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LETTER OF TRANSMITTAL

January 31, 1971

My Dear Mr. President:
It is an honor to transmit to you this Report, prepared in re-

sponse to Section 4(g) of the National Science Foundation Act, as
amended by Public Law 90-407, which requires the National Sci-
ence Board to submit annually an appraisal of the status and health
of science, as well as that of the related matters of manpower and
other resources, in reports to be forwarded to the Congress. This
is the third report of this series.

In choosing environmental science as the topic of this Report,
the National Science Board hopes to focus attention on a critical
aspect of environmental concern, one that is frequently taken for
granted, whose status is popularly considered to be equivalent to
that of science generally, and yet one whose contribution to human
welfare will assume rapidly growing importance during the decades
immediately ahead.

The National Science Board strongly supports the many recent
efforts of the Executive Branch, the Congress, and other public
and private organizations to deal with the bewildering array of
environmental problems that confront us all. Many of these prob-
lems can be reduced in severity through the use of today's science
and technology by an enlightened citizenry. This is especially true
of many forms of pollution and environmental degradation result-
ing from overt acts of man. Ultimate solutions to these problems,
however, will require decisive steps forward in our scientific under-
standing and predictive skills, and in our ability to develop the
wisest control and management technologies.

There is in addition a much larger class of environmental
phenomena with enormous impact, today and in the future, on
man's personal and economic well-being. These phenomena extend
from fisheries to forests. They include the natural disasters of hur-
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resources of water, minerals, and wildlife. Included too are the
more subtle effects of civilization on weather and climate, as well
as many forms of natural pollution, such as allergens, environ
mental pests and diseases, and volcanic dust. Together, these

phenomena share a common characteristic: they can be fully
understood, predicted, and modified or controlled only by studying
them in terms of the complex environmental systems of which

in recent years. Greatly expanded efforts will be required to under
stand the forces involved in the confrontation between man and
his natural environment.

This Report is presented as a contribution to the decisions that
need to be made if environmental science is to become a fully
effective partner in society's efforts to ensure a viable world for
the future.

Respectfully yours,

H. E. Carter
Chairman, National Science Board

The Honorable
The President of the United States
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Summary
and Recommendations

Modern civilization has reached the stage where, henceforth, no
new use of technology, no increased demands on the environment
for food, for other natural resources, for areas to be used for recrea-
tion, or for places to store the debris of civilization, can be under-
taken to benefit some groups of individuals without a high risk of
injury to others. No environmental involvement of man can any
longer be regarded as all good or all bad. Problems can bemitigated,
but absolute solutions are probably unattainable. The best that
can be sought, therefore, is to optimize, to try to achieve the wisest
cost-benefit decision for society for each action contemplated. Such
a strategy requires a strong base of scientific knowledge and under-
standing of the environment, ability to predict reliably its future
course, and, especially, the ability to construct models through
systems analysis of the environment and of man's interaction with
it on a scale never previously achieved.

Academy of Sciences National Research Council, the American

It is within this perspective that the present status of Environ-
mental Science has been examined. Environmental Science is con-
ceived in this report as the study of all of the systems of air, land,
water, energy, and life that surround man. It includes all science
directed to the system-level of understanding of the environment,
drawing especially on such disciplines as meteorology, geophysics,
oceanography, and ecology, and utilizing to the fullest the knowl-
edge and techniques developed in such fields as physics, chemistry,
biology, mathematics, and engineering. Included, therefore, are
such diverse matters as climate, air turbulence, the air-sea inter-
face, estuaries, forests, epidemics, earthquakes, and groundwater.
These environmental systems contain the complex processes that
must be mastered in the solution of such human problems as the
maintenance of renewable resources (water, timber, fish), the con-
servation of non-renewable resources (fuel, metals, species), reduc-
ing the effects of natural disasters (earthquakes, tornadoes, floods),
alleviating chronic damage (erosion, drought, subsidence), abating
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pollution by man (smoke, pesticides, sewage), and coping with
natural pollution (allergens, volcanic CG dust, electromagnetic "noise +).

Environmental Science is now exceedingly vigorous, considered
in relation to its development over many centuries. Notable ad-
vances are being recorded at an accelerating rate. New tools and

techniques, borrowed from all of science and technology, are being
brought to bear on the problems of observation, measurement, and
analysis. Across all of environmental science there is a heightened
awareness of the essential nature of the environment and the direc-
tions that scientific effort should take. Nevertheless and it is
the principal conclusion of this report-

Environmental science, today, is unable to match the
needs of society for definitive information, predictive
capability, and the analysis of environmental systems as
systems. Because existing data and current theoretical
models are inadequate, environmental science remains
unable in virtually all areas of application to offer more
than qualitative interpretations or suggestions of environ-
mental change that may occur in response to specific
actions.

There are two primary reasons for this state of affairs. One in-
volves the nature of environmental science itself, the other the
resources available for its advancement.

(1) The natural environment is not a collection of isolated
events and phenomena, but rather a vast, integral, mutually
interacting system. The recent advent of new technology and
technique (satellites, advanced computers, instrumentation of
many types, and the methods of systems analysis) for the use
of environmental science has, indeed for the first time, pro-
vided feasibility for attacking the scientific problems that this
environmental system presents. The tasks ahead, however, are
of unprecedented magnitude and difficulty.

(2) The trained scientific manpower available to meet this
challenge is extremely limited in each of the essential aspects
of environmental science. More serious is the fact that this
manpower is spread exceedingly thin, both with respect to the
manifold problems presented and to the institutions within
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which research is conducted, new scientists are educated, and
scientific results are applied to the solution of problems of the
public interest. Indeed, the institutions of environmental sci-
ence, as here defined, remain in an early stage of development.

This situation constitutes a crisis for the Nation. While environ-
mental problems are so diverse and diffused that virtually every
activity of civilization interacts with the environment, few persons
can be aware of the full scope of challenge that lies ahead. The
current mismatch between capability and need is at least compa-
rable to any other challenge to science and technology that was
encountered during this century.

To meet this situation the National Science Board offers five
groups of recommendations:

1. NATIONAL PROGRAM

Several factors emphasize the urgency of establishing a national
program for advancing the science of environmental systems: (a)New organizations formed at the highest level of the Federal Gov-
ernment, the Council on Environmental Quality and the Environ-
mental Protection Agency, have been charged with responsibilities
that include the assessment of the environmental impact of civil-ized man. These agencies must foresee secondary effects and com-
pare quantitatively the multiple consequences of alternative courses
of action. Such efforts are severely limited by the present level of
understanding of the behavior of environmental systems. Theywould become progressively more feasible as advances in environ-
mental science increase man's predictive power. (b) The use of
energy and the processing of material by man are doubling every
14 years.* Correspondingly, the number and severity of environ-
mental problems will increase, while the adequacy of ad hoc piece-
meal expedients will decrease. (c) As population grows, and with
it the artifacts of civilization, the human and economic losses due

*Both activities have shown 5% average annual growth rates for the
last 20 years, as reported in Man's impact on the Global Environment:
Assessment and Recommendations for Action, MIT Press, Cambridge,
Mass., 1970. The total consumption of fossil fuel in the United States
also grows about 5% per year; the conversion of an increasing fraction
of fossil energy to electrical energy leads to a higher annual growth rate
in the utilities.
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to sporadic natural disasters, already great, will increase in scale

that constitute the environment.

it is, therefore, recommended that this urgency be

recognized through the early development of a com-

prehensive national program to expedite the progress of

environmental science.

vide for the essential Federal role in encouraging and supporting
the work of environmental science, quite apart from the role the

Federal Government must assume leadership in fostering scien-
tific advance.

This national program should be based on three efforts:

(1) Emphasis should be given to projects, manned by
coordinate teams, directed to intermediate scale or
"mesoscale" problems, that is, problems on the scale of
lakes and estuaries, urban areas, regional weather sys-
tems, and oceanic fisheries. Advances on this scale wi

provide immediate benefits to man.

(2) At the same time, the program must ensure con-
tinued effort on global problems, even though their solu-
tion may require the resolution of smaller scale issues.

and delimit the future development of civilization.

vigor of those aspects of disciplinary research and gradu

ate education needed to provide the specialists and new
(d) At the same time, the intensification of man's needs for knowledge required for environmental science.

manipulation and mastery of the natural and man-made tems The remaining recommendations form an important part of thetotal recommendation of a national program. The entire programshould be established at the earliest practicable date, if progress
during this decade and its culmination during the following decadesare to be commensurate with the urgency now faced.

2. PRIORITIES

ever, do not respect local, State, or even national boundaries. It is One of the inescapable conclusions of this report is that the num-
thus further recommended that this national program explicitly pTo- ber and complexity of scientific problems, both theoretical and

experimental, that confront environmental science far exceed the
capability of available manpower to attack all of them effectively

Federal Government is already exercising with respect to improv at the same time. If these resources remain distributed as they are,
protecting the conseT-ing protecting the (e.g., programs of soil scattered and fragmented, and if problems to be solved are selected

vation, sewage control, etc largely on the basis of the perceptions of individuals or small iso-theBoth nationally and in matters of international cooperation lated groups, progress in environmental science cannot meet the
needs of expressed national goals and purposes.

Accordingly, it is recommended that early considera-
tion be given to strengthening arrangements whereby
priorities for environmental science can be set, matched
to existing and required scientific and engineering man-
power, and changed as circumstances warrant. In settingsuch priorities appropriate weight must be given to the
feasibility of achieving scientific solutions in a reasonable
time and to the social and economic costs and benefits
that could accrue if solutions were attained.

3. ORGANIZATION FOR ENVIRONMENTAL SCIENCE

The scope encompassed by the national program, proposed
above, the Federal role inherent in this broad effort, and the patentneed for establishing priorities raise serious questions of the ade-
quacy of present arrangements within the Federal Government for

(3) Finally, the program shou ensure the continued
planning, coordinating, managing, and reviewing programs of en-
vironmental science. As for all science, environmental science

x xi

both

renewable and non-renewable resources requires even greater
sys

The problems with which environmenta1 science must deal, how

treatment air and water pollution

In the long run it is the global constraints that will shape
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today is the responsibility of many agencies, often with conflicting
interest under differing agency missions and responsive to many

Congressional committees. At the same time the problems to be

solved are broader, more difficult, and more dependent upon the

coordinated use of scientific resources than those faced in the earlier

development of nuclear energy, radar, and space exploration.

For these reasons, it is strongly urged that the Federal

responsibility for environmental science, and for its pro-
motion, organization, and support, be considered as

important as the corresponding but separate responsibil-
ity for environmental quality. In particular, arrangements :

for Federal decision-making must be especially effective
for the following activities:

(1) The setting of priorities affecting all research and

development in environmental science supported by the
Federal Government.

(2) The determination of appropriate and feasible time
schedules for the projects of the national program and

ensuring that projects are managed in accordance with

such schedules.

(3) The provision of full coordination of the efforts of all

Federal agencies engaged in the support or performance
of research in environmental science, quite apart from

efforts in application or regulation.

(4) The establishment of organizational and employ-
ment incentives suitable for the types of projects that are
characteristic of environmental science through the sup-
port of national centers and specialized institutes.

(5) The encouragement of State and local governments
and private supporting organizations to subscribe to the
national program, as it is developed, and to the pattern
of priorities adopted.

With respect to the organizations where the work of environ-
mental science is done, several considerations are of the greatest
importance.

xii

Environmental science, as defined in this report, should
be viewed as a distinctive type of activity lying between
the extremes of traditional, basic science, on the one
hand, and the organizations established by society for the
application and use of science and technology. It shares
the scientific motivations of the former and the multi-
disciplinary and organizational complexity of the latter.

Various types of organizational structures should thus
be attempted, as experiments in the management of
environmental science. Two conclusions are especially
important:

(a) In academic institutions, which employ two-thirds
of the manpower in environmental science, the need for
strong departmental structures has historically hindered
the development of effective interdepartmental programs.
Within the last few years, however, new capability and
experience in systems management, often combined with
central funding for complex problems, have given a new
vitality to multidisciplinary efforts. A few research insti-
tutes and national laboratories have also begun ambitious
multidisciplinary studies of environmental problems.
These experiments in organization should be continued,
expanded, and followed closely.

(b) Industry possesses great capability in systems
analysis and systems management, but rarely offers the
broad array of scientific competence needed in environ-
mental science. Government has additional strengths,
particularly in the application of environmental science
to environmental management. A more effective use of
these resources can be made by combining the talents of
industry, government, and universities in new types of
research organizations and by seeking new approaches
to the management of environmental science.

4. FUNDING FOR ENVIRONMENTAL SCIENCE

If progress in environmental science is to be made at an accept-
able rate it is essential that additional manpower be made available
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the development of new curricula in which to present the
perspective of environmental science, as well as of new
courses and programs, especially directed to the under-
graduate.

Manpower needs related to environmental science are not con-
fined to the scientists, engineers, technicians, and others who con-
tribute to scientific progress. As environmental science advances,
there will be an increasing need for "natural resource administra-
tors" to serve in local, State, or Federal governments. The education
of these public administrators involves two types of interdisci-
plinary training. On the one hand, scientists and engineers must
gain a better understanding of the social, economic, legal, and
political environment within which practical action must be sought.On the other hand, students of public administration must gain a
better perception of the scientific process and a better understand-
ing of how scientists can contribute effectively to the practical
solution of environmental problems. It is recommended that sub-
stantial and adequate funding be made available for these purposes.

+
Even with the implementation of these recommendations only

gradual progress can be anticipated. Environmental science is too
difficult, too broad in scope, and too near the beginning for an
effective match with societal need to be achieved during this dec-
ade. But, correspondingly, the stakes are too high to miss the
opportunity for making the 1970's the base on which a constructive
future for mankind will be established.

XV

both through education and through transfer from other fields and
activities. This will occur only if appropriate employment oppor-
tunities and incentives are provided. The character of funding is
especially important to this end.

in addition to the opportunity provided by new types of
organizations, as recommended above, provision should
be made for continuity of funding of programs of environ-
mental science as being one of the principal means for
attracting the best talent.

It is further recommended that the funding of equip-
ment, facilities, and logistics for environmental science be
consistent with scientific needs and opportunities. The
highest priority should be given to the needs of multi-
disciplinary teams engaged in the study of environmental
systems.

5, DEVELOPMENT OF ADDITIONAL MANPOWER

While it is essential that the disciplinary strength of academic
institutions be maintained and increased across all fields of science,
these institutions also have a responsibility specifically with re-
spect to the manpower of environmental science.

Although competent specialists transferring from re-
lated disciplines can constructively enter fields of environ-
mental science through on-the-job training, the process
can often be faster and more effective if retraining oppor-
tunities are available within the educational context.
Hence, it is recommended that colleges and universities
consider appropriate means for supplementary educa-
tion in environmental science for scientific and technical
personnel.

Of special importance to implementing a national pro-
gram for environmental science is the existence of an
informed citizenry, both as a source of future scientists
and as the necessary basis for national understanding and
motivation of the entire program. The colleges and uni-
versities thus have a special opportunity to contribute by

xiv



CONTENTS

I! The Past Decade-Expanding Horizons 5
Public Perceptions 5
Scientific Perceptions 6
Technology for Environmental Science 12

lIt The Present Day-A Problem of Timing 15

Multiplication of Problems 15
Status of Understanding 17
Environmental Prediction 19
The Basic Issue 22

IV The Future-Three Levels for Action 27
Disciplinary Science-A Continuing Need 27
Intermediate Scale Systems 28
Global Systems 29

V Resources for Environmental Science 35
Manpower-The Critical Resource 35
Funding for Environmental Science 42
The Organization of Environmental Science 43

Types of Arrangements 43

Figure 1 Distribution of the World's Fisheries 11

Figure 2 Chronology of Earth's Magnetic Field Reversals 21

Figure 3 A Systems Model for a Grassland Ecosystem 25

Table 1 Specialties of Environmental Science and Associated
Scientists Engaged in Research and Development,

Table 2 Maximum Potential Number of Groups of Critical Size
Engaged in Research and Development, Its
Administration, or Teaching in Environmental Science
-Doctorates Distributed by Type of Employer-1968 ... 41

xvii
415-536 O- 71-3

Page
Introduction 1

Figure 4 Initial Array for Barbados Oceanographic and
Meteorological Experiment (BOMEX) 31

Its Administration, or Teaching-1968 37



introduction

This is a report on the status of a part of science. Frequent
references within the report to the environment, to environmental
problems, and to human welfare establish the relevance of the
science, but in no sense is this a report on the status of these areas.

Many recent reports and a flood of legislation, proposed or en-
acted, reflect the growing national concern over the present or
future state of the environment. Many reports have also been
prepared to review the condition of various parts of what has been
termed the ''environmental sciences" and to recommend appro-
priate actions. It is the conclusion of the National Science Board,
however, that there is yet another message related to the environ-
ment, one that has failed to date to receive the attention and dis-
cussion that it deserves, and one that is especially timely today.This message consists of two parts, a proposition and a question:
The proposition. Although early naturalists saw nature as a
whole, the natural environment has been increasingly viewed as
a heterogeneous ensemble of more or less independent parts-the
sky, the oceans, the dry land, ...Inhabiting this complex array
and supported by it were the living things, each following a "dust
to dust" trajectory and carrying with it a sense of being separate
and apart. Scientific study of these parts, abetted by the disciplinary
traditions and departments of academic science, retained the sepa-ration and gradually led to many fields of inquiry, including those
known by the recent expression "environmental sciences." One
of the most important trends of recent years, however, and one
that is shared more and more by the general public, is the develop-
ing recognition that the environment is in fact a single entity, a
gigantic system. It includes the radiations and tidal influences
arriving from the outside, the solid earth, the envelope of air and
water, and life itself, and must be described in terms of its rela-
tionships and interactions as well as its individual components.Such an approach crosses the boundaries between disciplines,
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bringing to bear whatever science is available and useful in study-
ing one aspect of the environment. Hybrid fields such as geochem-
istry, cloud physics, and bioclimatology have emerged. Although
the traditional disciplines remain relevant and necessary to the
continued study of natural processes, it is their coherence rather
than their identity that is useful in the study of environmental sys-
tems. For this reason the plural term "environmental sciences"' is
avoided in this report. In its place it is proposed to examine the
status of

ENVIRONMENTAL SCIENCE, defined here as the study
of natural processes, their interactions with each other
and with man, and which together form the earth systems
of air, land, water, energy, and life.

It is this emphasis on the systems and subsystems, tying together
the myriad elements of the physical world, that distinguishes en-
vironmental science from science as a whole. Of those engaged in
research, development, and teaching in the natural sciences, how-
ever, only six percent of the doctorates and seven percent of all
scientists are working in the disciplines most central to the study
of environmental systems. Another ten percent work in related
supporting areas and in applications of environmental science.

The question. - In recent years the environment, and especially
its quality in relation to human welfare, has become a focus of
public concern that has approached climactic proportions. At Fed-
eral, State, and local levels this concern has produced a number
of action programs and restrictive regulations, all designed to
ameliorate a situation that many have only recently recognized.
The issue is seen to be a matter of an increasing rate of deteriora-
tion resulting from man's intervention. Since science provides in-
formation and concepts, increased options, and predictability that
can contribute to informed public opinion and sound action pro-
grams, the question arises:

To what extent does environmental science today pos-
sess the basic knowledge and understanding needed to
help resolve problems of the public interest, to provide
an objective basis for the setting of public policy and
programs, and to anticipate the effects of increasing de-
mands of population and industry upon an irreplaceable
and vulnerable resource?

This report, therefore, is addressed to the status of environmental
science, without primary regard for disciplinary subdivision, and
to the issues that arise, as a matter of public policy, and that relate
the contribution that science can make today or in the future to
this aspect of the quality of life. Correspondingly, the concern in
this report is not with the state of the environment, nor with the
state of the disciplinary structure of environmental sciences, but
rather with the state of Environmental Science as a whole in 1970,
in its relation to this important endeavor, and with the steps that
need to be taken if it is to match the challenge that confronts it.

The Board is aware that many important prot'=ms, such as the
removal of sulphur from smoke, the recycling ui industrial wastes,
and the protection of open space, can be solve? with technology
and institutional change. The exclusion of these problems here
should not be misunderstood; the Board agrees with the emphasis
they have received in other reports and in social and political ac-
tion. The emphasis here is on a class of problems whose solutions
are much more difficult to achieve, in the sense that they require
advances in the science of environmental systems as well as tech-
nology and institutional change.

Essential to the important service that environmental science
can provide is the determination and willingness of society to es-
tablish the priorities and support the institutions that are necessary
for the translation of environmental science and technology into
sound political action and public decision. Although study of the
social dimension of environmental science was deemed, for prac-
tical reasons, to be beyond the scope of this report, it is fully recog-
nized that social judgments and political decisions are implicit in
any evaluation of the adequacy of scientific programs and in the
assessment of policy needs and action. The social and managerial
sciences have a central role in the task of building a stable, healthy,
and happy environment within which man can look to a construc-
tive future. It is thus of the greatest importance that research in
the social and managerial sciences be coupled with that in the
natural sciences to the end that knowledge and understanding will
be used effectively and wisely.

In arriving at the conclusions contained in this report, full con-
sideration has been given to important contributions that have been
prepared by a large segment of the scientific leadership of environ-
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mental science. This voluminous material forms the basis of a

second report, Patterns and Perspectives in Environmental Science,
to be issued separately.

The Past Decade -
Expanding Horizons

The period of the 1960's was unique in the history of American
involvement emotional, intellectual, and technological - with
the natural environment. It was a period of transition. The previous
era of individual opportunity to exploit continued to be replaced
by one of increased public responsibility, and indeed necessity, to
conserve. It was a period of preparation. New tools, concepts, and
procedures emerged that would ultimately form a powerful sup-
plement to methods used for generations in man's efforts to observe
and understand the complex world about him. And it was a period
of promise, for it marked a new threshold in man's capacity to view
his total environment in perspective, to live with it, and to manage
his interactions with it more wisely.

:

PUBLIC PERCEPTIONS

In the 1900's Americans were deeply aroused by dwindling forest
and mineral resources, and they established large-scale conserva-
tion programs. In the 1930's they acted dramatically to halt erosion
and to provide better management of their waterways. In the 1960's
the citizen became acutely aware of other instances of the deteriora-
tion of his environment and of real or imagined dangers for the
future, of the dirty habits of many of his fellowmen, of the loss of
aesthetic values for large segments of his environment, of the finite
nature of many of the resources he must depend upon, and in a
general way of the potential irreversibility of much that he is doing
in the name of civilization.

The citizen became cognizant, for the first time as a member of
society, that the technology he had created had the potential to
place him in jeopardy: the automobile, although he had experienced
smog before; the power plant, although the problems of sulfur
oxides are not new; the factory, although industrial wastes had
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long degraded the Nation's streams. He recognized the urgent need
for sewage treatment plants, although eutrophication of lakes had

already destroyed fisheries. The idea was new that the city was
altering his weather, or that pesticides could kill hundreds of miles
from the site of application. How much of this increased aware-
ness has been due to more rapid environmental change, to deeper
dissatisfaction with the state of society, or to heightened sensitivity
as a byproduct of affluence is not clear.

To attempt to offset the unfortunate trends that seemed to

threaten the citizen from all sides, a new effort was initiated, to-

gether with a new expression, technology assessment, through
which the effects of technology can, in principle, be anticipated,
thereby avoiding unwanted consequences. This ambitious design,
however, can only succeed when environmental! science, through
fact and scientific understanding, can provide a sound basis for
such assessments.

The concerned citizen often has parochial interest, and he de-
mands quick action. This leads to the selective solving of environ-
mental problems that are local and often straightforward. Many
individuals lack a sense of personal involvement in large-scale
problems to which they may be contributors: the growth of the
world's population, the precarious balance between people and
food supply, the implications of per capita economic growth, and
the growing gap between developed and developing nations. Sim-
ilarly, the public has only a vague awareness of the need for a

much greater capability to predict changes in the complex systems
that relate man to his environment.

SCIENTIFIC PERCEPTIONS

The outlook of the scientist, to the extent that he differs from
other citizens through training and experience, has followed a

somewhat different course. For years he has been conscious of
interactions among many aspects of the environment, of the "sub-
systems of the universe." In fact, the view that many parts of the
environment, especially those that affect man, are the result of

gigantic confrontations involving natural forces has been held both

by scientists and their early counterparts from the beginning of
man's history. The 1960's, however, marked a distinctive period
in three important respects.

(1} The physical extent of the environment, in the sense of in-
cluding all parts of nature that interact with man, expanded to en-
compass the entire universe. Two extreme examples would include:

Processes occurring in the far reaches of space, discovered
through astronomy and radio astronomy but still little under-
stood, generate cosmic radiation that in turn is continuously
causing gene mutations in living things on earth, including man.

In the earth's central core other processes, also poorly under-
stood, produce the magnetic field, familiar to man for centuries
as a means for navigation. Less familiar are recent findings
that the effects of solar disturbances on the earth's atmosphere
(and therefore man's immediate environment) may be modified
and influenced by this magnetic field.

From the center of the earth to the distant galaxies the physical
universe, in a most important sense, is congruent with the natural
environment. The differences between environmental science and
all natural science are primarily those of viewpoint and method,
leading in turn to differences in the phenomena to be studied. These
phenomena are illustrated in the following sections.

(2) A distinction between the environment and the universe
arises from the focus on man, and has attained broad recognition
only in recent years. For centuries the major efforts in science, in
most of its branches, have been directed to the discovery of the
building blocks of nature, to securing an understanding concerning
how these building blocks behave and what they are made of, and
to the generation of a theoretical structure of natural law and its
validation. This effort, ca continuing one to be sure, has been enor-
mously successful. Apart from forming an essential ingredient of
the intellectual heritage of mankind, this body of science has made
possible the explosion of technology that has resulted in the ad-
vances in standard of living and human health enjoyed in many
nations today.

In contrast, science of the environment is of a different character.
An element of the environment is not a matter that can be studied
successfully or completely in isolation. Neither does it represent
natural laws that differ from those that science generally has sought.
Indeed the emphasis in environmental science is now seen to be
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known origin, apparently near the east coast of Africa, traverse
the Atlantic and somehow intensify into hurricanes. The hur-
ricanes themselves simultaneously involve the interaction of

necessarily placed on the ways in which many elements relate to
each other and synergistically produce the kinds of phenomena
with which man must cope. The following examples are illustrative:

Weather and climate are continually varying and infinitely
complex phenomena that combine radiation from the sun, heat
from deep in the earth, and radiation into space, all of these
altered by absorption, reflection, and scattering in the at-
mosphere, and including the effects of clouds and particulates;
reflection to various degrees from the surfaces of water, vege-
tation, and land; evaporation and the transfer of heat from
water and land and the similar effect of transpiration from
plants; temperature differences between the tropics and the
poles; the orbital movement of the earth about the sun and
the effect of the earth's inclined axis; and many others.

Solid rock, made "plastic" under extreme pressure and tem-
perature, rises from the earth's mantle in gigantic convective
currents, sometimes melting and forming lava, emerges from
mid-ocean ridges to form enormous "plates" that may produce
mountain ranges when they collide, and that generate earth-
quake prone regions or deep trenches when one plate dives
beneath another. The demonstration of this process of seafloor
spreading and continental drift in what we now know to be
a "living" dynamic earth is one of the revolutionary achieve-

* ments of science during the 1960's.

The finite life of seafloors leads to the concept of geological
cycling on a very large time-scale, ocean sediments eventually
being returned to the continental masses or to the earth's
mantle. This geological cycle interacts with the much faster
ecological cycle of organic production and decay. A small
portion of organic production is buried each year in the sedi-
ments, and accumulates over the millions of years that sea-
floors persist. Each year a small amount of organic matter is
folded into the mantle or lower crust, burned, and expelled
as volcanic gas. This interaction of geologic and ecologic cycles
is part of the process that regulates the amounts of carbon
dioxide and oxygen in the atmosphere.

Interactions of a different character produce great cyclonic
storms. For example, atmospheric disturbances having an un-

large scale tropical weather systems, intermediate scale cy-
clonic behavior, and small scale interactions between atmos-
phere and ocean. The resulting hurricane forms an essential
mechanism for the transfer of heat from tropical to temperate
latitudes, brings needed rainfall to many areas, and causes
unneeded destruction to human life and to structures that
man has created.

Also complex are the interactions that result in oceanic food
resources (Figure 1). They include the transport of warm water
on the surface of the sea through the action of atmospheric
winds, its replacement by cold bottom water with its dissolved
nutrients, with the warm water cooling and sinking as it ap-
proaches the polar regions to repeat the cycle. Also involved
are the growth of microscopic plants in the surface layers
resulting from this process of "upwelling," with the simul-
taneous action of solar radiation, water, nutrients, and carbon
dioxide present in the water or entering from the atmosphere,
and then a complicated array of food chains as small animals
prey upon the plankton, small fish prey upon these small ani-
mals, and so on until the process culminates in the fish that
man habitually eats. In this process it is now recognized that
the populations of the lower species of these food chains are
substantially controlled from the top through predator-prey
relationships, a reversal of views that were held only a decade
ago. Finally, the resources contained in the bodies and wastes
of all living things are eventually decomposed by bacteria and
other organisms, thus releasing these resources for further use.

(3) The method of approach to investigation emphasizes another
distinction between the efforts of traditional science and those of
environmental science. It is in a sense analogous to systems engi-
neering, defined by tools, techniques, and procedures which proved
their power in major technological developments during and since
World War II. There has been a broad effort to bring these methods
to bear across almost the entire field of environmental science.
This circumstance forms a distinctly new departure in the search
for scientific knowledge and understanding.
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NOTE TO FIGURE 1

The distribution of the world's fisheries. The four figures of this report represent
four different kinds of situations in environmental science. In this case, the final

output of the system is a clearly identified resource, obtained primarily from the

coastal oceans. Much less clear are the future responses of this system to ex-

ploitation, and the future opportunities that may derive from a better understanding
of the system. One critical factor is the total fish production of the oceans, which
has recently been estimated to be only four times greater than the 1968 catch, for

corresponding species. Another is the vital role played in estuaries and along
coastlines, where pollution threatens the nurseries of many commercial species.
A third is the role of upwelling, as discussed in the text. Weather is important
to the success of fishing, and further improvements in local weather forecasting
await a better understanding of larger scale meteorological phenomena. Alto-

gether, the systems of air, water, and life are intimately interwoven in the produc-
tion of fishery yields.
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COASTAL AREAS-About 50% of Global Commercial Harvest

ww UPWELLING AREAS-About 50% of Global Commercial Harvest

Less than 1% of Global Commercial Harvest

Prepared by the National Science Foundation
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TECHNOLOGY FOR ENVIRONMENTAL SCIENCE

The advances of the last decade a maturing of concept, a shift
of perspective towards the systems aspects of the environment,
and a determination to attack scientific problems of a diversity and
complexity that had not previously been attempted have been
directly related to the advent of significant new technology. New
types of equipment for measurement and data-gathering, communi-
cation, and data analysis have marked a giant step forward in the
ability of environmental scientists to handle environmental prob-
lems. Much of this equipment is well-known, as are many of its
applications. Major examples include:

A variety of instruments developed in other fields have enor-
mously expanded our sensitivity to the environment, enabling
us to identify, trace, and otherwise evaluate an extraordi-
nary array of phenomena. Included here are mass spectrome-
ters, gas analyzers, X-ray diffraction apparatus, electron and
ion microprobes, radioactivity counters, particle counters,
amino-acid analyzers, chromatographs, and scanning elec-
tron microscopes.

A variety of satellites, including those for the study of the
solar surface and the space between the sun and the earth,
the series of operational meteorological satellites and those
developed especially for atmospheric research, the planned
satellite for the study of the earth's resources, communications
satellites to contribute to global data handling, and '"'stationary"
satellites operating at synchronous altitude, taken together,
have provided an enormous and expanding capability for ob-
servations on a global scale, a capability that is entirely new
in the history of man's attempts to understand his environment.

Automatic data-handling equipment provides central filing
or display from sensors of all kinds located, for instance, on
mountain tops, lake bottoms, trees, bears, whales, birds, or
airplanes. Remote sensing includes the use of Doppler and
other ultra-sensitive radars, acoustic "radars," and the first
application of laser "radars" in meteorology and seismology,
and the expanded use of infra-red and multi-spectral sensors
in studies of vegetation, land, atmosphere, and water surfaces.
Data gathering has been coupled with data processing, and in

one major international study of marine upwelling the entire
complex has gone to sea.

Special mention should be made of the development of new
types of deep sea drilling techniques and their use on the
unique, prototype vessel, Glomar Challenger. This facility has
brought to light in only a few years information that has lit-
erally revolutionized man's understanding of physical proc-
esses occurring in the earth's crust.

The rapidly increasing volume of data about the environment
has brought with it the opportunity to study for the first time
the systems aspects of many features of the environment. This
effort is being made through the use of mathematical modeling
and simulation techniques and their attempted application to
the solution of environmental questions. The development of
this technology is essential if satisfactory answers to many
of the problems of current public concern are to be found.

This technology implies another, for the enormous compu-
tational complexity represented by environmental systems has
required the increasing use of larger, faster, and more powerful
computers. Of special significance may be the development of
the parallel processor computer to replace sequential opera-
tions by simultaneous operations on vast amounts of diverse
input data.

The exploitation of new technology in environmental science is
just beginning. It forecasts an era of unprecedented productivity.
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The Present Day-
A Problem of Timing

Although recent years have witnessed a tremendous increase in
awareness, on the part of scientists and non-scientists alike, of the
nature, complexity, and extent of the natural environment, the
mutual interactions of its parts, and its interactions with man, while
powerful new tools for the study of the environment have been
introduced with outstanding initial successes in the exploitation of
prototypes, there should be no misunderstanding concerning the
status that has so far been achieved. Simply stated, environmental
science today is rarely able to provide the quantitative information,
interpretations, and predictions needed to match the needs of so-
ciety. The current situation can best be viewed in two ways.

MULTIPLICATION OF PROBLEMS

Environmental science is perhaps the oldest of man's scientific
activities. The most ancient records of mankind contain evidence
of careful observations of many types of natural phenomena, efforts
to predict or forecast coming events that would affect his activities
or well-being, or efforts to control or at least to modify the course of
natural events. These efforts were usually made, however, within
a framework of simple beliefs. The complexity of the natural en-
vironment, on the other hand, is such that, although observations
and measurements have continued to be made to the present day,
observational data of immediate concern to man remains sporadic,
incomplete, and inadequate to serve as a basis for sound scientific
investigation. For example and with respect to general understand-
ing across the entire field of environmental science, one need only
recall the comment of the late Professor John von Neumann to the
effect that the atmosphere represents the second most difficult
challenge to scientific understanding, man and society presumably
occupying first place. Environmental science has become in many
respects more difficult as more has been learned. The following
examples serve to illustrate this situation.

15
419-536 O- 71-5



16

The earlier presumption that exchange of carbon dioxide
between the atmosphere and the oceans could account for the
fate of carbon dioxide produced by burning fossil fuel has
proven false. About as much of the carbon dioxide produced
has gone into the vegetation as into the oceans, and the inter-
action in both cases is more complicated than anticipated.

The discovery of several systems of counter currents in the
deep ocean has demonstrated that oceanic circulations are
considerably more complex than they had previously been
thought to be.

Measurements of the exchange of heat and water vapor
between the ocean and the atmosphere, important to under-
standing the behavior of both, indicate considerably greater
complexity than had previously been thought. Results from
the "Barbados Oceanographic and Meteorological Experiment"
(BOMEX) will require fundamental revisions of theoretical
formulations.

Ecology texts show bacteria and fungi in water and soil act-
ing as decomposers of organic material, distinct from the ani-
mals (consumers) and the green plants (producers). It is now
known that decomposition is often accomplished through the
combined, and often interdependent, action of microflora and
small animals. Furthermore, many green plants live in intimate
physical bonding of their roots with fungi, the latter serving
as the major means for removing water and nutrients from
the soil. These complex relations cannot be unravelled ade-
quately today because the many species of fungi and small
animals are poorly known.

Eddy currents have long been known to be important to cir-
culations in both oceans and lakes, and atmospheric turbu-
lence, including the special case of clear air turbulence, is now
seen to play a most significant role in atmospheric energy
exchange. Both types of phenomena, however, are exceedingly
difficult to measure and to fit into a general circulation theory.

Observations from the Applications Technology Satellite
(ATS-II) have uncovered types of cloud structures and clus-
ters of such structures that are new and for the present remain
unexplained.

The very achievements of environmental science in recent years
thus render the solution of major scientific questions both more
remote and more urgent.

STATUS OF UNDERSTANDING

Conversely, there exists a significant body of knowledge and
understanding across environmental science that is daily being
brought to the service of mankind. The weather is in fact being
forecast, however well or poorly these forecasts are regarded. In
certain instances, notably in the California Current, the tuna catch
is being successfully predicted. The ionosphere, in spite of its great
variability, is being used for reliable long-range radio communica-
tion through the use of adaptive techniques. The characteristics of
mineral-bearing structures are known and this information is being
used for exploration. Much is known and understood about such
diverse topics as forest-watershed management, the controlled use
of forest fire, environmental disease, and the physiological effects
of high altitude.

The fundamental scientific laws of the universe are necessarily
identical to those operating in the environment. Yet the environ-
ment is so diverse and so complex that in many instances it has
not yet been possible to enunciate general principles of practical
utility. Nevertheless significant progress has been made in the iden-
tification and interpretation of the phenomena, processes, and in-
habitants of the natural environment. Large and complex problems
can be partitioned and simplified, and partial solutions and under-
standing can come from the study of these smaller portions of the
whole. Ultimately, however, the larger systems must be understood,
since it is at such scales that many problems of interest to human
welfare are found. At present, scientific understanding of such sys-
tems is almost entirely qualitative. Several examples illustrate this
aspect of the state of knowledge:

It is not possible to predict in any definitive manner in many
situations the transport of pesticides, pollens, airborne radio-
active particles, mercury, lead, or other materials, nor are the
mechanisms of concentration of these substances in the food
web well understood. Neither are the detailed nor the long-
term chronic effects of low level concentrations of pollutants
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on man, other animals, or plants adequately known; and the
resulting changes in the relative balance among species in a
natural landscape are virtually unexplored.

It is not possible today to predict earthquakes or volcanic
eruptions. The mechanisms whereby hurricanes and tornadoes
are generated cannot be explained, nor can their movement be
predicted except in terms of extrapolation from historical sta-
tistics. Nor is there any appreciable understanding today about
why or how electric charge separates in clouds and forms
lightning.

There is inadequate theory today for assessing with confi-
dence the long-term climatic effects of carbon dioxide, heat,
or particulate matter introduced into the atmosphere by today's
technology, or the possible effects of aircraft contrails, or the
consequences of jet exhaust at stratospheric altitude.

The currents in lakes and oceans cannot be described in
detail, nor can the transport or ultimate destination of wastes
or other materials introduced into these bodies of water be
adequately appraised.

It has been demonstrated that the ability of a landscape to
retain its nutrient elements is related to its plant and animal
species; shifts in the latter may alter the nutrient balance in
the system, yet the relationship is poorly understood. Indeed
it is usually not possible to predict or assess quantitatively
the effects of external influences on any ecosystem.

Although a great deal has been learned about the nature of
emissions from the solar surface, it is not yet possible on the
basis of fundamental physical principles to predict solar
flares, nor their intensity, nor all of their effects on the earth's
environment.

There is today little understanding of why the earth has a

magnetic field, how the earth's core generates such a field, nor
why the field reverses polarity from time to time. In connec-
tion with the last, it is known from studies of the magnetism
of ancient rocks (Figure 2) that the earth's field has reversed at
least 40 times in the past 10 million years. The next reversal,
which will occur at an unknown time, at an unknown rate,

and with unknown consequences, is believed to be overdue.

Although great progress has been made and accretions to man's
understanding of his environment are being made daily, important
questions of all types remain unanswered. Details concerning these
andmany other items relating to the status of environmental science
will be presented in a separate report, Patterns and Perspectives in
Environmental Science.

ENVIRONMENTAL PREDICTION

The maturity of a science can often be judged by the precision
with which successful predictions can be formulated and computed.
Given the appropriate initial conditions, how will a given system
under study evolve or develop with time? The path of Apollo 12
or the orbits of the planets can be predicted with great precision,
using only Newton's laws and the universal law of gravitation.
But prediction in this sense is not possible in every science, either
for practical reasons, related to complexity, or because of the in-
herently statistical or random nature of the phenomena being
studied. It is precisely in this area that a major scientific contro-
versy exists with respect to environmental science. A great deal of
effort is currently being placed on approaches to prediction of en-
vironmental regimes. Because of the many contributing factors
involved, these efforts generally take the form of systems modeling
or simulation, based on established physical laws, and the use of
these mathematical models to project the state of the environmental
regime at some time in the future.

4

A problem, however, has been encountered in efforts to predict
the state of the atmosphere, that is, weather forecasting. Much
publicity has been given to the prospects for ''accurate"' forecasts
(and this term is generally not defined) at least one to two weeks
in advance, on a global scale. Major programs have been under-
taken to achieve this end. Some scientists, however, question the
innate predictability of the atmosphere, except on a long-term,
statistical, climatic basis. To these scientists the upper limit is per-
haps five days. While it can be predicted with fair confidence that
thunderstorms, tornadoes, or other severe storms will occur over
a general area, little can be said about where individual storms
will form, for they appear to be governed by causes of a statistical
nature.
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Figure 2

CHRONOLOGY OF EARTH'S MAGNETIC
FIELD REVERSALS
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NOTE TO FIGURE 2

Reversal in polarity of the earth's magnetic field. These data
derive from measurements of the direction (N-S) of magnetism
frozen into lava as it hardens, and the dates of many lava flows.
The same phenomenon has recently been confirmed in the spread-
ing seafloor. This figure is an example of a phenomenon of global
extent that is known to occur, but has never been witnessed. The
effects of reversal are unknown. There is possibly a transient
weakening of the shield that protects the earth from a part of
cosmic and solar flare radiation. A shortening of life span as
well as an increased mutation rate would be possible effects on
life.
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At the same time, there has been a relative neglect of efforts to
improve short-term, local or regional forecasting. Efforts to achieve
successful long-range forecasting should certainly continue because
of the large potential benefits that could result. However, it should
be recognized that large economic benefit and advantages to the
lives of human beings would accrue from the ability to predict
more precisely atmospheric conditions for periods ranging from
about an hour to several days in advance. Far greater effort should
be placed on research leading to this end than has hitherto been
the case.

The capability to predict is not balanced across all parts of the
environment. While the situation described above exists with re-
spect to the atmosphere, the status of oceanic prediction is even
less satisfactory. Although intensive efforts are being made to de-
velop models of life-centered systems or ecosystems for purposes
of prediction, no complete model of any ecosystem yet exists
(Figure 3). For the solid earth or for the solar-terrestrial region
reliable prediction is still a matter for the future. In this important
subject of scientific prediction environmental science remains a
young science.

THE BASIC ISSUE

A central problem thus exists with respect to environmental sci-
ence, one that can best be illustrated by comparing the situation
today with the circumstances that prevailed at the time of Sputnik.A decade ago the state of relevant science and technology -
physics, chemistry, propellants, control systems engineering, me-
chanical design, communications, manufacturing capability- was
such that an immediate effort could be mounted to meet a perceived
challenge, and technological goals could be stated for the decade
ahead. Today again there is a perceived challenge, more serious
and more generally shared than the one a decade ago, and one that
science, environmental science, cannot provide the tools to meet.
This is a matter of the utmost importance both for the United
States and for the world as a whole.

There is a clear and urgent need for the establishment
of a national program to develop environmental science
to the point where it can contribute decisively and authori-

tatively the information, the interpretations, and the pre-
dictions that are needed for wise public decision on all
matters relating to the environment within which man is
constrained to live and to look forward to a constructive
future. At the same time, there is a corresponding need
for vigorous and expanded programs of research on the
social, behavorial, economic, political, and administrative
arrangements and institutions that are essential, if the
results of environmental science are to be effectively
applied and if the crucial physical and biological issues
are to be recognized.

On the other hand, it must not be inferred that all actions to
improve or protect the environment should be deferred until every-
thing is understood. Enough is known today for many things to be
done. Even though it is not known what concentrations of sulfur
oxides are produced by what levels of emission under various
meteorological conditions, it is known that lower emission at the
source will improve the situation, Sulfur oxide concentrations can
be measured and correlated empirically, even without the ability to
explain them, to a degree sufficient to permit the objective enforce-
ment of certain control measures.
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NOTE TO FIGURE 3

A systems model for a grassland ecosystem. This diagram represents a giant step
forward in the conceptual approach to the study of an ecosystem, and has proven
invaluable in the design of research, team organization, and analysis of data.
Nonetheless, the level of sophistication shown here is well below that needed for

application in practical problems. The complexities arising from the several hun-
dred species and several thousand relationships are still overly simplified, as are
the interactions of the system with human intervention. This figure represents very
well the general level of adequacy that exists in all subfields of environmental
science, and demonstrates the youth of the field.

Figure 3
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The Future-
Three Levels for Action

Efforts to advance environmental science during the coming
years will necessarily follow three directions, each essential to the
public purpose. These directions concern efforts to solve glo-
bal problems; corresponding efforts related to local, regional, or
"mesoscale" phenomena; and basic scientific investigation to solve
many of the elementary questions that underlie much of environ-
mental science. The second of these is probably essential for suc-
cess in the first; the third is essential for the first two. All three
share a common scientific purpose: to obtain the information, un-
derstanding, predictive capability, and basis for developing appro-

magnitude of effort and, consequently, in cost.

It is of the most fundamental importance, therefore, that
major attention be given to the priorities that will deter-
mine the distribution of available resources across these
three efforts, and that continuing concern for priorities be
maintained for the foreseeable future. Mechanisms for
this purpose should be centralized among all agencies
and organizations that support research in environmental
science.

The stakes involving environmental science are so high that its
progress on many fronts should not be entrusted to the initiative
of individual private investigators, one unrelated to another, nor
to major programs where the scientific objectives have not been
clearly defined.

DISCIPLINARY SCIENCE- A CONTINUING NEED

While environmental science is fundamentally science addressed
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to the interactions among complex processes in complex systems,
it should not be inferred that only investigations of systems and
subsystems are involved. Indeed there are innumerable problems
that need to be solved before needed information can be obtained
for the systems work, whether the systems are addressed to pre-
diction, to potential environmental modification or control, or to
gaining understanding, three alternatives that are intimately con-
nected, Examples of such basic research extend from solar physics
to the geochemistry and geophysics of the solid earth, from bio-
logical studies of countless species still unknown in tropical forests
or the ocean bottoms to the chemical environment of ozone in the
upper atmosphere, or from the fundamental nature of water, still
a mysterious substance, to the detailed mechanisms that determine
the growth of hailstones or the way in which cloud seeding agents
operate. These are problems of discipline-oriented research. They
need to be vigorously supported- as basic research- if environ-
mental science is ultimately to achieve the position of a fully effec-
tive partner in man's efforts to live securely and successfully with
his environment.

INTERMEDIATE SCALE SYSTEMS

It is in the area of regional or local environmental systems that the
major efforts of environmental science will be made. There are
two reasons. First, the kinds of scientific knowledge and under-
standing that are necessary for a sound approach to the elucidation
of global systems must come from thorough investigation of the
subsystems which, taken together, form the global environment.
Secondly, the subsystems of the environment are those with which
man is most immediately concerned both for his economic and
personal well-being. From severe storms to the natural orman-made
ecosystems that sustain mankind, from fisheries to the condition
of lakes and estuaries, from volcanoes to rainfall and water supplies
the subsystems of the environment present a catalogue of major
scientific challenges that will require heavy efforts and heavy ex-
penditures by many nations and for many years to come.

It is of the greatest importance, however, if the most effective
progress is to be made, that these problems be in fact treated as
systems problems. Major examples include: the biome studies and
ecosystem modeling efforts of the International Biological Program
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(IBP); the Barbados Oceanographic and Meteorological Experiment
(BOMEX), noted previously, of the Global Atmospheric Research
Program (GARP); and the proposed Geochemical Sections Program
(GEOSECS), to be undertaken as part of the International Decade
of Ocean Exploration (IDOE) and to be addressed to sampling as
many chemical substances as possible, from the surface of the
ocean to the bottom, in the major ocean basins of the world. The
magnitude that studies of this kind will frequently attain is well
illustrated by BOMEX (Figure 4) which involved nearly 100 ex-
periments performed by 1,500 scientists, technicians, sailors, and
airmen, using 28 aircraft, 12 ships, operational meteorological satel-
lites, two research satellites, buoys, and land-based facilities on
the Barbados. This effort was primarily addressed to gaining a
deeper understanding of air-sea interactions, an important deter-
minant of the condition of the world's weather and oceans. Many
efforts of this type will need to be undertaken, if environmental
science is to achieve the status required to match societal need.
These efforts should be fully and enthusiastically supported.

GLOBAL SYSTEMS

Approached at very general levels to include such characteristics
as average carbon dioxide levels, total plant productivity, and total
emissions of particulates, models of global systems can be rela-
tively simple and still useful for determining overall constraints
to human activity. More detailedmodels of greater predictive power
must await the development of better syntheses at the intermediate
scale, even though global models are needed now to answer ques-
tions on the future effects of human action. In the meantime, a
number of global programs to improve the information base are
already useful. Three major examples will serve to illustrate the
value of such information, both in public service and in the ad-
vancement of science.

A highly successful international undertaking, under the direc-
tion of the World Meteorological Organization, is known as the
World Weather Watch (WWW). This program is designed to pool
the world's weather data and to make available to all nations the
best weather forecasts that the present state-of-the-art can provide.
It is a public service program, based on the applications of environ-
mental science. This program will be improved as new scientific
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NOTE TO FIGURE 4

Deployment for the 1969 BOMEX project. This figure represents
the consequence of designing a group of experiments of sufficient
scope and precision to test hypotheses and obtain useful new
data from an intermediate scale system. The event is unique in

human history. Of the four situations in environmental science
represented by the four figures of this report, this one is the most
"mature." This experiment was participated in by the Depart-
ments of Commerce, Defense, Interior, State, and Transportation,
the National Aeronautics and Space Administration, Atomic
Energy Commission, the National Science Foundation, the Na-
tional Center for Atmospheric Research, and more than 10 uni-
versities.
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results become available, especially from GARP with which it is
associated under the World Weather Program, and can be incorpo-
rated within it. It is not clear today that the types of weather obser-
vations that provide the input to this system are the best ones.
There is reason to believe, for example, that certain types of data
obtained by satellite may be more reliable, provide better coverage,
and lead to a better scientific basis for global forecasts. When this
and many other questions are resolved, WWW will be correspond-
ingly strengthened.

A second program, one that appears to be exceedingly promising,
is known in the United States as the Global Network for Environ-
mental Monitoring (GNEM). Planning for this program is being
conducted jointly by the United States, Sweden, and the Soviet
Union, under the coordination of the International Council of Sci-
entific Unions (ICSU). The program is based on the recognition that
there is literally no long-term base-line information that can be
used to assess changes in the world's climate, the state of the
oceans, or the condition of life systems throughout the world. It is
being proposed, therefore, to establish a limited number of moni-
toring stations throughout the world and to begin to collect the
kinds of data that will help to resolve questions concerning the
effects of man's intervention. This program is, in a sense, inter-
mediate, between one designed to provide a public service and
one of aid in environmental science. It should be strongly sup-
ported by the United States.

A third program, also international in participation, is that of
deep sea drilling, already mentioned, under the general oversight
of the Joint Oceanographic Institutions for Deep Earth Sampling
(JOIDES). In addition to providing full confirmation of the theory
of continental drift and seafloor spreading, this program has been
extremely fruitful in uncovering information concerning deep sea-
bottom sediments and minerals, including oil and gas in the Gulf
of Mexico. It is a major source of information in environmental
science.

As understanding of the environment and predictive
capability increase, while at the same time population
growth and associated demands and effects on the en-
vironment multiply, there will be constantly increasing
pressures to manage the environment to the benefit of
man, to modify or control elements of the environment
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(e.g., through weather modification, reduction of earth-
quake severity, etc.), and to mitigate many of the more
subtle effects of man's interference (e.g., the effects of
urbanization, other than pollution, on local or regional
weather patterns, associated ecosystems, etc.). The
corresponding technologies, planning approaches, and
management techniques are ultimately dependent upon
advances in environmental science. Simultaneously, how-
ever, they introduce a host of social, legal, economic, and
political problems of the greatest difficulty. While three
scales of future activity in environmental science have
been noted above, it is also essential that major efforts
be devoted to gaining needed insights into the structure,
behavior, and needs of related social systems and insti-
tutions through increased emphasis across the social
sciences.
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Resources for
Environmental Science

The fact that environmental science today is generally unable
to match the needs of society for definitive interpretations or quan-
titative answers to pressing problems must ultimately reflect the
priorities that society has placed in the past on the various activi-
ties of environmental science. These priorities can be judged from
a review of present resources.

MANPOWER- THE CRITICAL RESOURCE

Information concerning scientists in the United States who are
engaged primarily in research and development, the administration
of research and development, or teaching in the natural sciences is
available from recent surveys of the National Register of Scientific
and Technical Personnel of the National Science Foundation. Thus
in 1968 a total of 153,068 scientists could be identified with these
activities in all of the natural sciences. They were working in 780
primary employment specialties of science. This same source con-
tains a corresponding total of 68,032 scientists holding a doctorate.
These totals were analyzed and divided into three groups: 87 spe-
cialties of Environmental Science, corresponding generally to the
systems emphasis adopted for this report; 86 Applied'and Support-
ing Specialties of Environmental Science; and 607 specialties of
Other Natural Sciences. The definitions that generally form the
basis for these three groups, together with the results of the analy-
sis, are shown in Table 1.

Of special importance in Table 1 is the average number of doc-
torates per specialty, obtained by dividing the number of doctorates
by the number of specialties for each of the three groups. Thus for
Environmental Science, as interpreted in this report, the value is
46, smaller by a factor of 2 than the corresponding ratio for non-
environmental ''Other Natural Sciences." The thinness with which
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NOTES TO TABLE 1

(1) Includes the Solar-Tetrestria! System (aeronomy, ionosphere, aurora and
airglow, solar physics, etc.), Climatology, Atmospheric Science
(atmospheric dynamics, mesometeorology, micrometeorology, atmos-
pheric electricity, etc.), Air-Sea Interactions, Oceanography, Biological
Oceanography, Marine Geology (including ocean-bottom processes and
shore and near shore processes), Solid-Earth Geophysics, Solid-Earth
Geochemistry, Petrology, Sedimentology, Geomorphology (including
glacial geology), Hydrology (including erosion and sedimentation;
evaporation and transpiration; snow, ice, and permafrost; soil moisture;
etc.), Ecology, Renewable Resources (including fish and wildlife,
forestry, and range management), and Geography (excluding cultural
geography, historical geography, military geography, and political
geography).

(2) Includes many agricultural sciences, meteorological applications (in-
cluding weather analysis and forecasting), exploration and extraction
geology and geophysics, pollution sciences, mineralogy, paleontology,
geodesy, instrumentation, etc.

(3) Includes, following the classification of the National Register, Chem-
istry, Earth and Marine Sciences, Atmospheric and Space Sciences,
Physics, Mathematics, Computer Sciences, Agricultural Sciences, and
Biological Sciences.

Table 1

SPECIALTIES OF ENVIRONMENTAL SCIENCE AND ASSOCIATED SCIENTISTS
ENGAGED IN RESEARCH AND DEVELOPMENT, ITS ADMINISTRATION, OR TEACHING 1968

Ay CHS a

a'of Ph.D.

Environmental Science (

Applied and Supporting Speciaities
of Environmental Science @)

Other Natural Sciences

Total Natural Sciences ) 3:

Specialt gs

4

:

Source: National Register of Scientific and Technical Personnel,
National Science Foundation, 1968 survey.
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this specialized manpower is spread across the activities of environ-
mental science is further emphasized by the fact that the MEDIAN
number of doctorates is 20 for the 87 specialties considered.

The number of doctorates has been given special attention, in
spite of significant and extensive contributions made by those with
lesser degrees, since the doctorate generally represents, by virtue
of the nature of the educational process during its terminal years,
the intellectual leadership in generating scientific advance. This is
especially true today, because of the level of knowledge and under-
standing that has been attained in all of the basic contributing
disciplines that necessarily form the underpinning for such ad-
vance, The number of doctorates has thus been chosen as an
important index of resource status.

Two-thirds of the 4,044 doctorates reported in environmental
science were employed in colleges and universities. The distribu-
tion is the following:

Percent of doctorates

Colleges and Universities 68
Governments 20
Other (largely industry) 12

In spite of this heavy preponderance in academic institutions,
there are significant concentrations in some specialties within
government (especially renewable resources, geophysics and geo-
chemistry, atmospheric science, and the solar-terrestrial system)
and within industry (particularly geophysics and geochemistry, and
the solar-terrestrial system).

Another dimension of this distribution among types of employers,
probably the most significant aspect of the manpower situation in
environmental science, is demonstrated in Table 2. Adopting the
generally held view that a high quality organization in research
and development generally requires a "critical size" or minimum
number of scientists, communicating with each other, and arbi-
trarily choosing 7 as this number, the maximum possible number
of such groups of doctorates has been determined for each of the
87 specialties included in environmental science for the three
principal employer types. Thus in 19 specialties no group of "critical
size" could have been formed in 1968 in colleges and universities,
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while for 63 specialties this situation existed in government and
industry respectively. However, these results are optimum, since
in the situation actually prevailing the scientists in these 87 spe-
cialties were distributed among many universities, many govern-
ment agencies, and many industrial corporations and research
organizations. The distribution shown in Table 2 clearly confirms
the existence of a severe manpower shortage in environmental
science and a scattering of resources throughout the Nation, a cir-
cumstance that strongly reflects employment opportunity and
hence public priorities.

That the situation described above is beginning to correct itself
is suggested by comparing the 1968 and 1970 surveys for specialties
that retained their identity. Apart from the solid-earth sciences,
where a change of structure and nomenclature precludes the com-
parison, it was possible to examine changes between 1968 and
1970 for 66 of the 87 specialties of environmental science:

Percent Change
All scientists +11
Doctorates +18

These changes, noted for a two-year period, are the result of
several causes. First, they reflect growing numbers of persons com-
pleting their academic training, especially doctoral, in aspects of
environmental science. Secondly, they result from significant num-
bers of scientists who changed their fields of work and entered
environmental science as the employment situation deteriorated
in their original occupaticns. Thirdly, the indicated growth may be
overstated because of the choice of a different name of employ-
ment specialty by a respondent to conform to the growing popu-
larity of certain areas of environmental science, while no change
occurs in the nature of the work performed. This is especially true
for many biologists, biological oceanographers, and others who
choose Ecology as the generic expression to describe their work.

It is noteworthy, however, that the number of doctorates in
environmental science appears to be increasing more rapidly than
the total number of scientists. This trend has been especially strong
for a number of specialties that only recently have begun to receive
substantial support, notably those related to the atmosphere and
the oceans.
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Table 2

MAXIMUM POTENTIAL NUMBER OF GROUPS OF
CRITICAL SIZE ENGAGED IN RESEARCH AND
DEVELOPMENT, !TS ADMINISTRATION, OR
TEACHING IN ENVIRONMENTAL SCIENCE-
DOCTORATES DISTRIBUTED BY TYPE OF

EMPLOYER-1968NOTES TO TABLE 2

(1) This tabulation is based on the proposition that in general a Number of Specialties
research group of high quality will contain at least seven Maximum No.
members as a "critical size" (See the report Graduate Educa- of Groups of College or

tion-Parameters tor Public Policy, NSB 69-2, issued by the Critical Size (2) University Government Other

National Science Board in 1969).
0 1 9 63 63

(2) Obtained by dividing the number of doctorates in a specialty
by 7. Thus, for example, of the 87 speciaities identified with

1 29 12 16

environmental science, there were in 1968 sufficient doctor- 2 12 7 5

group of critical size each, provided that the scientists asso- 4 3 0 0
ciated with a single specialty were located in one place. In

fact, however, these scientists were scattered among a num- 5 3 0 0

ber of colleges and universities. 6 3 0 0

7 2 0 0

8 0 0 0

9 1 0 0

10 or more 8 3 1

87 87 87

colleges and universities, in 29 specialties to form only one 3 7 2 2ates, engaged in research and development or teaching In

Source: Based on information from the National Register of Scientific and
Technical Personnel, National Science Foundation, 1968 survey.
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Manpower shortage is not confined to those needed to provide
the science base, to conduct environmental research, and to gen-
erate systems understanding. As the science base is established,
the need for technicians, engineers, and administrators to imple-
ment policy and programs also becomes greater. The function of
government, in relation to questions of environmental manage-
ment, is largely to legislate policy and to administer the application
of controls. Such an administrative role for government requires
knowledgeable scientist-administrators. They must be sufficiently
trained in science to be perceptive of the characteristics of theory
and data base resulting from research. They must be perceptive
too of the political and sociological environmentwithin government.
They should have formal education in the social sciences, law, and
administration, as well as in science. A specifically trained "science-
natural resource" administrator is thus needed. This should be a
person who would operate at the final implementation level of
mission agency policy regarding the environment. Thé education of
these persons can be accomplished in two ways: by adding the
natural sciences and science policy to the curricula of schools of
public administration, and by expanding the programs of engineer-
ing schools to include the social sciences and elements of public
administration.

FUNDING FOR ENVIRONMENTAL SCIENCE

With the present situation regarding scientific manpower in en-
vironmental science, where essentially all manpower appears to
be gainfully employed, funding specifically to cover the costs of
personnel in environmental science has generallymatched the need.
The total manpower, however, is increasing. Whether the influx of
this additional, needed manpower occurs through education or
through transfer from other activities, it creates new opportunities
for the funding of environmental science.

Many of the scientists who contributed to this study, however,
expressed the judgment that it is more difficult than it should be
to obtain adequate funding for facilities and specific items of
major equipment and for the logistics necessarily associated with
their use. This observation applies particularly to such matters as
oceanographic ships, specifically designed for the purpose, radars
of several types, surveillance aircraft and associated instrumenta-

42

tion, expeditions, surveys and monitoring arrangements, and many
others. One of the major achievements of recent years has been
the advent of new and powerful instrumentation that should be
brought tc bear as quickly as possible on pressing measurement
needs of environmental science. It is a poor economy to encourage
highly trained and qualified personnel to enter this field of work
without ensuring the essential tools that can help to expedite
progress.

THE ORGANIZATION OF ENVIRONMENTAL SCIENCE

The large number of specialties among the contributing sci-
ences, the small number of scientists in many of these, and the
wide dispersion of individuals among the universities, agencies of
government, and industry raise formidable problems whenever and
wherever "critical size" is required for work on environmental
systems. Research programs such as those of the IBP and GARP
require extraordinarily complex institutional arrangements among
many universities, agencies, and industries.

Types of Arrangements

Within universities the interdepartmental nature of environ-
mental science ensures an awkward relationship with discipline-
oriented research. Neither the institution nor the individuals can
tolerate excessive crossing of boundaries, and interdepartmental
arrangements usually fail to incorporate the mix that is needed
for study of environmental systems. One possible benefit on a
national scale is that different schools achieve different mixes. On
the whole, however, the total number of strong programs in en-
vironmental science is indeed small. Although the Nation has ap-
proximately 200 universities awarding doctorates in science and
engineering, none of the following areas is well developed in more
than 20: meteorology, oceanography, system-level ecology, geo-
physics, geochemistry, and hydrology.

Scientists in government are divided among State and Federal
agencies. At both levels many excellent research teams are found
that work in soil science, geology, forestry, and fisheries and wild-
life. It is fair to state, however, that most of these teams are fully
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occupied with the problems of resource development, long-term
maintenance, and protection of the public interest, Their concern
is with environmental management, and the needs are so intense
that little effort can be devoted to environmental science. Fortu-
nately, these particular areas are also well developed at many uni-
versities, where more basic aspects of environmental problems
can be pursued.

Scientists in industry, as noted previously, have flourished where
their interests are needed. Most of the Nation's research in petro-
leum geology, fertilizer processing, and pesticides takes place in
industry. More recently industry has taken the lead in the employ-
ment of scientists in the specialties of air and water pollution.
Research teams in industry can be tightly organized to work on
well-defined problems. Their major concern, of course, is with the
health of industry, and with the technological means for reducing
the societal costs to which the public and government object.

In summary, although most environmental scientists are in uni-
versities, they are divided among many schools and many depart-
ments where problems of organization are severe. Although such
problems may be less difficult in government and industry, each
has a ''critical size" of competence in only a few areas.

The end result is that ENVIRONMENTAL SCIENCE is
poorly organized. On the campus it is difficult to maintain
any organization at all. Among the Federal agencies a
duplication of effort in environmental science tends to
develop as each agency pursues its statutory mission. In
industry the emphasis is usually on traditional science
and technology. Even in companies strong in systems re-
search the fight for survival generally means contracts and
industrially-oriented research, rather than the long-term,
large-scale view of natural systems.

Poor organization has led to several penalties in environmental
science. Standards of performance vary from organization to or-
ganization and from field to field. Duplication of effort tends to
occur, even in different departments on the same campus, but more
seriously in different departments or agencies of State and Federal
governments. Finally, information systems, such as mapping sur-
veys and monitoring programs, often fail to collect the most useful
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kinds of information. Indeed many information systems are finally
designed with little input from potential users.

If environmental scientists were twice as numerous, and if the
total level of support were correspondingly greater, more rapid
progress could be anticipated in the solution of environmental
problems. For the 1970's, however, neither the manpower nor the
levels of support can confidently be expected to increase by this
large a factor. Thus, better organization emerges as the primary
means by which significant progress in environmental science can
be made within a decade.

How the organization of environmental science should be im-
proved depends strongly upon the nature of the scientific problem
itself. Here again the differences among environmental problems
must be stressed. For all of them, however, some degree of dis-
ciplinary science, applied science, technology, and institutional
change are necessary. If this is all that were involved, the recom-
mended organization would be one that is strongly problem-ori-
ented, with teams embracing each of the above aspects, combined
inmany ways inmany places, and each with a well-defined environ-
mental problem to solve. Indeed, many such efforts are already
underway as a part of the effort to improve the human environment.

There remains, however, an extensive set of problems
whose solutions require major advances in environmental
science, namely, the SCIENCE OF ENVIRONMENTAL
SYSTEMS, as defined in this report. Furthermore, any
serious program in technology assessment, environmental
protection, or environmental forecasting requires the
strength that can be developed only from the advance-
ment of such environmental science. For all of these
needs the science itself is relatively universal, in the
sense of being common to many types of problems. It is
THIS kind of science that is so woefully inadequate for
present societal needs, so difficult to organize, and so
likely to remain undone. An immediate and intensive effort
must be made to foster management organizations for
research in environmental science that facilitate team-
work, concentrate on thinly-spread manpower, and pro-
mote the conceptualization of environmental systems.
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Governments at the local, State, and national level have re-
sponded rapidly to the sense of environmental crisis, creating a
variety of new institutions. Most of these are oriented to problems
arising from pollution, or to those associated with resource allo-
cation. They are directed more to the applications of science than
to its development, and more to the solution of well-defined indi-
vidual problems than to broad-scale advances in the basic scien-
tific capability for solving such problems. These immediate efforts
are important and necessary developments if man is to improve
relations with his environment, but they are not sufficient to ensure
long-term or permanent gains.

A Federal mechanism is also urgently needed specifi-
cally to provide for the promotion and support of environ-
mental science as a whole. Such a mechanism should be
responsible for ensuring that the knowledge, understand-
ing, and predictive power concerning environmental
systems be developed in accordance with perceived
needs to solve environmental problems and to improve
human welfare. Such an activity would supplement, not
duplicate, those of organizations concerned with the man-
agerial aspects of the environment or with the forecasting
of environmental events. By being responsive to their pri-
orities, however, such a mechanism would speed the de-
velopment of the scientific tools that these institutions
require.
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Systems approach toward
nationwide air-pollution control
ITI. Mathematical models
Although there is disagreement over the many approaches
and designs of a pollution-control network, it seems inevitable that
any lasting system must have a cost-effective basis
Robert J. Bibbero Honeywell Inc.

The future air-pollution control system that is de-
scribed in Parts I and II of this article will be equipped
with sensors to monitor the current status of local air
pollution and meteorological factors such as wind,
stability, or mixing depth. The system will be fur-
nished not only with data on the location and strength
of pollution sources and synoptic weather conditions,
but with any other information needed to forecast air
quality for a period of 24 hours or more. Once these
statistics have been compiled, however, it is the job of
the mathematical model to convert the data into prag-
matic decisions for controlling the air resource.

Parts I and JI of this article (Oct. and Nov. IEEE
SPECTRUM) have already described the sensors and data-
processing procedures necessary for the success of any
nationwide air-pollution control system. Once the param-
eters have been established, however, to obtain optimum
and purposive decisions that relate to defouling the air
resource onemust turn tomathematical modeling.
The symbolic relationship between the proposed

mathematical air-pollution control model, its inputs, and
its outputs is diagramed in Fig. 1. The model is needed
in order to synthesize all of the known or assumed causal
information into a meaningful pollution forecast.
Knowledge of the status of receptors those people and
things affected by air pollution-permits prediction and
display of the effects.
Whenever fhe refinement is justified, a mathematical

model may also be used to facilitate the optimizing of
control actions, through simulation, in order to evaluate
the effects of alternate means of source control. Introduc-

tion of cost factors permits this evaluation to be on a cost-
effective basis. If the model is not hopelessly complex, the
decision process may be mechanized through linear
programming routines. Decision simulation may proceed
in real time or decisions may be predetermined off-line.
To act in these capacities, the model must be imple-

mented in real time; that is, a solution must be obtained
sufficiently in advance of the predicted effects to take
corrective action. In the case of real-time simulation for
control decisions, even more lead time is called for.
Considering the complex causes and relationships that
generate air pollution, a computerized model is strongly
suggested.
Figure 2 states in more detail the input-output relation-

ships of the model and suggests, qualitatively, its internal
structure. The model may be entirely or partly empirical,
based on statistical correlations (regression), or it may be
analytical and derived from explicit physical relation-
ships. A simple empirical model might be the correlation
between degree-days (a measure ofmean temperature for
heating purposes) and SO, concentration averages.
Generalization of this kind of relationship to places or
time periods other than those for which the correlation
was made would be very suspect because of the many
other factors (e.g., ventilation, topography, fuel) that
could influence the ambient sulfur concentration. This is
true even if the correlation for a particular community,
season, and averaging period is quite high. Nevertheless,
such relationships at a given time may be the only kind
that are available, as is now true for photochemical
oxidant prediction. Such statistical relationships, if
properly validated for each locality and intended use,
comprise a valuable predictive tool.
Anelementary analytical and physical model represent-

FIGURE 1, Air-pollution contro! model.

Meteorology

Pollutant

Source data

4

Pollution forecasts
Mathematical modal

Data:
: : :

: :

: 'a forecasts :

Ls
: : : : :

I

Simulation

1
assumptions

Effects

ControlSources

IEEE spectrum DECEMBER 1971 47



Variable data Fixed data Effects

Background concentration Local topography Receptors
Types

Current pollution status Geography Distr but on

Forecasts Source geometry Sensitivity

Insolation 5 minutes

Other Day
Month

Synoptic weather data Model types Year

Source strengths Emp r cal Synergy
Calculated

Analytic \_ Other effects

Ventilat on
Stability

Trajectory submodel
Streak lines

Reaction submodel
Thermal
Photochem cal

FIGURE 2 The input-output relationships of a mathematical model

ing gaseous diffusion from an area source (which may be a
city with many closely spaced houses or buildings burning
fuel) 1s shown Fig 3 The "box" model 1s considered to
enclose the city, bounded by the ground (earth) as 1ts base
and the height of an assumed muxing Jayer Z (which may
be fixed by a temperature inversion) as its top Within the
box, mixing 1s assumed to be thorough The box itself 1s
considered to be of unt width and onented so that its
length S hes m the direction of the wind, which passes
freely through its ends with an average velocity nu The
ventilation rate, defined as the volume of air passing
through a unit width of the box, 1s then equal to uZ If Q
1s the area source strength, or the mass emussion rate per
unit area, then QS 1s the rate for a unit width correspond
ing to the ventilation rate With some mathematical
mampulation, it can be shown (R C Wanta, Ref 1, vol

FIGURE 3 Area-source "box" diffusion model

Ground

1, pp 216-217, also Ref 2) that the equilibrium concen-
tration X, of a gaseous pollutant in the box equals the
emission to ventilation ratio, or

(mass per unit volume) (1)

using any consistent units Also, 90 percent of the equilib-
rium concentration 1s reached within a certain time, 2 3

S/u For particulates, which settle with tume, these expres
sions must be modified accordingly
The box or prism model may be used for rough order-

of magnitude assessments of a city's pollution concentra
tion, using approximate numbers for mixing height, wind
vector, and source strengths On the other hand, it 1s far
from answering the primary question asked of a mathe
matical model ''What will be the pollutant concentra
tions at any poit in the air quality region, given all the
data on sources and meteorological conditions"' In
theory, a complete answer to this question can be given
only by continuously tracking the pollutants emutted from
individual sources and computing the concentration of
each species at every point as they are transported by the
wind, spread_by-diffusion, mixed by turbulence, and
reflected or channeled by surfaces such as the ground or
buildings The basic consideration of mass continuity in

describe thé"tum varying changes the concentration
field The ptoblem much hike that of trying to describe
the changing intensity of a soluble dye at every point after
it 1s dropped into a swirling, turbulent brook, except that
1n our case we must also account for the chemical decay of
each species with time and their reactions to each other
The basic equations have been given 1n several places

(Ref 3, pp 176-177), and after a number of simplifica
tions, which neglect the small rates ofmolecular diffusion
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as compared with the much greater turbulent eddy diffu-
sion coefficients (K;, K,, and K,), we are given an expres
sion of the form

0c,

oz oz

In this expression, C; 1s the tume-averaged concentration
of the species 7, u(z) 1s the average wind velocity at height
Z, and R; represents the rate of production of z by chem-
ical reactions between species
Since the chemical reaction term RC, > Cn) 18

usually nonlinear, most solutions to Eq (2) have been
limited to inert components, where the term equals zero
Even with this stringent limitation, exact solutions of (2)
have been difficult to amplement because of the serious
problems defining the diffusion coefficients Kz, Ky, Kz
The difficulty 1s that the K's depend on the size and ve-
locity of turbulent eddies, and these in turn depend on so
many factors and interactions that they become very
complicated functions of their positions in the field
Many assumptions for K values have been made by
numerous sources' and applied to Eq (2), but few have
successfully solved the atmospheric diffusion problem
other than for highly simplified situations
Useful attempts have been made to circumvent this

difficulty by utilizing the statistical properties of turbu
lence, rather than employing a purely analytical solution
Themost popular scheme is to assume that the plume on a
single species of effluent (neglecting any chemical reac
tion) from each source spreads out randomly as it 1s

blown downwind, so that the pollutant concentration
along any axis across the plume's cross section 1s dis-
tributed according to the familiar Gaussian or bell shaped
curve This situation 1s illustrated in Fig 4 The expres-
sion that describes this distribution 1s a form of the so
called Sutton diffusion equation (G H Strom, in Ref 1,
vol 1, pp 254 256) Given the standard deviation of
concentration in the vertical and horizontal directions (the
value of the vertical standard deviation o, 1s usually larger
than the horizontal, ,), the equation can be solved for the
ground level concentration C of an inert pollutant at any
distance y from a source of virtual height 4 (The virtual
height includes the thermal rise of the plume above the
stack top', Q and u have the same meaning as before )
Hence,

An astute reader will observe that we have merely
traded the problem of determining the diffusion coeffi-
cients K for the similar problem of evaluating the new
statistical variables , and , However, a number of field
studies have been conducted, resulting in expressions
capable of defining the standard deviations in terms of
diffusion parameters, which in turn depend on the sta
bility (lapse rate) and mixing depth as well as the gustiness
of the wind These factors will vary, of course, as a func-
tion of the terrain Although rather extensive evaluation
has been conducted at Brookhaven National Labora-
tories (where the ground 1s somewhat fiat and wooded) as
well as in the rolling country of Porton, England, the
terminology used to describe stability and the numerical
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values obtained have not been 1n perfect agreement (see
Strom, pp 256-257) Thus there 1s still aproblem 1n finding
the correct numbers to put into the diffusion equations,
and it would be expected that the diffusion parameters for
cities would be very different from those for exurban sites
Despite these difficulties, diffusion models have been

useful One well established use has been to compute the
maximum concentration of pollutants at any point on the
ground, downwind from a stack Equation (3) can be
manipulated to give this result If the statistics o, and oy
are the same functional form of the diffusion parameters,
the expression 1s

OC: 0
z

oy
+ uz) VC = - K,

Ox Ox
+

W nd Concentrations
Turbulence Source distribution

Max ma + - K, + RAC, > Cn) (2)
Lapse rate Averages

Prec pitation 1 hourMathematical model

20
rueh* a,

(4)

where 1s the base of natural logarithms
For settleable particulates, these equations must be

modified Furthermore, the role of chemical reactions,
which is of overriding importance in the case of photo
chemical smog, has been neglected in the simple forms
shown
At this point, we should examine the results of some of

the applications of these diffusion equations Much suc
cess has been achieved using the Sutton equation and tts
variants to locate and design stacks for industrial power
plants Diffusion models have also been used routinely by
NAPCA (now APCO) to determine the average distribu
tion of pollutants in urban areas and to establish air
quality control region (AQCR) boundaries Moreover, at
Jeast nine separate tests ofmodels have been conducted on
a more rigorous scale :m various cities These have been
reported 1n detail in papers by Wanta (Ref 1, pp 220-
223) and Seinfeld (Ref 3, pp 178 184) In most cases,
Eq (3) or a simplified version of it comprised the basic
model On the basis of source and meteorological data,
future concentrations were predicted for the pollutants
SO., NO,, and CO or CO, m some cases The only chem-
ical reaction considered was the decay of SO, Generally,
the resolution of the model in space measured a kilometer
or more and, in terms of time, from 1 or 2 hours to a
month Under these conditions, Pooler* in 1961 was able
to predict half of the monthly averages of SO, at 123 sta
tions Nashville, Tenn , within a factor of 125 In 1964,
Clark refined the time scale to 2 hours and was able to
predict 24-hour averages of NO, at 14 of 19 stations in

Cmax =

Current

Control measures D ffuston submodel
Convect on

Qs

FIGURE 4 Gaussian diffusion from point source
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Cincinnati, Ohio, to within 0.02 ppm. Turner? reduced
this error by half 58 percent of the time using Eq. (3),
and in 1967 Koogler was able to report 90 percent of
8-hour SO, averages correctly within 0.01 ppm, employing
the same model. Perhaps the most extensive tests of the
Gaussian diffusion model have been conducted by
Miller and Holzworth® in three different cities, with 2-
hour-average predictions at an accuracy comparable to
Koogler's.
Considering the coarseness of the input data and the

resolution obtained, these results appear quite promising.
Nevertheless, they are severely limited by their inability to
account for the time variation of source strengths and
their limitation to simple sources and inert contaminants.
In the most ambitious model used to date, Lamb® in 1968
returned to the diffusion equation, a special form of Eq.
(2), and applied it to compute CO concentration at 1200
grid points (as close to each other as 200 meters) for a
single day in Los Angeles. Lamb's model utilized simple
chemical reaction rates and included absorption of com-
ponents by the ground. His point, line, and area sources
were variable in space and time. Stability (inversion
height) and the K values of Eq. (2) were considered con-
stant. In the numerical solution of Lamb's integral equa-
tions, the sources were considered to emit a puff of pollu-
tant at each time step: these puffs were dispersed by the x,y
components of surface wind computed at each grid point,
and followed until fully dispersed (Ref. 3, pp. 178-184).
The effects of all these dispersed emissions were then
totaled to obtain concentration as a function of time and
location.

FIGURE 5. Maximum daily oxidant as a function of morn-
ing hydrocarbons. (Courtesy Journal of the Air Pollution
Control Association)
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The model's predictions did not correlate perfectly With
measurements at various stations. Its faults have been
ascribed to lack of a vertical wind component, givingconcentrations too high at the convergence of trajectories
and results too low during the afternoon, suggesting an
influx of sources from outside of Los Angeles. In order to
improve this model substantially it will also be Necessary
to include nonlinear chemical-reaction terms (Ref. 3, pp.
178-184). It has been reported that such amodel is under
development at Systems Development Corporation under
the sponsorship of APCO.*°
In practice, chemical reactions in the atmosphere have

been taken into account by means of the purely statistical
or correlation models mentioned previously. In general,
the polluted air mass over a city is unstable chemically as
well as physicaHy. Both thermal and photochemical
reactions between atmospheric contaminants occur.
Thermal] reactions include the formation of acid mists
from SO, (catalyzed by oxide particulates) and salts from
acids and metals, etc., some ofwhich may be promoted by
the surface effects of particulates. The most troublesome
reactions are photochemical. These result in the produc-
tion of oxidants through ultraviolet irradiation of certain
reactive hydrocarbons mixed with nitrogen oxides.
Laboratory studies of polluted atmospheres have given

sufficient information about these reaction rates to con-
struct a simulation model. But, as noted previously, it has
not been possible to integrate this into an analytical
diffusion model. However, it is known that an empirical
relationship exists between the concentration of hydro-
carbons (nonmethane) in early morning hours and the
maximum hourly average oxidant concentration that
may occur later that day. Since it is also known that
many other factors, such as nitrogen oxide concentration,
sunlight, and meteorological ventilation, can and do
intervene, the relationship between these two factors is a
statistical one,!! as seen in Fig. 5. Though limited and
unsatisfactory, such data may be put to use in a negative
way. That is, given the morning hydrocarbon reading it
can be predicted that the maximum level of oxidant will
not exceed some upper limit, defined by the limits plotted
in Fig. 5.
Furthermore, the data can bemanipulated to express an

air quality standard. If the maximum allowable daily one-
hour-average oxidant value is 0.1 ppm, for example, then
the 6-9 A.M. average nonmethane hydrocarbon concentra-
tionmust not be allowed to rise above 0.3 ppm.

Requirements for data processing
Ultimately, we hope to solve mathematical models

similar to that described by Eq. (2) in sufficient detail to
permit forecasts of air pollution within urban regions.
These forecasts must be computed rapidly if the informa-
tion is to be usefully applied to preventive control and
management ofpollution sources. Even if we know the K
values, the chemical reactions and their rates, and the
characteristics of wind and turbulence around urban areas
and buildings, the simultaneous numerical solution of the
many partial differential equations is formidable.
Though we do not know the exact nature of the ultimate
model or what simplifications may be introduced, it is
legitimate to ask what order of processing capability may
be demanded.
If the Gaussian diffusion model represented by Eq.

were to be used, this question could be answered with
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some confidence. Turner? computed 24-hour forecasts for
Nashville with thismodel, employing 2 minutes of time on
an IBM 7090 machine. It is possible to scale his methods
to a hypothetical area the size of New York City by
assuming 200 grid points rather than the 99 used for
Nashville, four topographical levels instead of one, and a
doubled time resolution. This yields a progressing time
multiplier of 16. The IBM 7090 cycle time is 1400 ns; a
typical modern minicomputer such as the Honeywell
DDP-516 cycles at 960 ns, a 1975 mini may cycle at 750
ns, whereas a large 1975 processor may cycle as fast
as 40 ns. Of course, it is not possible to compare the
processing time of "benchmark" problems by cycle
time alone, since the total machine architecture and soft-
ware organization equally influence this parameter. But if
we assume that all these factors vary proportionally, the
processing time for the hypothetical New York City pre-
diction problem would be

Present minicomputer
(e.g., Honeywell DDP-516) 22 minutes

1975 minicomputer 17 minutes
1975 large processor <1 minute

Assuming the ability to compute predicted pollution
concentrations, the next step is to compute optimum
contro] measures by evaluating alternate control strat-
egies. An approach to solving this problem has been
made by applying a linear programming routine.!? This
was applied to a model of the St. Louis air shed and
allowed 200 control measures (such as fuel switching, leaf
collection, automobile and process controls, etc.} to be
applied against the constraints of availability, maximum
effectiveness of each measure, and total requirements for
pollution reduction. The model accounted for the five
major pollutants and a large number of sources (un-
specified in Ref. 12). The output of the computation was a
set of control methods that eliminated the desired weight
of pollutants from the air shed, at the least total cost.
Although this model is useful as a tool for air-pollution

control and is simple enough to be applicable generally to
other air sheds, it does not contain enough detail to
determine localized or neighborhood effects or to solve
short-term problems. Correction of all these limitations
would produce a much larger and more sophisticated
model. The present one was programmed for an IBM 360
computer. Although the running time was not given, it can
be guessed that an optimization problem might run to the
equivalent of 100 iterations of the Gaussian diffusion
model. On this assumption, the resultant running time for
the assumed 1975 large processor discussed will be of the
order of 144 hours. It is probable, therefore, that optimum
solutions for various hypothetical pollution situations
will be predetermined and stored for future use, or that
suboptimal shortcut procedures will be developed.
The computation picture based on solutions to the

inert Gaussian diffusion equations may be far too op-
timistic if the analytic diffusion model is implemented.
Anestimate?® for one such complicated model runs to one
hour computing time per day of forecast on a large paral-
lel processor such as Iliac IV. Although machines of this
power might not be in abundance in 1975, they will
certainly be available and it has been suggested that one
may be time-shared; thus one machine can service 20 or
more cities. !4
The need for real-time data has been discussed earlier,

Bibbero-Systems approach toward nationwide air-pollution control

but before concluding this section, it should be conceded
that opinion on this subject, relative to existing monitor-
ing networks, is by no means unanimous. Mitre Corpora-
tion recently completed a study of this topic based on
interviews with federal and state air-pollution officials. 15
It was found that only 28 percent of them believed it
necessary to have a national monitoring network capable
of reporting in less than 6 hours, whereas 62 percent
thought it necessary at the regional! and local level. Those
in favor of real-time data cited episode and source control
as their primary needs, mentioning medical (alerts to
hospitals and patients) and industrial accident control as
well. Those opposed to rapid air-pollution data dis-
semination apparently believed so because of the lack of
effective control action that can be taken in a short time,
especially at the federal level. Since this attitude realis-
tically reflects the situation in many cases, it can be ex-
pected to change as the legal and technical steps for
source control are taken.
Even in today's networks, however, the study conceded

the need for telemetering of warning signals (high concen-
trations) from remote, unattended stations and the need
for large processors to manage data at central stations. It
also foresaw the need for data exchange between local
networks to combat interregional or national pollution
transport, and for this reason a uniform data format
compatible with the federal climatological network is
recommended. (SAROAD is such a code.)

Source contro! and abatement
At the operative end of the nationwide air-pollution

system is the source-control subsystem, and its ultimate
technical objective is to correct the predicted adverse
trends in atmospheric pollution. The word "control" is
used here in two senses, meaning both the legal emission
standards and ordinances reflecting the social power
over pollution-emitting sources and the physical devices
that actully reduce emission. We shall discuss mainly the
concepts and means of implementing the legal standards,
including measuring devices at the sources to see that
these controls are enforced.
Although the physical controls are of immense technical

and monetary interest to industry, representing perhaps
90 percent of the funds that must be expended to clean the
air, they represent little that is not well known. Much of
the expenditures for air-pollution control will go for such
mundane devices as bag filters, cyclones, gas scrubbers,
and absorbers. Electronic precipitators for removing
particulates, especially, are immensely expensive, as
mentioned earlier, and of somewhat greater technical
interest, but have been used since the beginning of this
century. Tall stacks, of course, do not reduce total
emissions, but according to Eq. (4) they will reduce the
concentration of ground pollution by the square of their
height; however, they are no less expensive, costing from
$3000 to $7500 per meter. The greatest area for innovation
may be actual changes in the pollution-causing processes
themselves. If materials can be used more efficiently or
recycled, the end result may be a saving rather than an
expense to the manufacturer. 1617
Legal control may be exerted prior to or following the

establishment of a man-made source of air pollution.
Physical controls and tests to prove the ability to meet
emission standards may be required as a prerequisite for
construction or operation. Once a source is permitted to
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Ringelmann Width of black lines Width of white spaces Percent line with the regional air quality standards by continual

20 Little or no control can be exerted over stationary air-
9

4 5.5 4.5 80 Ideally, air-resource management starts with com-

as transportation; zoning for industry, commerce, or

reservation-should be considered in planning to meet

the local background of contaminants should be made
means of measuring particulates

of population, increased automobile use, location of new

transportation meth

expected values of pollution with current land usage can

No. 1 No. 2
and stack height, there is a combination ofwind direction

FIGURE 6. The Ringelmann chart. (Courtesy Academic
Press)

FIGURE 7. Process-weight emission rule for particulate
emissions. (Courtesy Chemical Engineering2*)

{Eq. (4)]. This concentration can be numerically set equal
to the desired air quality in order to obtain an emission
standard for this stack. In the case of several large and
many small sources, the problem of allocating the total
emission may become very complex, but this is precisely
the basic problem of fairly dividing up use of the public's
air resource. (Croke and Roberts,!* for example, have
suggested emission standards based on land area owned,
rather than by individual stack or industrial plant.) A
computer program that has for inputs the yearly inven-
tory of source strengths and a long-range analysis of
meteorological variables, with the capability of com-
puting the time and place ofmaximum pollution, has been
suggested by Stern (Ref. 1, vol. 3, p. 620). The program
would then print out the contribution of each source to
this "worst pollution day" and permit allocation as be-
fore.
The means by which the sources in a region can

control their emissions to predetermined maximums may
be optimized from a cost standpoint by the use of linear
programming models and similar economic models dis-
cussed earlier. Studies of this nature will lead to a rational
basis for land-use and zoning decisions, and for rules
governing construction permits and licenses. Where local
interests conflict with quality standards based on public
health and welfare, an educatienal program or interven-
tion by a higher political entity, through the imposition of
state or federal emission standards, may be required.
Likewise, these may be necessary in the event of pollution

control of sources, though accelerating, is still very
inadequate and spotty. Nevertheless, patterns of source-
control regulations have been established in those areas
where they have been pioneered, and it is believed that
new regulations for stationary sources will continue to
follow these trends.
Particulates. Regulations for the control of particulates

have been based on four different concepts: opacity,
concentration, process weight, and emission potential.
The classic standard that is applied to the control of

black smoke, and the only regulation in many commun-
ities, is that of the Ringelmann chart, first introduced in
1897 (see Fig. 6). It is a subjective measure, performed by
visually comparing black smoke plumes with four cross-
hatched charts exhibiting various proportions of black
line width to white spacing. The charts are stationed at
such distance as to merge the black lines into a uniform

gray. The basic concept was expanded, first in Los
Angeles, to include the "equivalent opacity" of white and
colored plumes, a comparison that is even more sub-

jective. Nevertheless, it has been possible to train in-

spectors to agree within a half Ringelmann "number,"
and the method is still firmly entrenched in enforcement

practice despite its obvious shortcomings.
Other particulate regulations specify the concentration

(mass per unit volume) of effluent gas. These are based on
a "model smoke ordinance" developed by the ASME in
1948. Typically, the limits range from 0.2 to 0.3 grain per
standard ft? (7-10.5 per m*) (at 60°F and 1 atmosphere),

Some emission standards are combined with a design

standard, such as stack height or adjusted height (cor-
rected for temperature of flue gas). Stack height criterions
result from the diffusion models discussed earlier. Other

regulations control emissions indirectly by specifying fuel

standards; for example, the volatile content of coal, the
olefin content of gasoline, and the sulfur content of heat-

ing fuels.

No. 3 No. 4 the ground concentration of pollutant will be greatest
lated vehicle emissions. ?! least three continuous SO, analyzers and one recording

Source testing and monitoring
If, in the long term, the application of air-pollution

controls to old and new sources is the response of the
national system to intolerable ambient levels, then source

testing and monitoring represent the feedback that closes
the control loop. Source emissions are tested by the plant
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Chemical Engineering?)

w
o

oO

Class 8

Class A

F flyash carbon imestone acetit and NHy
Fig 7 Itcan be seen that permissible emissions under this

The concept of control of both gases and particulates by

access, form the rationale for approval of construction
permits. At this time, the data base for a source-emission
inventory is established. A data bank, which may or may Average emission-rate potential, kilograms/hour
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governing construction permits and licenses. Where local
interests conflict with quality standards based on public
health and welfare, an educatienal program or interven-
tion by a higher political entity, through the imposition of
state or federal emission standards, may be required.
Likewise, these may be necessary in the event of pollution

practice despite its obvious shortcomings.
Other particulate regulations specify the concentration

(mass per unit volume) of effluent gas. These are based on
a "model smoke ordinance" developed by the ASME in
1948. Typically, the limits range from 0.2 to 0.3 grain per
standard ft? (7-10.5 per m*) (at 60°F and 1 atmosphere),
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FIGURE 9. Ambient ground-level limits on gaseous emis-
sions. (Courtesy Chemical Engineering??)

operator or by a control agency for many reasons:
survey, licensing or inspection, checking the efficiency of
collectors, monitoring process malfunctions or accidents,
compliance with legal standards, or for record. Such
monitoring is now usually accomplished in the stack, byroof monitor, or at other effluent locations. Control
agencies may, in addition, monitor or test sources with
in-stack or remote sensors to answer complaints or to
detect violations. In connection with alleged offenses, the
method must meet local legal criterions.
Source testing must take into account all the technical

problems of obtaining a valid and representative sample.
Pertinent factors include cyclic or random fluctuations of
the effluent, both in quantity and composition, and physi-
ical or chemical instability of the sample. Each problem
must be solved in the context of the particular process,
plant, and installation. The temperature and the dew pointof flue gases are significant. In general, particulates pose
greater sampling problems than gases because of ag-
glomeration and variations in particle size.
Flow rates, as well as composition, directly determine a

plant's contaminant emissions. Flow measurement by
means of Pitot tubes in ducts and stacks must cope with
plugging by particulates. Locations of sample or duct
traverse points must follow good practice for these in-
struments. Because of the dirty, hot, or corrosive nature of
effluents, special sampling equipment must often be
designed. Probes and nozzles may have to be heated to
prevent condensation of the sample before reaching a
collector. In sampling particulates 3 um or greater in size
care must be taken to sample "isokinetically" ; that is, to
match the velocity of the sampling nozzle with that of the
gas stream. Otherwise, an imbalance of heavy or light
particles enters the nozzle.

Accurate sampling of a large duct, ensuring the
proper number of sampling points, changing nozzle sizes
for isokinetic conditions, flow metering, and so forth,
can take 10 or more man-hours per trial. The samples
so collected must be tested in the laboratory, which in-
volves additional time and expense. Therefore, approxi-
mate or automated methods are indicated.
Continuous analysis is required to meet the more

Stringent regulations. The time constants of analysis
equipment such as the.SO, conductimetric monitor are
short enough to gather real-time data for the guidance of
operators. Photoelectric monitors installed in the stack
give the same kind of information for particulates. On the

other hand, some monitoring equipment, such as tape
samplers, requires a definite sample period and average
over this time lag. Monitoring devices relying directly on
pollution effects may have very long time constants;
examples are lead sulfate candles, lead acetate tiles, rubber
strips, paint, and metal. These may take months or a year
to measure contamination.
In general, the stack-mounted analysis equipment in

current use is similar to the air quality monitoring equip-
ment discussed earlier, except that the former measures
higher concentration ranges. Wet-chemical analyzers,
including both photometric and conductimetric systems,
are used for SO, and H2S. Flame photometric techniques
are also used. Carbon monoxide is monitored by non-
dispersive infrared instruments; particulates, by photo-
electric and infrared opacity meters and tape samplers.
Recorders, and sometimes level alarms, are usually
incorporated in these instruments.
A novel method of stack sampling for SO, is the cor-

relation spectrograph, mentioned in Part II asa long-path
sensor. The instrument measures the intensity of the
ultraviolet spectrum of stack gases sampled by a slotted
tube in the stack, comparing it with a photographic mask
of the SO, spectrum. The photocell monitor is calibrated
to read in parts per million, and is protected from the flue
gases by means ofan air curtain.
Although modern photoelectric and spectroscopic de-

vices may solve many of the problems of source monitor-
ing, equipment capable of reading stack-emission com-
positions at a distance is even more attractive. In this way,
not only are installation and sampling problems ob-
viated, but the possibility of time sharing as well as
portable application for law-enforcing agencies is intro-
duced. Remote-reading stack monitors are by no means a
new idea. The Ringelmann smoke chart is a remote
comparison device, and several other portable visual
smoke guides and viewing devices are available.
To replace visual particulate measures, a pulsed-laser

instrument (lidar) has been developed by the Stanford
Research Institute and is undergoing evaluation. The
Mark V acts similarly to radar, utilizing a pulsed, Q-
switched ruby laser with a beam width of 0.35 mrad.? 3

Reduction in light backscatter due to the smoke plume is
the measurement criterion, since the echo is a function of
particle size and color as well as concentration. More
advanced lidars have been built and tested.
Active, single-ended, spectrographic devices, not de-

pendent on sunlight as a source, are being studied. The
infrared backscatter instrument has also been mentioned
another concept monitors emission spectrums from hot
stack gases by means of a spectrophotometer. Raman
spectroscopy is being investigated for stack monitoring, as
referenced earlier. The difficulty with these remate sys-
tems at present, aside from the need to prove their feasi-
bility, consistency, and acceptability as legal standards, is
their cost and complexity. Less spectacular remote means,
including time-lapse photography, are coming into use
pending further developments.
Another requirement would involve a simple means to

track down violators of pollution regulations and to
locate offending sources. Tracking small windborne
balloons at night, when an odor plume travels under an
inversion, is one technique. The tracker must first locate
the point of strongest detectable odor, release and track
the balloon, and record the wind direction. Two or three
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such measurements can pinpoint the odor source by tri-
angulation. More direct means, such as the remote sensors
discussed, are clearly desirable.

Short-term and episode control
Federal law requires AQCR plans to provide adequate

authority to deal promptly with emergency air-pollution
conditions, and some areas have so defined alert concen-
trations and procedures. The governors of most states
have the power to take action in the event of dangerous air-
pollution episodes. Alert plans call for action to be taken
upon observing high concentrations of certain pollutants
or combinations for as little as an hour or even less (see
Table 1) The designation of greatly increased numbers of
air quality regions and implementation of their approved
plans implies that a large number of areas will have the
capability to respond within hours or less to transient but
dangerous air-pollution levels.
In the present stage of development of the national air-

pollution control system, however, the pace is generally
much more leisurely. All regions have not implemented
alert plans. The need for rapid transmission of air-moni-
toring data to a central data center is minimized or even
doubted by some officials, as has been discussed. There
have been, fortunately, few episodes in this hemisphere
where widespread fatalities and illness can clearly be laid
to air pollution, so that no "clear and present danger"? is
generally feared.
Nevertheless, the factors referenced in Part I of this

article, including increased population, greater industrial
activity, and more automobiles, are pointing to higher
levels of contamination concentration over a longer-term
period, while the criterions, especially those based on
health effects, move toward recognition of lower levels of
tolerance.?4 (It is allowed that a temporary respite,
perhaps through 1980, may be obtained by stringent en-
forcement of federal automobile and stationary-source
controls. Perhaps by that time we will achieve more basic
means of restraint.) Consequently, potentially dangerous
episodes should become increasingly prevalent through
both increased base concentration levels and statistical
fluctuations, as well as by more rigorous definitions. It
follows that the mature national air-pollution control
system shall have a fully developed capability to predict,
detect, and react to dangerous air-pollution concentra-
tions, acting within a time scale ofhours or fractions of an
hour.
In addition to this capability, which will be designed to

combat the rare, natural coincidence of source-strength
fluctuation and unfavorable weather, the high-speed
response of a monitoring system will be effective against
industria] accidents and violations of control regulations.
The quick-reaction system envisioned will depend very

I, Alert stages for toxic air pollutants-Los Angeles County (parts per million)
Gas 1st Alert 2nd Alert 3rd Alert

co 100 for 1 hour 100 for 2 hours
200 for 44 hour 200 for 1 hour 200 for 2 hours
300 for 10 min 300 for 20 min 300 for 1 hour

NO, 3 5 10
SO, 3 5 10
Ozone 0.5 1.0 1.5

much on high-speed data-processing equipment and
refined mathematical models that will permit prediction
and prevention of dangerous concentrations, not merely
their detection after the fact. FFurthermore, the system will
depend on a more widespread network of monitoring
instrumentation than is currently deployed (Ref. 24, p.
38), and may utilize continuous central monitoring
sources through permanently installed telemetering and
measuring instruments as remote-acting stack monitors.
Equally important, a quick-reaction system must have a

fully developed command and control structure in as real
a sense as that of a military air-defense system. Informa-
tion must not only be collected, but displayed without
delay to personnel capable of making rapid decisions
(with computer aid) on the course of action that will avert
the predicted emergency.
It is understood, then, that although some portions

of the envisioned system may now exist in the more
highly developed air quality control systems, both here
and abroad, all the necessary components do not and
cannot exist until further research and development are
carried out. An outline of the functions of such an ideal
system is presented in Table II. These can be compared
with the characteristics of some existing systems de-
scribed in the next section.

€ are permitted for 0.05 hourS 16

0.8 Violation

or less are permitted for
Concentrations of 0.2 ppm

0.4 Permissible 2% UNlimited period

0 1 2 3 4 5 6 7 8 9 10

Current system status
An overview of some continuous aerometric networks

currently being used and developed by state and local

il. Outline of quick-reaction system functions
1. Alert decision
A. Resulting from predictions of probable dangerous pollutant

levels, a decision is made to exert control over emission sources.
(Note: Existing systems (e.g., Los Angeles) alert on the basis of cur-
rent rather than predicted levels, plus meteorological forecasting of
pollution potential in the New York-New Jersey area; see Table I.]
B. Requirements for decision function are
(i) Prediction model.
(ii) Law and doctrine.
(iii) Display of current and predicted levels, including meteor-
ology and geographic display.
(iv) Mobilized command and control organization.

2. Tradeoff decision
A. Objective is to determine the least costly effective contro! action.
B. Control actions available by law to the control team are

(i) Point source abatement or shutdown.
(ii) Stationary area source abatement (heating, process com-
bustion, open burning, etc.).
(iii) Mobile source abatement (e.g., auto traffic diversion or re-
duction).

C. Determine the minimum cost objective according to the cost-
effectiveness model or doctrine.
3. Command and control
A. Objective: to exert control over emissions.
B. Requirements:
(i) Data central and status display.
(ii) Personnel who are authorized to take competent action.
(iii) A communications net to controlled sources. Also a public
information net to control area emissions, give out information,
etc.

4. Feedback
A. Quality monitoring and trend prediction.
B. Violation detection.
(i) Patrol with mobile remote sensors.

C. Source instrumentation and telemetering.
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lil. Continuous aerometric methods Allegheny County Los Angeles Rijnmond
(Pittsburgh) Chicago County New York City Philadelphia (Rotterdam)
1100 km? 650 km? 1035 km? 520 km? 325 km? 325 km?

1.6 6.2 6.9 11.4

monitor/control/ monitor/alert/ monitor/alert/ monitor/alert/ monitor/alert alert/contro!
historic data control control criterions/hist.

7 1(SO.) 6 3(5) 6 1(S0.)
4 2 4 3 [total] 2

3 15 demand or 1 hour 5-30 5 1
5 min 15 min 1 hour 5 min-4 hours 1 hour

7{18] 8 12 10[30] 6 31

0.02 0.03 0.003 0.05 0.05 0.25

topography/large topography/ pop. density/ diffusion model/
sources industry/pop. geography sources

digital/voice line digital/TTY line digital/wire + analog (PWM)/voice analog/voice analog (PFM)/phone
microwave line line (120 Hz)

IBM 1801 CPU PDP-8 Philips P-9201

printout (reads red printer [CRT] real-time graphic, TTY printer printer
over standard) hourly printout

COH-met. regres-
sion model

[2~24-hour fore-
cast diffusion

analytical statistical (mean
diffusion model deviation)

System New York State Pennsylvania [Planned] New Jersey Delaware

Coverage [725 linear km] [10 air basins] [State] [State]
6 Population (X10)

Variables: Chemical 8 7 10 7

& 8 5 7 2
w
% Poll interval (minutes) 15 1 3

Basic averaging time 15 min. 1 hour 15 min 15 min

Sample density

& Site design (primary geography/pop. levels diffusion model/10 air basins
criterions)

Data transmission digital/dial-up line digital /leased voice line analog

Data processor B-3500 Spectra 70 + control computer Spectra 70-45 +
PDP-8

S<
Mathematical models:

Control optimizing

f Alert criterions S0./CO/particulate
levels

:

8 8 procedure

> Emission inventory [computerized]
3.8

Data-excha nge format

References 25 26 27 28

model development criterions= ajor system objectives monitor/alert/criterions monitor/alert/criterions/contro!/ monitor/alert/

Meteorol

Number of stations 11 [50] 1 [25] 18+ 3 mobile 4

(stations/2.6 km?)

CRT + TTY graphics map + printout printout printoutDisplay

Note: Square brackets signify plans or goals.

air-pollution control activites will give some idea of how
far we are along the road toward a nationwide monitoring
and control function. This survey will disregard the
National Air Sampling Network (NASN) and the
Continuous Air Monitoring Program (cAMP) of the
federal government, despite the fact that these are
nationwide, because these projects are intermittent or
limited in scope. (CAMP has only six stations in as many
cities and is intended to provide historical and research
data, rather than to serve the "real-time" needs of public
information and source control.)
Several typical state and local continuous monitoring

networks are described in Table II, with the Rijnmond
(Rotterdam) network, developed for the Netherlands
government, included for comparison.
Network characteristics can be conveniently broken

down into four groups for purposes of this tabulation.

These are the network mission, the sampling design, the
data-handling methods, and the control action decision.
The actual performance of control activities, such as fuel
switching, are not part of the aerometric network, but the
compliance of sources on a legal or voluntary basis is, of
course, essential to the entire undertaking. The network
may also take on supplementary functions, such as stor-
age of source-emission inventories and of data in stan-
dardized format (sAROAD) for nationwide exchange.
The objectives of the networks are reasonably con-

sistent. All have, as one goal, monitoring for unhealthy
concentrations, which is not surprising in view of the
requirement to establish an alert procedure in order to
qualify for federal funds. (Most network funds, for
example two thirds of the city of Philadelphia's total, are
derived from the Federal Clean Air Act.) There is a

strong tendency to spread out the objectives to longer-
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model]
Lis) Episode prediction [diffusion models]

[optimizing short-
and long-term
model]

meteorology forecast $0.(0.30 ppm), 48- 03/CO/SO./NO,
+ $0./CO/

particulate levels
hour stagnation

meteorology forecast
+ SO./CO/ + SO,

particulate levels

meteorology forecast

source abatement fuel change or
shutdown

3-stage alert
(burning, traffic)

3-stage alert source curtailment

[computerized] large sources major sources known
[computerized]

SAROAD SAROAD NA

29, 30 31, 32 33 34-37 38, 39

range items, such as criterions or mathematical-model
development, to help justify expensive data processors.
In measurement and sampling, there are two schools of

thought. One utilizes SO, as a "tracer,"' or index of gen-
eral pollution, whereas the other finds it necessary to
monitor individual chemical variables. Those relying on
SO, are either less concerned with automobile-derived
photochemical smog or anticipate a strong correlation
between pollution components. This difference is also
reflected in the number of meteorological variables con-
sidered necessary.
The most striking inconsistency lies between the design

of the sampling systems, particularly the station density,
and the criterions for "'representativeness" of the samples.
Studies of SO; pollution in several areas of the world have
agreed that the spacing between sampling stations should
not exceed 0.8 km to obtain reasonably accurate

estimates of the daily average. One standard, that of the
West German Federal Republic, approaches this measure
by requiring one station per square kilometer for pollu-
tion surveys. The actual densities tabulated for U.S.
networks are at least two orders of magnitude below this
criterion. Attempts have been made to justify this par-
simony theoretically by appeal to diffusionmodels and by
placing sensors near large sources. It has been shown in
the Allegheny County system, for one, that this does not
work.®° In Rijnmond, however, where the topography
and source parameters appear less complicated, it may
prove possible to obtain accurate results with about one
tenth the theoretical coverage. If this proves to be the case,
it will serve as economic justification for greater applica-
tion of diffusionmodeling in support of sampling network
design.
The data-handling systems should show few surprises,
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Genesis and background of the report
Early in 1971, Dr. J. H. Mulligan, Jr., President

of IEEE, requested the author to organize a com-
mittee to assess '"economic conditions in the U.S.
electronics, electrical, and related industries." The
objectives of the committee were to review available
historical data in the industry, assess the principal
forces of change that are or will be acting, and
make judgments as to what trends are likely in the
five- to ten-year period ahead. The study was to
focus on those segments of the industry that are of
key interest to IEEE members. The assessment was
intended to be broad in scope, and quickly avail-
able. It relies on the judgments of knowledgeable
people, rather than on an in-depth, time-consuming
study.
With this charge in mind, an ad hoc committee

was established whose members have a wide range
of backgrounds that include technology, marketing,
finance, economics, and various industrial interests.
The members are: V. J. Adduci, president, Elec-
tronic Industries Association; E. Q. Daddario,
senior vice president, Gulf and Western Precision
Engineering Company; D. E. Eckdahl, vice presi-
dent, manufacturing operations, National Cash
Register Company; W. O. Fleckenstein (Chair-
man), executive director, Switching Systems En-
gineering Division, Bell Telephone Laboratories,
Inc.; T. W. Folger, vice president of research,
Kidder, Peabody and Company; W. F. Glavin,
group vice president, Xerox Corporation, and pres-
ident, Xerox Data Systems; D. L. Grove, vice pres-
ident and chief economist, IBM Corporation; C. L.
Hogan, president and chief executive officer, Fair-
child Camera and Instrument Corporation; A. R.
McCord, group vice president, Texas Instruments
Inc.; J M. Kinn (Secretary), Director, IEEE Edu-
cational Services.
The committee hoped initially that sufficient

historical data might exist to allow a breakdown of
the industry into major segments, probably by Stan-
dard Industrial Classification (SIC), and a compila-
tion of significant factors for each segment. These
factorsmight include sales, employment ofengineers
and scientists, capital expenditures, imports, and
exports. From such data, forecasts based on antici-
pated forces and trends were planned that would
summarize the committee's judgment on the future

of the industry.
Numerous sources of data were used, including

publications of Electronic Industries Association
(EIA), National Electrical Manufacturers Associa-
tion (NEMA), National Science Foundation (NSF),
Department of Labor, Department of Commerce,
and many others. In addition, representatives of a
number of other industry organizations, including
Aerospace Industries Association (AIA), Business
Equipment Manufacturers Association (BEMA),
and Scientific Apparatus Manufacturers Associa-
tion (SAMA), were consulted. Each of these orga-
nizations compiles information appropriate to its
own purpose, but does not endeavor to compile all
data within a given industrial category.
The committee concluded that there exists no

comprehensive data base for the electrical/electron-
ics industry that is reasonably complete and non-
overlapping. Specialized segments exist, for ex-
ample, EIA and NEMA, but there is nq feasible
means for making a "generation breakdown" that
would allow recombining the data into a broad
characterization of the industry. Although volumes
of data are available from such sources as the
U.S. Department of Labor and the U.S. Depart-
ment of Commerce, the data do not exist in a form
that is usable for a study of this kind. This pro-
blem will be encountered by any major scientific
or engineering group attempting to make similar
projections.

The lack of reliable data was a major concern
to the committee and it is recommended that steps
be taken as quickly as possible to explore the pos-
sibility of having a centralized government agency
take the lead in establishing requirements for a
data base that would be useful to professional
societies, educational institutions, and industrial
associations as well as the Government itself.
Faced with these limitations in source data, the

committee proceeded on an important but more
limited course. Estimates were made of engineering
employment, including electrical engineering em-
ployment, of growth rates in certain segments of the
industry, particularly those most heavily repre-
sented by IEEE membership, and of effects of other
significant forces such as government spending,
international trade, and capital investments.

parable to that of the mid-1960s would be more appro-
priate.
The results summarized in the foregoing derive from

information that is grouped in the following categories
covering engineering employment, government expendi-
tures, growth in the industry, international considera-
tions, and financial considerations.

Engineering employment
A significant result of the committee work is a forecast

of engineering employment through 1975. Frequently,
such forecasts are made by applying to an economic fore-

cast some historical relationship between engineering
employment and an economic factor. We found, however,
that the direct relationship of engineering employment to
economic aggregates-for example, gross economic in-
dicators was largely determined by trend. That is, both
engineering employment and such economic variables
as realGNP show strong upward trends over along period
of time. Therefore, they show a high correlation-but so
would engineering employment be highly correlated with
any time series that had a strong trend component. In
fact, if the two series are related in some causal fashion so
that knowing one you could predict the other, then the
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year-to-year percentage changes would also be highly
correlated. However, the analysis showed that there was
practically no relationship between year-to-year percent-
age changes in engineering employment and in real GNP.
For that matter, unlike variable growth rates in GNP, the
growth rates for engineering employment exhibit a strong
negative trend, as summarized by five-year growth rates
in Table I.
The analysis also tested a variety of other economic

indicators and a number of leads and lags. The final con-
clusion was that the direct relationship of engineering em-
ployment to economic aggregates is overwhelmingly dom-
inated by trend, and, therefore, is not useful for making
any discriminating forecasts.
Using another approach, we related real output to

engineering employment for each of a number of industry
groups. Measures of real output and engineering employ-
ment data! were available for the 1950-66 period for the
following industry groups: durable manufacturing; non-
durablemanufacturing; construction ; mining; transporta-
tion, communications, and utilities; wholesale and retail
trade, finance, insurance, real estate, services, and all
other private sectors; and government. The sum of these
seven groups accounts for the total output and employ-
ment. By regression techniques we were able to develop
a forecasting equation for the ratio of engineers to output
in each of the industry groups. This ratio varies from in-
dustry to industry, and within an industry it varies as a
function of time. Given a forecast output for an industry
group, one could estimate engineering employment. The
forecast of total engineering employment is simply the
summation of the forecasts by group. The method was
tested for the period 1967-70, for which period data were
not available on engineering employment by industry
group. The sum of the forecasts by group agreed reason-
ably well with the total number of engineers believed to be
employed in these years. To provide the best possible base
for the forecasts, a level adjustment was applied to each
1970 industry employment estimate, so that their total
coincided with the actual total engineering employment
for that year.
Forecasts of industry output for the years 1971-1975

were developed, using a sophisticated input/output

I. Growth rates of engineering
employment and GNP in percent per year

1950-55 1955-60 1960-65 1965-70

Employed engineers 8.1 5.9 3.9 2.4
Real GNP 4.3 2.2 4.8 3.2

Il. Distribution of
engineers by industry category, percent

1955 1965 1975

Nondurable manufacturing 9.1 7.7 7.6
Durable manufacturing 42.9 46.3 52.0
Services 15.8 15.3 14.6
Construction 6.2 4.8 4.0
Mining 2.3 1.8 1.6
Transportation,
communications 6.2 5.4 5.2

Government 15.3 14.8 15.0

model that, in turn, depended on a forecast of the econ-
omy. These estimates of output by industry sector, to-
gether with the regression equations relating engineering
employment to output, made it possible to forecast en-
gineers employed by industry group and in total. The re-
sulting demand for engineers is shown in the upper por-
tion of Fig. 1. Note that this forecast is designed to
capture not only the impact of the economy, but also the
changing industry composition of the total output of the
economy and the changing productivity of engineers
within each industry group. The forecasted distribution of
engineers by industry category is shown in Table II.
The extrapolation of the forecast to 1980 was made by

a different and much simpler method. The compound
growth rate that resulted from the rather complex method
described was used to extend the numbers to 1980.
Gross statistics of this kind do not pick up "minor"

perturbations in total employment that can cause signifi-
cant dislocations for a small percentage of the population.
Thus, we did not see a dip in employment of engineers
around 1970. In addition, since the supply of engineers
is gradually increasing, this factor tends to mask the dip.
It should be emphasized that the forecasts derived here

are based on the referenced historical data' and are neces-

FIGURE 1. Engineering employment, showing sources
of data.
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sarily dependent on the accuracy of these data.
It is useful to compare the demand curve derived here

for all engineers with results presented by others. Various
results obtained by others!? are shown on the upper
portion of Fig. 1. These data suggest that our forecasts
may be conservative.
Data for electrical engineers are much more difficult

to obtain. The demand curve for electrical engineers
shown in Fig. 1 was plotted using available data that ap-
peared to be mutually consistent. These data include
members in the labor force who are characterized by the
Bureau of Labor Statistics (BLS) and others as "electrical
engineers," although many of them are not degree hold-
ers.
A question naturally arises as to our judgment in ac-

cepting these data on electrical engineers as reasonable
since our derived demand curve for all engineers is lower
than data from the same estimators. Our reasons are
these: We believe that the relationship between our de-
mand curve for all engineers and the demand curve
shown for electrical engineers (showing a slightly increas-
ing proportion of engineers being electrical) is likely to be
correct. In addition, the source data for electrical en-
gineers in some cases do not include closely related
categories such as system analysts, programmers, and

FIGURE 2. Changing composition of the federal budget.
The source is "The U.S. Budget in Brief, FY 1972."

FY 1960

Human resources 27%

Physical resources 11%
National defense 50%

Interest 9%

FY 1972

Human resources 42%

Physical resources 11%

National defense 34%

nterest 8%

aerospace engineers that are categories included in the
various estimates for "'total engineers."
Still greater difficulty is encountered in attempting to

determine demand for degree-holding electrical engineers.
Indeed, there are no reliable data that the committee has
seen indicating the demand for degree-holding electrical
engineers. An estimate of the supply of degree-holding
electrical engineers was arrived at in the following man-
ner.

1. Information was obtained from the Bureau of
Census indicating that there were 106 787 electrical en-
gineers with four years or more of college education in the
work force in 1960. (A reasonableness check of this num-
ber can be made by taking Department of Commerce
figures quoted by John D. Alden,? for example, that 43
percent of engineers in 1960 were nondegree people, and
assuming that the same ratio would apply to electrical
engineers.)

2. Data on degrees granted, or estimated for the future,
were obtained and are shown in Table III.23 Although the
discontinuity in B.S. degrees from 1970 to 1971 is un-
realistic, and the advanced-degree data appear somewhat
high, the error rate is believed to be negligible.

3. Starting with the figure 106 787 in 1960, the follow-
ing formula was used to calculate the changes in the supply
of degree-holding electrical engineers:

Nun = Ni - 0.024N, + 0.9 (BS: - MSu41)
+ (MS, - Diss) + 0.75D,

where Nett = number of degree-holding electrical en-
gineers in the work force in the year t + 1, N; = number
of degree-holding electrical engineers in the work force in
the year , BS, = number of B.S. degrees granted in elec-
trical engineering in the year , MS, = number ofM.S. de-
grees granted in electrical engineering in the year , MS
= number ofMS. degrees granted in electrical engineering
in the year t + 1, D; = number of Ph.D. degrees granted
in electrical engineering in the year t, and Duis = number
of Ph.D. degrees granted in electrical engineering in the
year t + 3. The following assumptions were included in
deriving the results shown in Table III. It is assumed that
10 percent of bachelor-degree recipients who do not go
on to graduate school in electrical engineering enter the
labor force outside the electrical engineering classification ;

some are foreign students who return home. It takes one
year to get the M.S. degree and three additional years to
obtain the Ph.D. It is assumed that 100 percent of those
obtaining M.S. degrees enter the work force, and 75 per-
cent of those obtaining Ph.D. degrees leave the university
and enter the regular work force. Of this work classifica-
tion, 2.4 percent are lost each year owing to death, retire-
ments, and transfers to other types of work (informal
discussions with the Census Department suggest that this
number is slightly low for electrical engineers). In line
with point 5 of the summary, it is more specifically
recommended that, in view of the difficulty in obtaining
reliable statistical information covering the number and
employment status of engineers (or electrical engineers),
some action should be initiated by the IEEE or a
group of professional societies to fill this need in the
future.
The Joint Societies Employment Advisory Committee

(JSEAC) might be an appropriate body to stimulate such
an activity. It is our understanding that the National
Science Foundation has funded related studies in the past.
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Perhaps coordination between the professional societies
and the NSF could lead to the development of a more
accurate and comprehensive data base for the future.

Government expenditures
The shift in government priorities from defense and

space programs to domestic programs is well known. The
magnitude of this shift is illustrated in Fig. 2, which
shows the composition of the federal budget in fiscal
years 1960 and 1972, and in Table IV, which shows in
somewhat more detail the rank order of priorities based
on federal expenditures as a function of time. This transi-
tion has not been smooth, nor is it expected to be in the
years immediately ahead.
It is expected that defense expenditures will decrease

for the foreseeable future, and that the space program will
continue to remain at the present level for a few years,
and then edge upward to approximately $5 billion as the
shuttle program develops and the Mars and Venus pro-
grams are determined. There will be substantia! increases
in expenditures for transportation, housing, education,
health services, environmental control, and law enforce-
ment. However, we do not expect that in the near future
the decrease in defense expenditures for electronics will be
offset by increases in socially oriented programs. This is
not owing to any fundamental lack of need for tech-
nology in domestic programs, but rather to the difficulty
in defining clear-cut goals that will generate broad sup-
port. It also results, in part, from the fact that defense
expenditures have a higher percentage of total workers in
the engineering and science category than in other in-
dustrial segments.
The early training of engineers and much of their pro-

fessional experience are focused on what might be termed
"physical" technology. In many parts of our society
technologists are looked to largely as a means of applying
new physical technology to solve specific problems and

Hl. Number of electrical
engineering degrees granted by level and year

Year Bachelor Master Doctor

1960 10 631 1 993 203
1961 10 200 2 400 250
1962 9 745 2701 295
1963 10 393 2 816 386
1964 11 261 3 163 460
1965 11 670 3 566 511
1966 11 007 3 872 569
1967 10 843 3 942 688
1968 10 451 4125 677
1969 11 375 4019 851
1970 11 921 4150 873
1971 10 200 4 340 870
1972 11 400 5 160 959
1973 11 700 5 640 1070
1974 12 120 6 150 1182
1975 12 500 6 630 1293
1976 12 900 7115 1 405
1977 13 240 7 625 1517
1978 13 580 8 130 1 650
1979 13 930 8 600 1750
1980 14 280 9070 1 850

Source: 1960-1970, Ref. 2; 1971-1978, Ref. 8, plus the assump-tion that the proportion of EE's in future years will average the
same as in past years; 1979-1980, estimated.

improve productivity. This view of the role of engineers
has often led to the restriction of the application of tech-
nology to limited classes of problems.
To accomplish the transition that is being sought to

solve socially oriented problems, it will be necessary for
engineers to expand their understanding of society's
needs to the point where they can participate in the
optimum allocation of resources to meet those needs and
contribute to meeting them through operational as well as
physical technology.
Wesee this changing role of the technologist as essential

but one that will come somewhat slowly and require his
substantial education in the needs and operational mecha-
nisms ofour society. Therefore, we cannot foresee signifi-
cant growth in technical manpower applied to socially
oriented programs that are government funded until late
in the decade.
With respect to public policy, the committee believes

that the falloff in R&D as a percentage ofGNP is an un-
desirable trend. Rather, a government policy that recog-
nizes that the continuous development of new technology
is an essential ingredient to the long-term health of the
economy is most important. Such emphasis is required
not only to provide the increasing productivity that is
essential to the domestic economy, but also to maintain
a suitable trade balance. The committee agreed that
ways need to be found to provide economic stimulus
and support to private industry to invest in R&D as the
major means for providing the long-term growth required
to maintain economic health. Such support might be pro-

IV. National priorities
as reflected in budget expenditures

FY 1960 FY 1965

Defense 49.8% Defense 41.9%
Income security 19.7 Income security 21.7
Veterans 5.9 Commerce and
Commerce and transportation 6.2
transportation 5.2 Veterans 4.8

Agriculture 3.6 Space* 4.3
International aid 3.3 Agriculture 4.1
Natural resources 1.1 International aid 3.7
Housing* 1.1 Education and
Education and manpower* 1.9
manpower* 1.1 Natural resources 1.7

Health* 0.8 Health* 1.5
Space* 0.4 Housing* 0.2
All other 8.0 All other 8.0

FY 1970 FY 1972

Defense 40.8% Defense 33.8%
Income security 22.3 Income security 26.5
Health* 6.6 Health* 7.0
Commerce and Commerce and
transportation 4.7 transportation 4.8

Veterans 4.4 Veterans 4.6
Education and Education and
manpower* 3.7 manpower* 3.8

Agriculture 32 Agriculture 2.5,
Space* 1.9 Housing* 2.0
International aid 1.8 Natural resources 1.9
Housing* 1.6 International aid 1.8
Natural resources 1.3. Space* 1.4
All other Allother 9.9

Other 3%

Other 5%
7.7

* Identifies areas of significant change.Source: The U.S. Budget in Brief, FY 1972," p. 29.
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V. IEEE U.S. membership distribution by SIC code,with forecast of growth rate in dollar value of shipments

1970-1980
Growth
Rate,

IEEE U.S. percent

38 Manufacturers of instruments professional; scientific, controlling; photo and

ment

Source: Membership estimated from 50 percent sample; value of shipments estimated from Ref. 9.

vided in the form of tax incentives. In addition, the pro-
vision of federal grants to industries whose R&D activi-
ties show promise in the solution of domestic social
problems would seem appropriate. The latter activity
might be modeled after the Canadian policy that allows-
that government to share 50 percent of the cost of such
private R&D.

Growth in the industry
As noted, a suitable and comprehensive data base

sufficient to forecast industry growth with reasonable

accuracy does not exist. Consequently, we shall look at
major segments of the industry of particular interest to
IEEE members, indicate judgments on particularly
strong areas of growth, and suggest forces that are op-
erating and are therefore likely to create emphasis in cer-
tain areas of technology. A number of sources of informa-
tion®-13 were used; the estimates reflect the judgments of
the committee.
Table V shows the distribution of IEEE membership in

the United States by Standard Industrial Classification
(SIC) code based on a 50 percent membership sample.

IEEE spectrum DECEMBER 1971

VI. industry forecasts, 1970-1980
Percent
Increase

Group per Year

Computers, computer peripherals, and
memories 1l

Communications (except radio and
television) 9

Process and industrial controls 12

Test, measuring, scientific, and
medical instruments 11

Transportation electronics (nonmilitary) 12
Semiconductor industry 9

Also indicated for certain sectors are growth rates in
dollar value of shipments obtained from a U.S. Depart-
ment of Commerce publication.? The growth rates ob-
tained cover segments of the industry that represent an
estimated 43 percent of IEEE U.S. membership. Based on
these projections, a weighted growth rate of 6.1 percent is
obtained. The forecast for electronic manufacturing sec-
tors is higher and the committee's judgment is that an
overall annual average growth rate for the electrical/
electronics industry of between 7.5 and 8.0 percent ismore
likely over the next decade.
The combination of forces at work suggests that certain

segments of the industry will grow more rapidly than the
overall growth rate indicates. Among the more important
of these forces are those being created by changes in
labor, social values, and technologies.
The labor-related forces include unavailability of

people to perform menial labor, welfare availability that
competes with low-level jobs, minimum-wage require-
ments, and an apparent long-term trend of labor costs
increasing more rapidly than other components of cost.
All of these forces suggest the need for a more rapid rate
of technical innovation and a more rapid rate of increase
in capital expenditures in the future.
Social forces include environmental control, on which

companies are beginning to spend substantial sums of
money; the large body of law building up that will require
a more vigorous response by industry; and the increasing
application of technology needed to achieve the desired
results. Improvements required in medical care, educa-
tion, transportation, and law enforcement are examples
of other social areas demanding increasing use of
technology.
In technology, the rapid change in materials and device

technology is leading toward components and systems for
which costs per function are continuing a downward
trend relative to other costs.
An analysis of these forces suggests that there will be a

strong movement to automate the operational aspects of
businesses in the decade ahead. In addition, instrumenta-
tion and process control will see heavy growth. Table VI
indicates areas in which the committee believes strong
growth rates will be encountered during this period.
The arguments put forth lead almost directly to those
disciplines that we believe are likely to receive special
emphasis in the next decade.
Device technology is continuing toward more complex

operations in which a large number of batch-processing
operations are carried out in sequence. This trend will

continue to place strong emphasis on materials and
process technology, including physics and chemistry,
materials engineering, mechanical design, and electrical
design. Integrated semiconductor technology will see
heavy growth in both linear and nonlinear applications,
and particularly in memory applications. Optoelectronics
is also an area in which significant growth can be ex-
pected.
Computer-aided design, which has received consider-

able emphasis in the past decade, will become much
stronger in the decade ahead. This technique not only in-
cludes analysis, but, more important, the portions of the
"design" job that can be sufficiently formalized to auto-
mate. In addition, simulation of the performance of sys-
tems and subsystems will become increasingly important.
Sensing and control instrumentation, all aspects of

computer technology, and communications particularly
digital communications are key aspects of almost all of
the growth areas noted.

Mem- perSIC Code bership year
36 Electric machinery equipment and supplies 47 310

apparatus
3662 Radio and television transmitting, signaling, detection equipment and

17 740 7.0
5 960

3679 Electronic components and accessorie (not elsewhere classified)
3 030

3612 Power, distribution and specialty transformers
3611 Electric measuring instruments and test equipment

6.0

2 510
3651 Radio and television receiving sets, except communications type

2 880 6 .7

3661 Telephone and telegraph apparatus
6.0

All others 10.02 460
12 730

3573 Electronic computing equipment
11 700

35 Machinery, except electric
7 1803511 Steam engines, turbines, and turbine-generator sets

10.5

international considerations
Competition from outside the U.S. has been an in-

creasing problem for U.S. industry in recent years.
Principal reasons are an exchange-rate structure that has
overpriced the dollar, lower labor rates abroad that do not
reflect lower productivity, changing technological condi-
tions, and government policies. The following will cover
broad changes in technological development and their
implications, and some recommendations for possible
governmental action. It should be noted that this review,
including the section that follows, was carried out prior
to the recent establishment of economic controls by
President Nixon.
With regard to current and continuing trends in the

area of foreign trade, and more specifically in the matter
of U.S. competitiveness with foreign industry, two prin-
cipal technologically oriented factors stand out. The first,
and perhaps the most fundamental trend, is that con-
cerned with the size of the technological gap between the
US. and other technically strong countries such as Japan
and Germany. There is little question that the tech-
nological growth rates of these and other countries have
exceeded that of the U.S. in the recent past. It is likely
that the magnitude of the "gap" will continually de-
crease, although at a gradually diminishing rate. This
narrowing of the technological gap between the U.S. and
the other countries is likely to be enhanced by the recent
withdrawal of federal R&D support that has so
significantly sustained and stimulated the U.S. level of
technological growth in the past.
The second factor is a consequence of general advance-

ment in technology and rapidly increasing labor costs;
both are causing industry to move increasingly toward
products involving low labor content but high material
and technology content. This combination, coupled with
the expanding and deepening technical capability across
the international spectrum, is changing the economic
tradeoffs that multinational companies use in making
geographical determinations on product design as well
as manufacture.
As an expected consequence of these trends, it is highly

probable that increasing use will be made of inter-
national technical capability by U.S. multinational in-
dustry, on the presumption that the ultimate market
location will establish not only the site for product manu-
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5153574 Calculating and accounting machines except electronic computing equipment

3.9
All others 315 55

4911 Electrical companies and systems
11 040

49 Electrical, gas, and sanitary services
715
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270
All others

3721 Aircraft 9 330
5 880

3714 Motor vehicle*parts and accessories -0.33729 Aircraft parts and auxiliary quipment (not elsewhere classified)
7

1 100
765

3722 Aircraft engines and engine parts 6250
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960
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optical goods; watches and clocks 6 1703811 Engineering, lab, scientific, and research instruments and associated equip
3821 Instruments for measuring, controlling, and indicating physical characteristics
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3861 Photo equipment and supplies
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8803822 Automatic temperature controls 710All others 5.6
590
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4833 Television broadcasting

7.1
455 9.0All others
685

Miscellaneous categories 27 580 27 580

Composite growth rate (weighted)
125 000 125 000Total
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facture but also the site for product design. Undoubtedly,
although more than counterbalanced by other influences,
this particular trend suggests a negative influence on
engineering employment prospects within the U.S.
The most desirable and probably the most effective

approach for broadening U.S. technical employment
opportunities, insofar as they may be influenced by inter-
national trade factors, involves developing the maximum
amount of trade between nations. Under such conditions,
where head-to-head competition is a reality, each
country's technological skills of all kinds research,
engineering, and manufacturing are challenged, pro-
vided there is reasonable parity of capability, a condition
increasingly coming into being. In meeting such a
challenge, the technologies involved are strengthened and
employment opportunities increased.
To achieve this enhanced international interchange, an

appropriate U.S. Government trade posture is essential.
Several important aspects of that posture include elim-
ination of reduction of quotas, governmental support for
exporters, reduction of trade barriers, and relaxation of
controls on foreign direct investment.
Quotas are not the answer to the declining trade sur-

plus or to the question of import competition. Rather,
they lead to still higher costs and prices that freer trade
and greater competition would serve to combat. Inter-
national competition not only offers consumers access to
inexpensive imports, but it restrains price increases in the
domestic industries that face such competition. Moreover,
the imposition of quotas can only invite retaliatory mea-
sures by other countries.
Efforts to expand U.S. exports could be assisted by a

U.S. policy that would offer exporters the kind of financial
assistance and tax treatment now used by some other
governments to support their exporters. A current pro-
posal for a Domestic International Sales Corporation
(DISC) under consideration by the U.S. Government is
commendable in this connection.
Tariff and nontariff barriers around the world continue

to be a significant impediment to U.S. export expansion.
However, nontariff barriers are one of the most critical
and difficult problems facing U.S. trade policy. Both tariff
and nontariff barriers should come under aggressive
attack by U.S. trade negotiators. It would seem difficult
to assume this posture in an environment of restrictive
trade at home.
The overall international trade questions cannot be

viewed in isolation from the other components of U.S.
foreign economic policy. This is particularly true of the
foreign investment question that has assumed steadily
increasing importance during the last decade. Direct U.S.
investment has become larger and is growing faster than
exports. In the decade ahead, it is important that this
growth continue and that it be supported by U.S. Govern-
ment policy, as U.S. investors will have to compete with
increasingly aggressive investors from Japan and Western
Europe for the substantial returns that can be realized.
The U.S. Government's preference for controls on foreign
direct investment to meet short-term balance-of-payments
goals should be examined in light of the fact that foreign
investment is a major long-range source of foreign re-
ceipts.
In view of the need for tying the numerous threads of

U.S. foreign economic relations into a unified policy, the
President's action to establish the Council on Inter-

national Economic Policy as a new mechanism that will
plan and coordinate all U.S. foreign economic policy
is appropriate. This step will give foreign economic
policy the priority and cohesiveness essential to achiev-
ing the most advantageous foreign economic posture in
the 1970s.

Financial considerations
In the 1970s, as in the 1950-70 period, trends in the

securities markets will have an effect upon the employ-
ment of technically trained personnel in the United
States. In the 1950-70 period, many new technological
enterprises were started with a generous flow of funds
from the financial markets, including a plentiful supply
of venture capital. Since World War II, the financial
markets have looked kindly upon new technological
enterprises. In addition, established firms have found the
money markets willing to supply funds for new tech-
nological ventures. Also affecting the employment of
engineers are the expected levels of capital spending by all
industry, since engineeringmanpower is required to design
new plants and modernize existing facilities. Levels of
capital spending are closely related to the trends of
corporate profits and are dependent on many other fac-
tors; among the most important are the availability and
price ofmoney to fuel capital expenditures.

Examination of the sources and uses of corporate
funds since 1960 shows that since 1966 there has been a
rapidly increasing reliance by corporations on external
sources to finance plant equipment expenditures and to
meet other financing needs. The primary interna! sources
of corporate capital-undistributed corporate profits and
depreciation have not kept pace with corporate needs
for funds. Expressed as a percentage of Gross National
Product, corporate profits after taxes fell precipi-
tously in the late 1960s to a low in 1970 and 1971 not
seen since the days of the Great Depression. Depreciation
as a percentage of GNP rose during the 1960s, but the
combination of corporate profits and depreciation has
been declining as a percentage of total GNP and is cur-
rently around the level of the recession year of 1960.
However, this relationship should improve as the economy
recovers from the recent recession.
On the other hand, corporate expenditures on plant

and equipment rose dramatically both in absolute amount
and as a percentage of GNP during most of the 1960s,
falling off only in the 1969-71 recession. There are reasons
to believe that capital investments should remain high
during the 1970s. The United States must modernize and
automate its industries if it is to offset rapidly rising labor
costs and remain competitive in the international arena.
To combat the pollution of our environment, enormous
capital expenditures are going to be required by many
industries. The inflationary trends alone dictate a tendency
toward higher capital expenditures because the same
dollar a few years later will not buy the same amount of
actual physical plant and equipment. The replacement
cost of plant and equipment is continuously rising. In
general, it can be said that inflation is a great consumer of
capital. As our society becomes more technologically
complex, the amount of capital investment per employee
will continue to rise.
The other side of the coin is the supply of capital and

the price at which it will be supplied. Studies have shown
that long-term interest rates are closely related to ex-
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pected inflation rates. An approximate formula for pre-
dicting long-term interest rates in an inflationary en-
vironment is that each percentage point of expected in-
flation rate adds a percentage point to long-term interest
rates. We cannot predict what interest rates will be, but,
in general, we do believe that interest rates will be higher
in the early 1970s than they were during most of the 1960s,
owing to expected higher rates of inflation. Both factors
inflation and strong demand for funds-will be operating
in the early 1970s to produce high interest rates.
Because of the increasing reliance of corporations on

external financing, we also see that the financial markets
will be called upon for more capital in the 1970s than
during most of the 1960s. We do not predict a capital
shortage that would cause any prime customer or major
solvent corporation to be unable to obtain sufficient funds
from the financial markets, but we doubt that the new
enterprise or the small technological company can count
on being as readily received and financed in the 1970s as
it was in the 1960s, except where the expected growth rate
of earnings is very promising. Also, owing to the higher
price that we foresee capitalwill command in the 1970s, a
number of capital improvement projects may not prove as
economical as they might if undertaken in the 1950s and
1960s. Although the level of capital spending will be high
in the 1970s, we conclude that the financial markets may
exert a downward influence upon the level of capital
spending.
With regard to basic financial considerations, insofar as

they affect electrical/electronics engineers and the indus-
try, the committee made four conclusions:

1. The most obvious and greatest assistance to the
financial markets would be the restoration of an atmo-
sphere of stability with only moderate inflation in the U.S.
economy much less than the current 5 to 7 percent
annual rate. There is nothing like a stable dollar to foster
stable financial markets. The allocation of the country's
resources can be much more wisely and fairly distributed
without the conditions of worrisome inflation.

2. The United States must provide for more realistic
replacement of our worn-out assets through a more
realistic depreciation program. Current production must
be charged with costs of replacement and modernization
of its production equipment, and we are only inviting
disaster unless this condition is met. The recent liberaliza-
tion of depreciation rates is a commendable step; we
recommend a continuing review ofdepreciation schedules.
In addition, tax programs such as an investment-tax credit
would also provide incentive for capital projects and
help increase the internal generation of funds to finance
capital expenditures.

3. To allow the operation of stable financial markets,
we must have a stable monetary policy. The severe swings
of interest rates or ofmoney supply serve only to disturb
the financial markets.

4. As suggested in a previous section, if the United
States really wants to exert every effort to maintain its
technical leadership in the free world, it is recommended
that consideration be given to using special tax incentives
to encourage scientific research and development. Several
alternatives are available, such as increased tax deductions
for research and development by corporations and
special tax treatment for individual capital gains and losses
incurred in venture capital or small business invest-
ments.

In addition to the individual efforts of the committee members
(listed in the box), support and counsel were received through them
from colleagues in their various organizations. Without this assis-
tance, much of the work would have been impossible,
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New product applications
Power package for small vehicles
uses improved battery-charging system

Increasing use of electric propul-
sion for small vehicles has shown a
need for more economical battery ser-
vice. Typical applications include golf
carts, riding mowers, garden tractors,
and fork-lift trucks. In Fig. 1 a battery-
charger unit is shown installed in a

FIGURE 1. Power package installed.

1972 model riding mower.
The typical vehicle power system

shown in the block diagram of Fig. 2
encompasses all the necessary func-
tions that must be included in any ap-
plication, and some or all of the units
at lower right will be required in more
sophisticated vehicles. Heart of the
power package is the recharging unit,
shown outside its protective enclosure
in Fig. 3.

Typical charge-voltage-versus-cur-
rent characteristics of a battery at the
end of charge are shown in Fig. 4. The
end-of-charge voltage is a strong
function of battery age and tempera-
ture. Conventional charges show a
constant-voltage characteristic, so
that the final charge current is given
by the intersection of the charger
curve with the battery characteristic
curve. For a new 80°F battery, final
charge current is an acceptable 5
amperes. An old 120°F battery re-
ceives a final charge of 18 amperes
that is excessive. Increased tempera-
ture, gassing, and water consumptionSN reduce battery life A new battery at
O°F receives a final charge current of
only 0.4 ampere and may not be fully

FIGURE 2. Essential functions of power package, and ancillary (lower right).
Operator indication Operator

charged. Besides, a fixed charge time
is usually set at the discretion of an
operator, and may result in excessive
undercharge or overcharge. The ef-
fect may be insufficient battery per-
formance and potential battery sul-
fation. A means must also be pro-
vided to maintain charge during long
storage periods.

The new Gould reactance-limited
charger shows the voltage-current
characteristic given in Fig. 4. The
narrower final-charge-current range,
from 4 to 11 amperes, reduces prob-
lems of over- and undercharging of
batteries at temperature and age ex-
tremes. The Gould charger uses a
compensated voltage-sensing circuit
that automatically starts a timer when
battery-charge voltage reaches a point
when the battery is about 85 percent
recharged. The timer provides a fixed-
time end of charge. The start of the
timer is automatically adjusted for
battery temperature.

Write for details to Gould Inc., P.O.
Box 3140, St. Paul, Minn. 55165.

Circle No. 55 on Reader Service Card

FIGURE 3. Elements of charger.

FIGURE 4, Battery-charger characteris-
tics for various battery temperatures.
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New product applications
Synchronous reluctance motors
required for constant-speed applications

Manufacturing processes requir-
ing true synchronous speed from no
load to pull-out torques, directly pro-
portional to applied frequency, can
employ synchronous reluctance mo-
tors. Typical applications include the
production of polypropylene and
polyethylene films. In the manufac-
ture of synthetic fibers, the charac-
teristics of the finished product are
controlled by drawing or stretching
the yarn an exact amount. Synchron-
ous motors are also required in bottle
making in which exact timing from
the moment the gob of glass is cut
until the molds open must be ac-
curately controlled.

Representative motors built by
Task Corp. are shown in Fig. 1 and
Fig. 2. The company does not produce
standard NEMA frame motors but
furnishes high-performance units for
industrial, aircraft, and special appli-

cations that incorporate mechanical
modifications such as special hous-
ings, shafts, round frames, or pan-
cake designs.

Because neither slip rings nor dc
excitation are employed, the units
are said to have the simplicity, dura-
bility, and easy maintenance of
squirrel-cage machines. Electrical in-

FIGURE 1. Motor with special cooling.

sulation is furnished by using a pro-
prietary epoxy impregnant that is
capable of maintaining high dielectric
strength and withstanding continuous
operating temperatures to 220°C.

Sizes available range from sub-
fractional horsepower to 10 hp and
frequency ranges up to 400 Hz. Op-
erating ranges up to 150 to 1 are
possible.

Detailed information can be ob-
tained from Task Corp., a subsidiary
of Joy Mfg. Co., 1009 E. Vermont,
Anaheim, Calif. 92803.
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FIGURE 2. Motor with shielded case.
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Broadband amplifiers designed
for two-way cable communications

Compatibility of existing CATV sys-
tems with dual-direction systems of
the near future is possible using new
equipment recently made available.
The TRA-108A trunk return ampli-
fiers, for which a block diagram is
shown in Fig. 1, have been designed
and optimized for return amplifica-
tion in the bandwidth range from 5
to 108 MHz.

In application, the signal enters at
the left and after preamplification
passes through a gain control to the
AGC network. The controlled signal
proceeds through the hybrid IC post-

FIGURE 1. Model TRA-108A unit uses hybrid iC amplifiers.

amplifier to the output at the right
The pilot signal, which is a nominal
115-MHz carrier, is picked off and
fed through the pilot detector. Its out-
put is applied to the dc amplifier that
has an internal reference voltage.
Output from this amplifier is used to
control pin diodes in the AGC network.
The network is designed to compen-
sate the cable losses with tempera-
ture rise in respect to frequency, pro-
viding more compensation at the high
end of the band.

For return amplification in the
bandwidth range from 5 to 30 MHz,

the TRA-30A model, shown in the
block diagram of Fig. 2, is available.
It is similar to the 108A, except that
the pilot frequency is at 31 5 MHz.
The AGC network functions in a man-
ner similar to that for the higher fre-
quency. The equipment differs mainly
in the fact that the amplifiers use dis-
crete components instead of hybrid
integrated circuits. Amplifier gain and
the position of the AGC network can
be controlled manually.

Complete details of this equipment
and other devices for use with CATV
can be obtained from Jerrold Elec-
tronics Corp., 401 Walnut St., Phila-
delphia, Pa. 19105.
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FIGURE 2. Unit for 31.5-MHz pilot with discrete components.
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New product applications
Simultaneous transmission of
18 data signals uses single line

;

Low-speed data transmission with
the 25C system requires one voice-
frequency telephone circuit. Depend-
ing on the customer's requirements,
the circuit can be divided into 18
channels handling 110 bits of infor-
mation per second, the equivalent of
nearly 2000 words a minute, or a
single channel can be used at a speed
of 600 bits a second.

A typical application might be the
interconnection of processing, pur-
chasing, sales, warehousing, and ac-
counting functions through a common
EDP computer center using relatively
low-cost voice-frequency lines.

For single-channel applications, a
data subset is available for desk-top
use. The data shelf assembly shown
under adjustment in Fig. 1 provides

up to eight transmit and eight receive
data channel units. The same channel!
units are used in both the subsets
and the rack-mounted assemblies.
These are also common to all data
speeds, with speed selection deter-
mined by attaching filters, which are
screw-attached and easily changeable,
thus reducing the number of main-
tenance parts.

Modulation is by frequency-shift
keying, using solid-state circuits. The
units interface with all standard sys-
tems including EIA, unipolar, TTL
logic, and 20-mA teleprinter. Monitor-
ing circuits prevent false information
by clamping the output if signal level
falls too low.

When desired, an optional as-
sembly provides voice communica-

:

:

3:

a
FIGURE 1. Test technician aligning unit.

tion in addition to data transmission.
There should be a separation of ap-
proximately 200 to 300 Hz between
the voice channel and the first data
channel.

Information about the data trans-
mission system can be obtained from
GTE Lenkurt, 1105 County Road, San
Carlos, Calif. 94070.
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Broadband ultrasonic transducers
used for flaw detection and gaging

A new high-resolution ultrasonic
pulser/receiver covering the fre-
quency range from 0.1 to 30 MHz,
used with an oscilloscope and piezo-
electric transducers, provides pre-
cision measurements. Measurements
of ultrasonic velocity and attenuation
can be utilized to determine material
properties and homogeneity. Typical
applications include homogeneity in
metals, glass, ferrites, and other ce-
ramics. Thickness gaging and detec-
tion of cracks, lack of bond, or de-
lamination in opaque materials are
also possible, employing a variety of
techniques.

Specialized applications are sug-
gested in the series of illustrations

FIGURE 1. Pulse-echo defect indication.

4
Interface echo Defect echo Pulse reverberations

74

that show pulse-echo patterns used
in flaw detection and thickness gag-
ing. In Fig. 1, a 30-MHz contact de-
lay-line transducer is used to detect
a 3-mm-diameter flat-bottom hole
that is 3 mm below the surface in
aluminum. The echo occurring at the
interface between the delay line and
the aluminum is followed by a series
of reverberations of the ultrasonic
pulse between the hole and the sur-
face. Smaller defects even closer to
the surface can be detected.

In Fig. 2, the same transducer is
used to gage the thickness of a
0.25-mm steel sheet. There is a clear
separation between the 30-MHz
broadband pulses even with a rever-

FIGURE 2. Pulse-echo thickness gaging.

Interface echo Pulse reverberations

beration time of 80 ns. The same
thickness-gaging measurement is
shown in Fig. 3 using a sharply fo-
cused immersion transducer with a
center frequency at about 50 MHz.
The ultrasonic energy is highly con-
centrated at the focal point, making
this type of transducer suitable for
thickness gaging of small areas or
detecting small discontinuities in thin
materials that can be immersed in
water.

A brochure containing a technical
description of use can be obtained
from Panametrics, 221 Crescent St.,
Waltham, Mass. 02154.
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FIGURE 3. Focused gaging transducer.
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that pollution immediately imperils
our environment, you'll be interested
in the views of Dr. Phibp Handler, *

~president of the National Academy rt

of Sciences.

Busrvess, Dr. Handler contends that
while pollution problems are indeed

grave, they may well be less acute

tional overreaction which he saysgan
lead to insufficiently congidered cen-,

He feels we have the time for

proper research which will enable as

to enact reasonable antipollution
laws to protect the environment with+
out unnecessarily endangering the

economy.
The privately endowed Academy

which Dr. Handlér heads is the'na-

by Abraham Lincoln, the Aadeny
is dedicated to the furtherance of

science and its use for the general
welfare On request of any govern
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ment department, it conducts in-
dependent investigations of scientific
prohlems on a nonprofit basis.

_
Dr. Handler, 54, ig vn biochemist

noted in his profession for basic re-
warch with enzymes at Duke Uni-
versity.
Since his election in 1969 to a six- low

year term as head of the Academy,
he has gained a reputation for speak-
ing out.
He has strongly criticized the Ad-

ministration on some aspects of fed-
eral spending for science, and on oc-

. easion has opposed prevailing opinion
jn the scientific community-~as he
does here on some important pollu-

*

tion questions.

Dr. Handler, you sre one of the few
-... scientists who say environmental pol-

lution problems are being exaggerated.
Yet many of your colleagues contend
the pollution situation has reached the
danger point. If the experts disagree,
where does this leave average citizens ?

Well, I hope it leaves them open-
minded, willing to louk about them-
selves and willing to read.
The evidence of environmental

deterioration is all too evident and
there are local instances where the
damage is beyond tolerance and per-
haps dangerous to man. I don't differ
rom my colleagues with regard to
the long-term seriousness of these

problems. But I also view them as
varying widely in the magnitude and

urgency of the threat to man.
1 wish to avoid undertaking sup-

posedly mitigating measures which
generate new and even less under-
stood problems. The basic problems
are severe enough without unneces-
gary exaggeration.
Finding lead or mercury in modest

amounts in sume foo:stuff is trouble
enough without hysteria. Contending
with the consequences of an excess of
an old friend like phosphate in deter-

gents should not be relieved by sub-
giiluting a new devil of unknown

prepertics.

Could you give examples of exagger-
ated claims about pollution?
* Probably the Lest known is Lake
Eric. Erie is surely filthy around its

been

The amount of fish protein taken
from the lake by commercial fisherics
Jast year was close to the all-time
high. They weren't catching the same
apecies as in the past. The game fish
that used to be at the top of the food
chain are not thriving now; fish be-

them on the food ladder now
dominate. But they are quite ade-
quate for many purposes, so the com-
mercial fishermen take them.
A lake producing all that protein

cannot be called dead, and surely af-
fords the opportunity to reverse the
damage.
Lake Washington, near Seattle,

was called a dying body of water a
few years ago. By dint of enormous
political effort the situation was
turned around; that is, the amount of
untreated sewage going into the lake
was markedly reduced.
Since this happened, I am told, the

lake has difficulty in supporting sal-
mon, the game fish that was at the
top of the food ladder. Smaller fish
have taken over, much as in Lake
Erie, but for quite different reasons.
Please understand that no one in

his right mind would favor going back
to polluting Lake Washington. My
point is that ecosystems are very
complex; some are very fragile, others
self-sustaining. Any steps that the
government takes in the public in-
terest must first be carefully weighed
for all possible consequences.
Despite our pollution, our public

health is excellent by Listoric stan-
dards. The world was less hygienic
through most of history than it is
now. The behavior of the citizens of
London and Paris until the last cen-
tury would offend any American
today. They had open sewers in the
streets and thought nothing of tossing
slops out of windows.
We have come a long way since,

but we now may desire a cleaner en-
vironment than we can afford in view
of our other aspirations--perhaps
even cleaner than necessary.

You believe then, that management of
the environment involves a series of
eithor/or questions ? For example, that
socioty cither accepts some pollution
from power plants, or there won't ba

enough electrical power to maintain

water" us
tho present standard of living?
Exactly. The world has to be

viewed through realistic glasses. In
managing the environment, we must
learn to make judgments by weighing
risks versus benefits.

1
:

Do scientists and the government tack
the knowledge to set antipotlution
standards and to regufate the quality
of the environment?
Yes and no. There are serious holes

in our knowledge of the mechanisms
and effects ofmany types of pollution.
It will take coordinated research ef-
furts in the laboratory and in the field
to obtain the data needed to establish
truly appropriate regulations con-
cerning pollution.
An indication of what is needed

was provided by a recent National
Academy of Sciences and National
Academy of Engineering study, which
estimated that around 2,600 man-
years would be required to take a
reasonable first step in understanding
the basis for waste management in
coastal regions.
This really isn't a huge effort: only

about 500 men for about five years.
Other programs would be needed in
other areas.
When the new Environmental

Protection Agency, the Council for
Environmental Quality and the Na-
tional Oceanic and Atmospheric Ad-
ministration have grown into their
jobs, such programs will become im-
perative to them. And they will seem
rather cheap.

tt
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:

:
:

:

:
:
:

:

If it will tahié several years to establish
realistic antipollution regulations, how
should we proceed in the immediate
future?

:

:

We need time to acquire the under-
standing upon which to base such

regulations. Meanwhile there are
obvious excesses and enough under-
standing for this go-round of regula-
tion. I'm not sure how much time is

required to design or install the neces-

sary technology.
As we repair old wrongs, presum-

ably industry must bear the costs of
undoing its own polluting. But that
must be done fairly, enforced equita-
bly across the country. Within the
U.S. no company should be given a

competitive edge by penalizing its
rivals.

:

:

:

:

:

It isn't quite so clear how to pro-
ceed when we want domestic con-enphery. But the center of the lake

dying body



1

row is more, not less technology.

importance is assurance of an abun- ated.

:

Exaggeration: The Other Pollution Peril continued

cerns ta avoid polluting while their exhausts of industrial smokestacks.
§

gather t hat I

international compctitors proceed By now you do not
1

unchecked.
underestimate the manitude or seri-

:

Tn any case, currentunderstanding
ousness of these problems. What I

t

4
7

wi oundeubtedly ulhce to permit also oO convey is that we vet

reasonable and Wise VAAN

respect lo most major environmental much of the technology, to man ige

é

he time, and already have

them th it t he y to a hetter tomor

problems

Which types of pollution do you con

sidar most serious? Do you have a How does the pesticide problem rate \ \\

4
3

:

priority list?
on your priority list ?

If trouble with

No, dons hx

fully worked out.
my constituency but I find the stress

: :

Probably the matter of primary with respect to pesticides exagger-
:

dant water supply of high quality.
I join my nature-loving friends in

We cannot ex:aggerate our require- their coneern for the handful of bird

ment for a healthful, clean water °Pcues that seem to be endangered

supply.
But the dternatives t
are even worse To ao

the moment
without avail-

Nh +

:

How big job is it going to be to able pesticides, the price to man §-
:

straighten out the most serious water Would be too high ?

:

no choice but to learn

pollution problems?
We have

: :

The public, says Or Handler, must

It is a huge, expensive but probably
feasible task. A large fraction of our

supply comes from major rivers and

lakes- water that we necessarily use

ever and over again. Going back to

Lake Erie, the edges are badly pol-

Juted. But the task of cleaning 1t up

isn't impossible.
Apparently, this is also true ofmost

of our great rivers. The Mississippi
still is bearing fish throughout most

of its length. Rivers like the Hudson

are difficult but not hopeless.
My pvint is to sound a note of

hope. A great deal can be accom-

plished by utilizing current tech-

nology io stop the most serious.

sources of pollution.

What is next on your priority list ?

Air. We cannot exaggerate our re-

quirement for a healthful, clean air

supply.
But I am not aware of any large,

heavily populated area in the United

States which is in acute trouble for

its air supply. The exception is the

occasional temperature inversion,
when the air essentially becomes

stagnant and the concentration of

undesirable gases and particulates

rises seriously,
The automobile 'exhaust emission

problem can be managed in a few

years, probably Technologies yall

surely be developed for abatement of

the undesirable visible and invisible

to use them sparingly and wisely,

rather than foolishly abolishing them

entirely.

look hard at measures proposed in-
how to use the pesticides we have- :

the name of a cleaner environment
: :

:

:

Will it be possible to develop new

classes of pesticides ?

Yes, I very much hope so We hope

to learn how to operate biological

control systems. That is, use natural

attractants to collect specific species

of undesirable insects and then de-

stroy them or render them infertile.

Haven't such systems already been

started?
It has been done for a few species.

There is no theoretical reason why we

couldn't extend the list. In the encl,

if we can do that with key pests, we

can protect our crops and health,

and avuid doing damage by an excess

of pesticides. Hopefully such pro-

cedures will not lead to some other,

presently unpredicted, catastrophe.

At the moment we have suc-

cumbed to the pressure to ban DDT.
We have placed on the market what

is called the second gencration of

pesticides, which work on a quite dif-

ferent principle. These are the com-

pounds like malathion and parathion.

Unlike DDT, they are highly toxic

to man; they blinded and even killed

numbers of people in 1970. T hope we

1 such tragedy in 1971

You said earlier that you hope the

average citizen will keep up-to-date on

polfution information. Should he also

take an active part in deciding what

antipollution regulations the nation

actually needs?
:

:

Yes. But the process is necessarily

complex. Only an informed citizenry
will vote the bonds necessary to im-

prove sewage disposal systems or

water supplies; will accept the higher

costs of almost everything that will

come from the wide variety of effort

required if the environment is to be

protected as so many demand.

But I hope they will not vote
to re-

turn to "good old days" that never.

were.

Are you thinking of a vote in which the

entire population participates-a ref-

erendum?

In some instances we could have

a referendum. In general I would

rather use the classical technique of

electing wise men to public office and

abiding by their decisions. By and

large they hive shown greater wisdom

than have referenda.

It is also evident that we are to
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learn to live with clasa suits, with
citizens' challenges to government
action, ete. Indeed, the history of the
use of Scetion 102 of the Environ-
mental Policy Act. which makes such
challenges possible, will be a fas-
cinating chapter in our national life.

How do you evaluate the President's
recent State of the Environment Mes-
sage and his recommendations for
antipollution laws?
Those were well-considered and, in

my view, in the right direction, but I
don't think it is for me to comment
on the legal mechanics.

A joint report by the National League
of Cities and the U. S. Conference of
Mayors says $37 billion may be needed
over six years to completely modernize
sewage and waste water facilities. Do
you have any cost estimates ?

I have yet another number in
mind. J can't guarantee its validity,
but I've heard repeatedly that it
would take about 15 per cent of the
gross national product to clean up
the environment in all its aspects and
then to continue to protect it from
pollution. In today's economy that
would amount to an annual $150
billion, a sizable sum. And this in-
vestment would have to continue on
a sustained basis.
This would be a 15 per cent add-on

cost and would be at the expense of
the GNP. There would be fewer goods
and services to go around for the
same level of effort.
But this investment would be a

major new source of jobs. Another
.offeetting advantage would be a de-
cline in the social costs of environ-
mental deterioration, a real enough
phenomenon but difficult to manage
in the national accounts.

Will the recycling of solid wastes ever
be important commercially ?

It simply must become commer-
cially attractive. Either that or our
standard of living is going to decline.
We have to make recycling work on

two counts. First, we must find an ac-
ceptable methcd of disposing of this
enormous amount of solid waste. We
speak of our society as a high con-

consume.We pnaseverything through.
And then we have to find some place
to unload it.

The second reason is the variety of
materiala which sooner or later will
be in short supply. We have no choice
but to re-use them. Applicable pro-
cesses now exist for some. It is a
matter of installing plants and being
willing to pay for the increased cost
of materials. But we must not slowly
convert the oceans into a dilute solu-
tion of our rarest metals.

Has pollution of the oceans become a
real problem?
The National Academy of Sciences

recently reported pesticides are be-
ginning to build up in the oceans.
Not in amounts which are cause for
alarm, but this is the kind of thing
we must keep tabs on.
It 1s hard to believe we have con-

taminated the oceans, since such vast
quantities of pollutants are required
But we need to admit the possibility
At this point, I don't think there is

any single pollutant in the deep
oceans that we need to worry about
although there may be problems
along the continental coasts.

Is the danger from oil spills as great
as it's sometimes made out to be?

During World War II, more than
50 tankers were sunk off Florida's
east coast in a two-year period, the
beaches were covered with oil, and 1t

backed up 1n shallow waters. Yet sea
life thrives there normally.
Nobody advocates oil spills, of

course, but I think the resiliency, the
ability of nature to repair itself, ig

greater than some environmentalists
seem to feel.

How would you summarize the poliu-
tion situation?
Those who, in my view, exaggerate

the nature or magnitude of the pol-
lution problem nevertheless are on
the side of the angels. They want a

clean, healthy United States. To ar-
gue with thal is nonsense. And they
have generated a climate in which
effective action should be possible.
Our problems are to accurately

assess environmental hazards, learn
the processes which are involved, and
reach realistic public decisions about

Public panic is as completely
unwarranted as concern is justified.

END

W639 {0
::
:

:

:

7

:

The :

PLANT
WitlaCg.

:

:
The Focts and tigeres,

: 7 :
TAX
For

s
The Facts ad Figure

:+
:

:
: :

:

:

CATION 7

SERVIC
: :

: :

4

3

:
: :

rite .
forbrochures
youwant.

:

:

:

How to get help in financing long-term cap-
ital investments ..new tax advantages
available to you in New York State. ..facts
and figures on the world's ricnest market
... plant-locat.on services. These are only a
few of the business publications offered

:

Department of Commerce.
without charge by the New York State :

Professional services, too. In addition to
free publications on a wide variety of timely

ment offers the services of a 100-man
professional staff. Without charge, and in

complete confidence, these experts will do
in-depth, customized studies of pertinent
plant-site factors for individual manufac-
turers.
New tax benefit. New York State has a new
business-tax credit for investments in new,
expanded or modernized production or re
search facilities. This credit can be spread
over as Many years as necessary for full
benefit-up to nearly 100% abatement.
Get complete information. Just check the
appropriate boxes in the coupon below and
mail today on your letterhead.

New York State Department of Commerce
Commissloner Neal L. Moylan, Rm. 426

Please send the following:

Tax Advantages Plant Financing
for Business
world's Richest0 Consumer Market

o Internationat
Commerce

business subjects, the Commerce Depart- .

:

:
:
:

:

:

112 State Street, Albany, N.Y. 12207 :
:

:

Industrial-Location ( information on

sumption society, but we don't really their management. Services New Tax Benefit
:

:

w R
STATE DEPARTMENT OF COMMERCE



By CHRISTOPHER LYDON
Special to The New York Times

Proxmire's amendment to deleteWASHINGTON May 17

66M
Senate backers of the super- all SST funding
sonic transport acknowledged But Senator wasthat the chances for

enate SST Hopes Fade;
OzonePeril CalledGrave

revival of the SST were dwin- that the cause was hopeless
a said to be convinced

dling rapidly under the weight and that Congress shouldof its projected costs

Senator Henry M. Jackson, {had invested in the program.Democrat of Washington, I the House, Representativeasked his colleagues to recon- Sidney R. Yates, a leader ofsider the matter, but he spoke the SST opposition, said that

chamistry at the University of ferees last year, Mr. Yates, anCalifornia at Berkeley declared Illinois Democrat, said he felt
today that a full fleet of 500/confident this time, largely onSST's operating seven hours basis of the recent estimate
day would destroy half of the|by William M. Allen, the Boeingearth's protective ozone layer-|company's board chairman, whonot the roughly 2 per cent that|said last week that a revised

a report issued last winter. gram Congress killed lastDr. Harold Johnston, whol March.
made the findings, said they In the Senate discussion to-
had already been submitted tojday, there was no effort to

In five hours that had been nate the program. Senatorset aside to debate the House's Magnuson was reported to be

without further delay to termi-

:

$85-million appropriation
further SST development, appropriation of $155-miliion to

prepared to support a substitute
defender of the plane was pay off the Government's debtsM heard Later this afternoon, to contractors and airlines that

briefly and with little of the
passion he had devoted to SST if the Senate killed the develop

ment funding he would move
to instruct House members ofdebates in the past
a joint conference committee toSenator Warren G. Magnu

son, his fellow Washington accede to the Senate positionDemocrat and a strong SST
supporter, did not speak on the Opponent Is Confident
matter at all. Although he lost just suchMeanwhile, professor effort to nstruct SST con-!

1 other scientists viewed as a
potential skin cancer hazard in 1

SST program would cost up to
billion more than the pro

President. Nixon's Sera

Rad b
ha ipe inns

pro-

Senator Allen J. Ellender, a

While earlier disputes about: chairman of the AppropriationsSST and ozone dealt with the Committee and has supported

SST exhaust on the chemicaljvote against restoration until
reaction that generates ozone,|the new costs were measured.
Dr. Johnston's study identifies;But he added: "If the amount
nitrogen oxides in the SSTiof the new contract is in-
fumes as the more destructiveicreased as much as $50-million
agent, speeding up the changelor $100-million, this Senator
of ozone to oxygen by a factorjfrom Louisiana is going to be

year of full-fleet operations, Dr.jrects White House lobbying on
Johnston said in a telephone/Capitol Hill, said yesterday
interview, for SST's to depletethat the Boeing Company, a
half of the stratospheric ozone|prime SST contractor, was
that shields the earth from thelsharply reducing Mr. Allen's
sun's ultraviolet radiation. Sci-icost estimates. But there was
entists argued in the SST de-|no sign of a new figure today,
bate last March that even a l!and a spokesman for John A.
per cent reduction of ozonei/Volpe, the Secretary of Trans-
would increase radiation enough portation, said that his depart-
to cause an additional 10,000:ment did not expect to have ant
cases of skin cancer a year imialternative cost estimate soon.
the United States. Senator Proxmire, the Wis-:
Senate opponents of the SST consin Democrat who leads thel

indicated today that they were anti-SST forces, said that in ad-
aware of Dr. Johnston's study dition to the extra start-up
but that they had not intended costs in the prototype program,
to introduce the subject so soon Boeing was asking the Govern-

expect to win. of mass production.
The Senate has reserved two| "This is very likely to be a

hours more Wednesday morn- 85-billion program,' Senator

vote is scheduled Wednesday'asking ourselves where that!
evening on Scnator William! money is coming from."

Louisiana Democrat who is

Gs AAUAIA LAIMI Soi bETOre, Niaid ne wouidi: :

of 4,600.
It would take less than aj- Clark MacGregor, who di-

lagainst the SST from now on.

:

1 before a vote that they already ment to finance the heavv costs

ing for debate on the SST. A; Proxmire said We should keep



EXECUTIVE OFFICE OF THE PRESIDENT
OFFICE OF SCIENCE AND TECHNOLOGY

Washington, D.C. 20506
395-3586

FOR IMMEDIATE RELEASE MAY 7, 1971

REPORT ON 2,4,5-T

Dr. Edward E. David, Jr., Science Adviser to the President and Director
of the Office of Science and Technology, today released a report of the
President's Science Advisory Committee on the herbicide, 2,4, 5-T. The
report was prepared by a special Panel on Herbicides of the President's
Science Advisory Committee.

The Panel was given responsibility for examining all of the various kinds
of scientific information which formed the basis of Government practices
and regulations of a number of herbicides used domestically and abroad.
The report reflects a detailed review of the chemistry of 2,4,5-T, what is
known of its toxicity to man and to other environmental elements, knowledge
of residues in the environment and their significance, as wellasa discussion
of the uses of 2,4, 5-T and their importance.

The report examined in detail the amount and types of scientific information
available specifically for this herbicide. In addition, this review represents
an outstanding case study of Government regulation of pesticide including
the scientific resources available to the Government to aid in its policy
decisions.

The recommendations in the report deal with a number of scientific details
ouch specifically
Tems of regulation,

of background research and testing f pesticides. Th

scientific understanding, and monitoring as they apply pesticides inon the subject of teratogenesis. They also deal with :

general but as exemplified by the experience with 2,4,5-T.

Copies of the report ''Report on 2,4,5-T'! are available from the Superintendent
of Documents, U.S. Government Printing Office, Washington, D.C., 20402

at a cost of 40 cents a copy.

A check or money order made payable to the Superintendent of Documents

must accompany your order.
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STORMFURY Panel.

Members:

Dr. Herbert A. Simon - Chairman
Dr. Solomon J. Buchsbaum
Dr. Myron Tribus
Mr. Carl Savit - OST Staff Representative
(Several prospective members have been contacted and are
awaiting proper clearances).

Project STORMFURY is a research effort to study the structure and
dynamics of major cyclonic storms and to modify these storms through
selective seeding. Work to date has been done almost entirely on
hurricanes of the Tropical North Atlantic, Caribbean, and Gulf of Mexico.
Two successive seedings of Hurricane Debbie demonstrated some success.

A decision-theory analysis made by the Stanford Research Institute
suggests quite strongly that operational seeding of at least some hurricanes
should begin immediately; that the risk of not seeding is greater than that
of seeding. A contrary body of opinion by conventional meteorologists
holds that additional experimental data is required.

It has been provisionally decided to move the project to the Western Pacific
as soon as practicable in order to increase experimental opportunities.
Experimentation could then be performed on the frequent typhoons without
the political constraints of the present arena.

A PSAC presentation on Project STORMFURY arranged by NOAA was made

by the project staff from Miami, by the Stanford Research Institute group,
and by DOD at the meeting on January 18, 1971. This was a technical
presentation and identification of the underlying scientific and policy questions.

After this presentation it was concluded that caa PSAC Panel should be set up
to study the principal issues including:

a) whether there is sufficient experimental data to justify moving
STORMFURY into the operational phase,

b) whether there is an adequate legal and political framework for the

conduct of hurricane modification operations affecting the U.S.
If not, how can such a framework be developed?

The first meeting of the Panel is scheduled for Friday, February 26,
in the Executive Office Building, Room 285.
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POLICIES GOVERNING OPERATIONAL USE OF

HURRICANE MODIFICATION MEASURES

(Preliminary Issues Paper)

1. On the basis of the evidence now available from experiments in
the modification of hurricanes, the scientists involved believe
that there is a substantial probability that peak wind velocities
of hurricanes can be reduced, on average, and only a small prob-
ability that abatement measures will increase peak wind velocities.

2. Using estimates made by these scientists of the probabilities in-
volved, and the natural variances in hurricane behavior, there is
a substantial expected gain from attempting modification, and this
gain does not disappear even when penalties are attached to actions
that have an apparent adverse effect. The conclusions of the analy-
sis are not unduly sensitive to the exact assumptions made about
the underlying probabilities,

3. In the analyses that have been made, maximum wind velocity has been

used as the sole figure of merit. Little or nothing is known as

yet about the possible effects of modification measures upon hur-
ricane paths (although there is some reason to believe these effects
will be slight), upon temporal duration of high winds, upon ocean

waves and flooding, or upon rainfall.
4. The experiments will be shifted from the Atlantic to the Pacific

Ocean on 1972, and requests have already been received from several

governments to make them operational.
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In this situation, the decision whether to go operational
needs to be examined in the light of the following questions:

1. Whether the existing evidence regarding effects on maximum

wind velocities is sufficient to justify a decision to make

an operational experiment of any kind until further data
from off-shore experiments are available.

2. Whether evidence needs to be gathered and analysed on other
figures of merit--wind durations, flooding, and rainfall--
before any operational experiments are undertaken.

3. What procedures should be instituted to obtain broad public .

understanding and/or consent before operational experiments
are undertaken.

4, What special groundrules should be established: (a) for oper-
ational experiments on foreign shores, and (b) for off-shore
experiments on hurricanes that may later strike foreign
territory.
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SPECIAL ANALYSIS O
FEDERAL ENVIRONMENTAL PROGRAMS

This analysis identifies Federal funding for selected environmental
activities. It covers:

e Pollution control and abatement activities;
Selected activities to protect and enhance the environment; and

conditions.

Sewer nd water programs

Activities to understand. describe. and predict environmental

PoLLuTION Controt AND ABATEMENT
Federal funding for pollution control and abatement activities in

1972 will increase signif1cantly over 1970 and 1971:
{In millions of dollars]

1970 1971 1972 Percent
actual estimate estimate increase

over 197]
Budget authority 1,432 1,828 3,127 71
Obligations 1,071 2,036 3,088 52
Outlays 1 1,176 2,014 71

The largest share of the increase is for grants to State and local
governments for construction of municipal waste treatment facilities.
Grants were made for 1,050 treatment facility projects in 1970; 1,650
grants are expected in 1971, and 2,000 in 1972. Grants also provide
support for pollution control agency operations and for planning.
Budget authority for grants will increase by 89% over 1971, from
$1,108 million to $2,089 million. Outlays will increase by 112%,
from $533 million to $1,131 million.

Table O-1. POLLUTION CONTROL AND ABATEMENT ACTIVITIES
(in millions of dollars)

Budget authority "Outlays
Type activity

1970 1971 1972 1970 1971 1972
actual estimate actual estimate estimateestimate

Financial aid to State and local
governments 874 1, 108 2,089 288 533 1,131

Research, development, and
demonstration 344 390 426 296 378 398

Federal abatement and control

Reduce pollution from Federal

Total 1, 432 1, 828 3, 127 751 1,176 2,014

80 123 122 72 98 7
16 19 20 12 15 19

operations
Manpower development

facilities 72 13 250 32 8 185
Program direction and other. _- 48 62 135 52 61 110
Separate transmittal 1 13 85 4 56

1 Not reflected in preceding activity lines are proposals that will be transmitted subsequently
for $13 million in budget authority for 1971, and $85 million for 1972 for EPA for implementing
air quality and solid waste legislation and other activities.

219
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clude efforts to determine and describe pollution sources and
effects and to develop and demonstrate technology for monitoring

monitoring, and surveillance; standard setting and enforcement;

Manpower development, ranging from training of treatment
plant operators to researchers at the graduate level.

Budget authority will increase by 121%, from $113 million to
$250 million, primarily in the Department of Defense, for remedial
rojects to reduce pollution from Federal facilities as required by
xecutive Order 11507, February 4, 1970. This is a major step toward

the goal of having all essential Federal projects underway by December
31, 1972.
Agencies involved.-Major Federal activities to control and abate

pollution were consolidated in the Environmental Protection Agency
(EPA) on December 2, 1970, by Reorganization Plan No. 3. However,
several other agencies carry on important pollution control activities,
as indicated in table O-2.
Table 0-2. POLLUTION CONTROL AND ABATEMENT ACTIVITIES-BY

AGENCY (in millions of dollars)

Budget authority Outlays

actual estimate estimate actual estimate estimate

Environmental Protection Agen-
cy! 1,046 1,297 2,440 388 695 1,359

Defense-Military.........- 89 126 193 39 83 147
Atomic Energy Commission- 120 125 127 116 126 125
Agriculture 60 96 77 91 93 107
Defense-Civil 3 1] 56 3 it 56
Interior 36 47 68 37 48 65
Transportation 17 49 60 27 54
Commerce 19 28 29 22 28 34
General Services Administration. 1 1 19 ] 1

National Aeronautics and Space
Administration. _ _ __ al 17 16 15 17 13

National Science Foundation_ 7 13 17 7 12 14
Other agencies 12 18 25 23 36 38

Total 1, 432 1, 828 3, 127 751 1,176 2,014

1 Funding shown above for EPA has been adjusted to include activities actually carried out by
Departments of Health, Education, and Welfare; Agriculture; Interior; Atomic Energy Commis-
sion; and Federal Radiation Council pior to Dec. 2, 1970. The budget authority adjustment is $42
million in 1970 and $14 million in 1971, and the related outlay adjustment.is $37 million in 1970
and $17 million in 1971
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Funding for EPA will increase sharply in 1972. Budget authority foractivities now carried on by EPA will increase by 88% in 1972 from
$1,297 million to $2,440 million. Outlays will increase by 96% from
$695 million to $1,359 million. EPA's program of grants for waste
treatment facilities will be doubled-from $1 billion to $2 billion an-
nually with the goal of assisting States and localities in reducing the
Nation's backlog of treatment facilities needs. Other major increases
will provide for implementing the new air quality and solid waste
legislation, for increasing grants for State and local pollution control
agency operations, increasing planning activities, increasing research
on water supply purity, expand cost-sharing arrangements with

expanding the program for developing low-pollution motor vehicles,and increasing EPA's efforts directed toward identifying the magnitudeof pollution problems and determining benefits and costs associated
with alternative corrective actions.

Other agencies also carry out important pollution control and abate-
ment activities. For example, the Department of Defense will expandits effort to reduce pollution from its industrial production facilities
and military bases and step up research on abating pollution from
naval vessels and jet engine run-up facilities.
The Atomic Energy Commission will continue its major program of

research, development and monitoring relating to effects of ionizingradiation.
The Department of Agriculture makes grants and loans for waste

'treatment facilities in smaller localities and conducts research on
agriculturally related pollution such as pesticides, animal and crop
processing wastes, and fertilizer and plant nutrients. Increases in 1972
are largely for reducing pollution from facilities in national forests.
Pesticide registration activities, formerly conducted in the Depart-
ment, were transferred to EPA.
The Department of the Interior will continue research relating to

pollution sources and effects, will expand activities to reduce pollutionfrom facilities in the national parks, and will increase research in
methods of converting coal to low pollution fuels. Water pollutioncontrol and certain pesticides activities were transferred to EPA.
The Corps of Engineers will construct dikes for the containment of

polluted material dredged from Great Lakes harbors.
The Department of Transportation will increase funding significantlyfor work on reducing aircraft engine noise, studying environmental

effects of supersonic aircraft and reducing pollution from Coast Guard
installations.
The Department of Commerce provides grants for waste treatmentfacilities under economic development programs and the National

Oceanic and Atmospheric Administration conducts research on sources
and effects of pollution and engages in environmental monitoring.The General Services Administration will have increased funding in
1972 for pollution reduction at Federal installations.
The National Aeronautics and Space Administration activities consist

primarily of research and development on reduction of aircraft noise.

Funding will also increase for:
Research, development, and demonstration activities hich in-

and controlling pollution (work is performed in Federal labora
tories and under contracts and grants with educational institu
tions industry and others);
Direct Federal pollution control perations including planning
nd technical assistance; and

ing
private industry to develop technology for controlling sulfur oxides

Agency
1970 1971 1972 1970 1971 1972
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Most pollution abatement activities of the Department of Health,
Education, and Welfare have been transferred to the Environmental

standards, water hygiene, and certain radiation activities.
Media polluted and pollutants--Pollution control and abatement

activities are generally focused on reducing pollution in air or water
or reducing adverse effects of particular pollutants such as pesticidesor radiation. Table O-3 summarizes the total Federal effort in terms
of media polluted and also identifies funding associated with selected
pollutants. Among the media, water pollution currently receives the
greatest share-80%-of total Federal pollution control obligations.This large share is a result of grants and loans for construction of

Air pollution control efforts account for 11% of the total. PrincipalFederal efforts in 1972 will be directed toward research, development,and demonstration; grants to State and local air pollution control
agencies; and direct.}Federal operations such as monitoring, standard
setting, and enforcement. Funds to implement new air quality legisla-tion will be proposed in a subsequent request to the Congress. Activi-ties relating to pollution of land are for research and other activi-
ties concerned with effects of acid mine drainage, nutrients, pesti-
Federal pollution control activities relating to radiation, pesticides,solid wastes, and noise are largely confined to research relating to

effects, control technology, and standard setting and enforcement.
Funds to implement new solid waste legislation will be contained in
a subsequent request.
Table 0-3. POLLUTION CONTROL AND ABATEMENT ACTIVITIES-BY

MEDIA OR POLLUTANT (in millions of dollars)

ObligationsMedia or pollutant
1970 1971 1972

actual estimate estimate

Media polluted:
ater:

Air 189 234 341
Land 35 42 46

Total + 1,071 2,023 3,003
Selected pollutants: 2

Pestcdes 30 42 54
Radat'on 116 124 129
Noise 36 43 66

1 Excludes $13 million in 1971 and $85 million in 1972 for EPA which will be proposed in a sepa-rate transmittal (see footnote for table 1).
2 These funds are included in the ''media"' breakdown above.
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Excluded from the funding shown above for pollution control andabatement activities are:
* activities to reduce or avoid the use of pesticides. Funding for suchactivities is expected to be approximately $57 million in 1972 forbothresearch and education programs, largely carried out bythe Department of Agriculture; and* activities that aré carried on for some other primary purpose butwhich also contribute to the reduction of pollution. For example,extensive activities to hold soil in place to preserve soil productiv-ity, such as those financed by the Department of Agriculture, andother erosion control activities by Corps of Engineers and Depart-ment of Transportation (highways), have been excluded from this
analysis even though these activities also serve to reduce sedimentpollution of water.

Protection Agency, including air pollution, solid waste, pesticides

municipal waste treatment facilities

SEWER AND WaTER PRoGRAMS
Federal programs of grants and loans for the construction of sewerand water systems are directed toward a variety of objectives, includ-ing economic development, urban and rural development, and in some

cases, pollution control.
[In millions of dollars}

Percent1970 1971 1972 increaseactual estimate estimate over 1971
cides, and other substances

Budget authority 252 500 1124
1 389Obligations 422

364 382 446 17Outlays
1 Budget authorit and for water and sewer grants Il decline 1972 as grant programsadministered by UD and are merged into Special revenue-sharing programs

Grants and loans to finance water system and sewer line constructionare made by five Federal agencies. The Department of Housing andUrban Development, as a part of its community development efforts,provides assistance for basic sewer and water facilities. $100 millionin new grant reservations will be made by December 31, 1971. On
January 1, 1972, the program will be folded into the Urban CommunityDevelopment Special Revenue-Sharing Program. Public facility loans,about 67% of which are used to finance sewer and water facilities, willbe increased by 62% in 1972.
The Department of Agriculture provides grants and loans for basicsewer and water facilities in rural communities with population not inexcess of 5,500 people. Approximately one-half of the $25 million

Special Revenue-Sharing Program. Agriculture's loans, about 78% ofwhich are used for water and sewer facilities, will be increased by 18%.The Department of Commerce provides assistance to municipalitiesas a part of its economic development efforts. Budget authority willnot increase, but outlays for this program will increase by 27% from
$62 million in 1971 to $79 million in 1972. Other agencies providingsewer and water system grants are the Appalachian Regional Commis-sion and the Department of the Interior (for the Trust Territory).Grants and loans made by Environmental Protection Agency,Agriculture, Commerce, and Housing and Urban Development forwaste treatment plants and interceptor sewers are included in thesection on pollution control and abatement.

Construction grants and loans 491 1,256 1,974
Other 186 296 425

remainder will100 97 110 budgeted f r grants will be obligated prior to January 1. 1972, and the
69 98 107

Other (e.g., living things materials)
Multi-media (i.e., than above) be folded into the Rural Community Development

Solid wastes 20 39 50
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Table 0-4. SEWER AND WATER PROGRAMS (in millions of dollars) !

Budget authority Outlays

actual estimate estimate actual estimate estimate

Purpose:

Total 252 500 124 364 382 446

Agencies:
Housing and Urban Develop-

ment 135 350 0 133 18 192
Agriculture 25 52 27 14 140 163
Commerce (economic devel-
opment) 81 84 84 60 62 79

Other agencies 14 13 6 12 12

Total 252 500 124 364 382 446

1 Funds provided by the above agencies which are for construction of waste treatment facilities
on pollution control and abatement for purposes of this analysis. Funds shown in above table are for

SELECTED ENVIRONMENTAL ENHANCEMENT ACTIVITIES
Federal funding will increase for environmental protection and en-

hancement activities such as providing recreational areas and open
space, fish and wildlife preservation, and beautification programs.

[In millions of dollars}
Percent

1970 197] 1972 increase
actual estimate estimate over 1971

Budget authority 628 875 1, 108 27
ObIgatons 586 748 1,018 36
Outlays 553 730 846 16

Protection and enhancement activities-The Federal Government
provides grants to State and local governments for acquiring land for
recreational purposes, for preserving open space and historic properties,
and for fish and wildlife refuges. Aid is also provided for research and
planning; construction and maintenance of recreational facilities and
wildlife refuges; and for promoting beautification such as highway
landscaping. Similar activities are also carried on directly by several
Federal agencies. Funding for many of these activities will increase
sharply. For example, budget authority for grants to State and local
governments to acquire recreational and open space lands will increase
by 61%, from $140 million in 1971 to $226 million in 1972. Grants for
development of recreational areas will increase by 127%, from $120
million in 1971 to $272 million in 1972.

SPECIAL ANALYSES 225

Table 0-5. SELECTED ENVIRONMENTAL PROTECTION AND
ENHANCEMENT ACTIVITIES (in millions of dollars)

Budget authority OutlaysActivity
1970 197] 1972 1970 1971 1972
actual estimate estimate actual estimate estimate

Financial aid to State and local
governments:

Purchase recreation and open
space lands 80 10 226 51 75 107

Develop recreational areas, re-
lated activities 55 120 272 53 53 100

Historic properties 3 7 6 2 7 7
Preserve fish and wildlife_. 51 56 63 45 60 69
Beautification (eg., high-
ways) 62 116 12 62 79 87

Subtotal 252 440 679 214 275 371

Direct Federal activities:
Purchase nationally important

Develop recreational facilities,

Historic properties 2 2

Preserve fish and wildlife. _ _ _ 66 73

Total 628 875 1, 108 553 730 846

1970 1971 1972 1970 1971 1972

Sewer grants 102 205 44 72 88 116
Sewer loans 4 3 4 14 17 18

142 287 71 112 138 168Water system grants
4 4 5 165 139 144Water system loans

11

163

34
63
10

339

15t

193

44
73
It

474

158

177

36
71
10

454

areas 138 9885 68

related activities 18] 197158
2 2

Park roads and trails 37 48
or interceptor sewers, often counted as part of sewer and water programs, are included in the section 1

56
2, or 3 6water supply systems and collecting sewers. They are not included in tables O-1,

Beautification 10 WW10

Subtotal 434 429376

Agencies involved.-The Department of the Interior accounts for ap-
proximately 61% of the environmental protection and enhancement
activities described in this section. Interior's budget authority for
these programs will increase by 138%, from $552 million in 1971 to $624
million in 1972. Most Interior activities are carried out by the Bureau
of Outdoor Recreation, including the land and water conservation
fund; the Bureau of Sport Fisheries and Wildlife; and the National
Park Service. The 1972 budget for the land and water conservation
fund provides a major increase for grants to State and local govern-
ments to help them meet the increasing demand for local recreation
areas, especially those located in or near major cities. Federal land
purchases financed from the fund are made by several Federal agencies
to preserve nationally important natural and historic areas, including
endangered species habitats. Newly authorized areas for which funds
are provided to begin initial acquisition in 1972 are Apostle Islands
National Lakeshore, Sleeping Bear Dunes National Lakeshore,
Voyageurs National Park, Gulf Islands National Seashore, Chesapeake
and Ohio Canal Historic Park, and Andersonville National Historic
Site. Emphasis will also be placed on acquisition of lands in older
natural preservation areas and parks such as Everglades National
Park. The Bureau of Sport Fisheries and Wildlife provides assistance
to State and local governments for fish and wildlife restoration and
establishes Federal refuges. The National Park Service emphasizes
resource protection, construction and maintenance of visitor facilities
at national park system areas and park roads, trails, and highways.
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The Department of Housing and Urban Development provides grants
to help States and localities acquire and develop open space lands. In
1972, the open space program will be reoriented to help meet the grow-
ing recreational needs in urban areas. New emphasis will be given to
the development of small neighborhood parks in and around cities.
To support this initiative, budget authority will increase by 167%,
from $75 million to $200 million.

The Department of Transportation provides assistance to State and
local gvernments for highway beautification activities, including

tral of advertising and junkyards, landscaping, and scenic ease-
ments. Budget authority for such DOT activities will increase by
11%, from $97 million to $108 million.

The Department of Agriculture carries out a variety of environ-
mental enhancement activities, particularly through the Forest
Service. The 1972 budget authority will increase by 16%, from $83
million in 1971 to $96 million in 1972.

The Corps of Engineers provides facilities for water based recrea-
tion at reservoirs and other public works.

The Department of Commerce provides assistance to State and local
governments through its economic development programs for the
development of recreational areas.

Table 0-6. SELECTED ENVIRONMENTAL ENHANCEMENT ACTIVITIES, BY
AGENCY (in millions of dollars)

Budget authority Outlays
Agency

actual estimate estimate actual estimate estimate

Interior 366 552 634 307 452 517

Total 628 875 1, 108 553 730 846

UnperstanDING, DESCRIBING, AND PREDICTING THE ENVIRONMENT !

Federal agencies conduct a wide variety of activities to understand,
describe, and predict environmental conditions. Objectives range from
the provision of routine weather forecasts to the scientific understand-
ing of complex ecological systems. Funding for these activities will
increase in 1972.

estimate estimate estimate over 1971

Activities-Over half of the funding for this category supports
environmental observation and measurement to describe and predict
weather and ocean conditions and disturbances such as earthquakes.

1 This section excludes activities reported under Pollution control and abatement.

SPECIAL ANALYSES 227

Budget authority will increase by 9%, from $486 million in 1971 to
$528 million in 1972 for research, development, and operational
activities in this category. Funding will also be increased, but less
sharply, for:

Locating and describing natural resources;

purpose of preparing maps and charts; and
e Weather modification.
Additional emphasis will be placed upon research to develop a

better understanding of the impact of the environment on man, for
which budget authority will be increased by 42%, from $33 million
in 1971 to $47 million in 1972; and on ecological and other basic en-
vironmental research, for which budget authority will be increased by
51% from $49 million in 1971 to $74 million in 1972.

Survey activities, to describe the physical environment for the

Table 0-7. UNDERSTANDING, DESCRIBING AND PREDICTING THE
ENVIRONMENT, BY TYPE ACTIVITY (in millions of dollars)

Budget authority Outlays
Activity

1970 1971 1972 1970 1971 1972
actual estimate estimate actual estimate estimate

Observe and predict weather and
ocean conditions, disturb-
ances:

Locating and describing natural
resources:

Physical environmental surveys:

Research on environmental im-

Ecological and other basic en-

Total. 719 867 950 702 810 917

Research and development - - 120 139 154 105 128 152

Operations -- 299 347 374 305 343 375

1970 1971 1972 1970 1971 1972

Research and development - - 100 145 10 95 110 124

Operations 61 74 75 60 74 74

ment 75 75 200 43 72 10 Research and development . - 4 4 4 4 4 4

Transportation 42 97 108 51 60 69 Operations. _ 54 60 66 54 57 65Housing and Urban Develop-

Weather modification 12 16 17 12 16 7
43 46 47 43 46 47

Commerce {2 13 14 20 9 8
26 33 47 25 30 38Agriculture 81 83 96 80 81 94

Defense-Cvl pact on man

Other agencies 8 10 10 9 10 10 4 50 75 48 68vironmental researc 4]

merce accounts for about one-fourth of all Federa1 activities. The
Department's activities are carried out by the National Oceanic and
Atmospheric Administration which was created on October 3, 1970,
by Reorganization Plan No. 4, and includes the former Environmental
Science Services Administration and activities transferred from the
Departments of the Interior, Defense, and Transportation and the
National Science Foundation. NOAA carries on a wide range of
environmental observation and prediction activities, including
weather, river and marine forecasting; mapping and charting; de-
velopment of instrumentation; data dissemination; and related
research. Budget authority will increase by 4%, from $226 million in
1971 to $235 million in 1972, with increases providing for improved
public weather services; hurricane and tornado warnings; weather
modification experiments; earthquake and seismic research; satellite
procurement; and development of ocean data buoys.

Agencies involved In this overall category, the Department of Com

[In millions of dollars] Percent
1970 1977 1972 increase

Budget authority. _ _ - - - 719 867 950 10

Outlays 702 810 917 13Obligations 710 880 956 9
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Table 0-8. UNDERSTANDING, DESCRIBING AND PREDICTING THE
ENVIRONMENT, BY AGENCY (in millions of dollars)

Budget authority Outlays
Agency

1970 1971 1972 1970 1971 1972
actual estimate estimate actual estimate estimate

National Aeronautics and Space

Total 719 867 950 702 810 917

prior to Oct. 3, 1970. The budget authority adjustment is $25 million in 1970 and $9 million in 1971,
and the related outlay adjustment is $15 million in 1970, $14 million in 1971, and $7 million in 1972

Within the Department of Defense, both the Navy and the Air
Force carry out weather and ocean observation and prediction, and
mapping and activities important to military operations.
Funding for these activities will decline slightly in 1972.
The National Science Foundation supports research activities

important to the understanding of environmental problems. Budget
authority will increase by 75%, from $92 million in 1971 to $161
million in 1972, with the increases providing for greater emphasis in
nearly all areas of environmental research through such programs as
the International Biological Program, and the International Decade
of Ocean Exploration.
The National Aeronautics and Space Administration conducts

activities concerned with the application of satellite technology to

atmospheric sciences and measurement of earth resources.
The Department of the Interior carries out such activities as geologic

investigations, topographic mapping, weather modification, and water
resources research. Increases in 1972 will provide principally for
expansion of Interior's work on application of remote sensing data
from aircraft and spacecraft to earth resource measurement.
The Department of Agriculture conducts such activities as soil and

river basin surveys, research and surveys relating to forest and timber
management, and basic ecological research.
The Department ofHealth, Education, and Welfare conducts a variety

of activities relating to environmental impact on man, principally
research at the Department's National Institute of Environmental
Health Sciences.
The Department of Transportation conducts oceanographic and

meteorological research and surveys, largely through the Coast
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'The Smithsonian Institution conducts a variety of programs dealing
with environmental impact on man and is developing baseline
ecological information. Increases in 1972 will provide for substantial
expansion of ecological research.

OTHER ENVIRONMENTAL ACTIVITIES

The meaning of the term "environment" is still subject to widely
varying definitions. This first special analysis of Federal funding for
environmental activities has been limited to selected areas. Among
the areas of federally funded activity important to environmental
understanding and environmental quality not included in this analysis
are:

e Environmental education;
Preventing or correcting environmental degradation resulting
from public works or natural resource exploitation;
Management of public lands;
Population control and population distribution;
Programs that are justified and conducted for some other primary
purpose (e.g., R. & D. on improved methods for producing energy
and undergrounding high-voltage electric transmission lines) but
which may have significant environmental quality or natural
resource conservation benefits; and
Federal activities conducted outside the United States, including
scientific activities overseas financed with special foreign currency.

Commerce! 193 226 235 10 219 245
Defense-Military 178 194 185 178 194 185
National Science Foundation._ 60 92 161 61 88 136

Administration 87 129 75 88 106

Interior 103 131 102 116 129
51 53 52 51 54 52Agriculture

17 18 22 18 22
Health, Education, and Welfare 17 21 25 17 20 23

Transportation 1

Other agencies 3 7 7 2 60 60Smithsonian Institution - - - 10 16 14

1 Funding shown above for Commerce has been djusted to include activities actually carried out
by the Departments of Defense, Interior, and Transportation and National Science Foundation

Guard





Current Panels,

PSAC Panel on Chemicals and Health].

2. Membership
Dr.
Dr.

John W. Tukey (Chairman)
John D. Baldeschwieler

Dr . John A. Baldwin
Dr . Nyle C. Brady
Dr . John J. Burns
Dr. Theodore L, Cairns
Dr . Alfred Gilman
Dr . Richard Hall
Dr . Roland N. McKean
Dr. Norton Nelson
Dr. Oscar N. Ruebhausen.
Dr . Laurence H. Tribe
Dr . James Whittenberger
Dr . Bryan Williams

Advisers

Dr.
Dr.
Mr.
Dr . Philip Handler
Dr . Colin M. MacLeod
Dr . Jesse Steinfeld
Dr . Charles Edwards

Herbert E. Carter
J. Clarence Davies
Charles Elkins



3, Terms of Reference

A very large number of chemical substances are purposefully
introduced into socicty which minge

directly on man. Therapcutic
drugs are perhaps the most obvious. In addition, however, there are

more than 60,000 registered pesticide formulations on the Fedcral rolls
and there is an uncertain but very long list of food additives which are

used to improve certain qualities of food substances.

Large segments of the population are subjected to these chemicals

for very long periods of time. In spite of this level of exposure, the

understanding in any depth of the physiological hazards and toxicity of

many of these chemicals iS generally not available. The technology of

development of these chemicals has not been matched by corresponding

biological understanding of them. of particular concern are potentially

deleterious effects on health resulting from long-term exposures to

low levels of these chemicals, alone or in combination.

Occasional incidents call this matter to public attention. Recent

examples have included cyclamates, pesticide residues, and oral contra-

ceptives. Thus far, each case has becn treated individually--usually in

a manner reactive to a variety of pressures of the moment and rarcly if

ever reflective of a sufficient background of objective information. At

the same time, the number of chemical substances in use continucs to



ancrease as do the corresponding chances of human exposure, It appears
desirable that the whole situation be addressca at once with a vicw towards

ascertaining whether the public halth and well-being are adequately safe-
guarded, and if not, what actions should be set in motion.

A PSAC panel is being established to explore this situation. It should

consider such gucstions as:

1. How much assurance of safety should we require?
2. What kinds and levels of research must be performed to reach

a desired level of understanding?
3. What resources will be required? What will be required in

terms of organizational and financial arrangements, including
'research facilities?

4. How are the results of research best put to use in the decision-

making process? How should the research and research results

be related to the regulatory process?
/

What organizational and

institutional arrangements are needed for social decision-making
and education at the various levels of decision-making within the

Federal Government and in the community-at-large?
NOTE: There are many other substances that result from man's activities
that may affect man directly, such as asbestos fibers, air pollutants, ctc.
To the extent reasonable, the study may consider these, too, although it
is recognized that the actions to control these substances may be quite
different from those required to control the previously described substances.

N



6.

Status of Work - Accomplishments4.

The Pancl met for the first time on December 15, 1970, and
has held a total of two (2) mectings. During the course of
these two meetings, the Panel has reccived briefings on the
following subjects:

1) Economics of the development of drugs (including oral
contraceptives),

2) Economics of the development of pesticides.

3) The industry view of how Government imposed obliga-
tions and regulations perturb the economic outlook for
these substances,

4) Laboratory and clinical research and its relation to the
understanding of the safety of chemical substances in man's
surroundings - (The Panel was briefed on the disparity be-
tween the current level of understanding of biological pro-
cesses and the type of toxicological testing generally applied
to chemical substances in the past).

5) A review of current Government programs of basic and
directed research in this area.

6) A review of Government programs aimed at development
of new products (such as oral contraceptives).

7) A previcw of forthcoming legislative initiatives.

8) A review of new Government laboratorics.

Other Remarks

Enclosure - "Background Paper on Toxicological Research and
the Development of Chemical Agents"'



INACTIVE PANELS

1. Name of Panel

PSAC Panel on Herbicides

2. Membership

Dr. Colin M. MacLeod (Chairman)
Dr. John D. Baldeschwieler
Dr. Nyle C. Brady
Dr. Emmanuel Farber
Dr. Paul Kotin
Dr. Brian MacMahon
Dr. Norton Nelson
Dr. L. Dale Newsom
Dr. John W. Tukey
Dr. James G. Wilson
Dr. David Pimentel, Consultant

3. Terms of Reference

The Panel on Herbicides was established to examine the
technical aspects of current defoliation agents, procedures
and programs. The panel examined the available data on

health-related effects of the herbicides 2,4,5-T and similar
compounds currently in use for defoliation (2,4-D, picloram,
orange, white and blue mixtures) in order to advise the
Science Adviser:

Whether the steps taken to control the use of 2,4,5-T
in this country and overseas are adequate.

Whether restrictions of additional defoliants are called
for at the present time.

Whether the herbicidal research programs in being or

proposed by the several departments of government
are sufficient to provide a sound basis for future

judgments concerning constraints on the use of herbi-
cides needed to protect the health of the public.
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(Inactive Panels (Cont'd. )

4, Status of Work

Two reports were written, Report on 2,4,5-T and Report on
2,4-D. Each of these reports has been reviewed by the
various interested Government agencies. It is expected that
the report on 2,4,5-T will be published shortly. It is hoped
that the report on 2,4-D will follow.

5. Accomplishments

As a result of the examination of these two herbicides, the
following Government actions have ensued:

a) Additional research on the teratogenesis effects of the
herbicide, 2,4,5-T was performed.

b) Policies governing both the domestic and military use
of phenoxy herbicides were reviewed and revised.
Restrictions were imposed in some cases.

c) New proposed legislation for pesticides has reflected
one of the Panel's recommendations (temporary restriction
on the use of a pesticide on the occasion of new and
unexpected research finding, which implicate the chemical
as a human health hazard).



1. Name of Panel

OST Task Force on Hazardous Trace Substances

2. Membership

Dr. Norton Nelson (Chairman)
Dr. Roy Albert
Dr. Samuel Epstein
Dr. Michael Fleischer
Dr. Paul Hammond
Dr. Harold Hodge
Dr. Adel Sarofim
Dr. Thomas Winter, CEQDr. William Drury
Terms of Reference3.

A number of groups within and without the Government have
been concerned with aspects of substances which exist in the
environment in trace quantities and which may be injurious
to man's health or to other environmental organisms.

A group of advisers were asked to assess the scientific infor-
mation available in this area and to consider needs of the
Federal Government.

The Task Force will review the work in progress of other
groups (such as the National Academy of Sciences) and the
(Council on Environmental Quality). In addition, it will design
and test an instrument for providing scientific information on
biological effects, environmental effects, natural background
distribution, and man-imposed perturbations on the distribu-
tion of hazardous substances. The Task Force will approach
this by working through at least three case studies -- cadmium,
arsenic, and polychlorinated biphenyls.

Status of Work4,

The first meeting was held on December 21, 1970. A second
meeting occurred on February 5, 1971. Work has proceeded
part way on drafts on all three studies.

5. Accomplishments

Reports in preparation, expected to be completed in two to
three months.



L Laster
1l February 1971

Panel on Biological and Medical Sciencel.
Dr. Ivan L. Bennett, Jr., Chairman
Dr. William R. Adey
Dr. Peter S. Bing
Dr. Eugene Braunwald
Dr. Detlev W. Bronk
Dr. James D. Ebert
Dr. Clifford Grobstein
Dr. Philip Handler
Dr. Colin M. MacLeod
Dr. George E. Pake
Dr. William R. Pritchard
Dr. Lloyd H. Smith
Dr. Albert J. Stunkard
Dr. Lewis Thomas
Dr. James V. Warren
Dr. Harland G. Wood
Dr. James B. WyngaardenDr. Leonard Laster, OST
The panel was charged with studying biomedical research and its
relation to education and delivery of health care.

2.

3.

The report of the panel entitled "Scientific and Educational Basis
for Improving Health'' is complete and awaits Dr. David's decision

regarding its transmission to the President.
4,

Completion of the report entitled "Scientific and Educational Basis
for Improving Health.

5.

With the completion of the panel's report, the new chairman must

now make a decision regarding more intensive and analytical studies
of some of the issues raised in the report. When that decision has

been made, the panel may well be reconstituted for the new effort.

6.



l. Name of Panel

OST Panel on Technology Forecasting and Environmental Health

2. Membership

Dr. Vinton Bacon
Dr. James R. Bright
Dr. Harrison Brown
Dr. Terry Davies, CEQ
Dr. Richard Dooley
Dr. Sheldon Friedlander
Dr. Harold Gershinowitz
Dr. Hans H. Landsberg
Dr. Norton Nelson
Dr. Roger Noll
Dr. William W. Payne, NIEHS

Terms of Reference3.

It has been apparent to all who have considered the proper
direction for biological research aimed at uncovering the
health hazards of environmental agents that some type of
rational scheme would be highly desirable in order to rank
in priority fashion those substances which deserved atten-
tion. It is clear that while some information necessary in
this direction is available, an organized environmental fore-
casting program has not been developed. There is, indeed,
an urgent need for a forecasting program capable of timely
and effective warning of technology-induced perturbations
of any environmental factor which may have health implica-
tions.

A Panel was established to examine the potential of using the
tools of technology forecasting to predict the advent and shape
of forthcoming technologies. A major aim would be to use
this information to herald new materials, new or augmented
uses of materials, and new distributions of materials. This
information in turn could be used direct needed biological
and toxicological research on these materials.

Status of Work4.

Two meetings were held February 7-8, 1971. Background
papers were prepared in behalf of a report to the Director
of OST - anticipated in approximately one month.



2

5. Accomplishments

The consensus tof this group has been that a single, major
forecasting effort should be established (''National Environ-
mental Forecasting Institute"), The functions of this entitywould be primarily analytic. It would not primarily be
responsible for collecting data since that function itself
tends to become preoccupying. Gaps in available data should
be recognized and the proposed forecasting entity would be
expected to stimulate the collection of data from time to time.
A Material Forecasting Institute would serve a variety of user
groups within the Federal Government (and, perhaps, with-
out) and would be sensitive to their needs. In the case of
health, user groups might well include the National Institute
of Environmental Health Sciences (of NIH), the FDA, and
the Environmental Protection Agency. These several user
groups might well perform some additional forecasting
efforts, aimed at specialized end-points, and would also be
expected to use the forecasts for their own assessment
exercises.



Name of Panel1.

PSAC Panel on the Environment

2. Membership

Herbert A. Simon (Chairman) Edward D. GoldbergWilliam C. Ackermann Milton Harris
John D, Baldeschwieler A. Richard Kassander, Jr.
Ivan L. Bennett, Jr. William W. Kellogg
Nyle C. Brady Edwin S. Mills
William Drury Louis H. Roddis, Jr.
Leonard Dworsky Gerald F. Tape
Michael Ference, Jr. Lewis Thomas
Murray Gell-Mann John W. Tukey
John C. Geyer Thomas Winter (CEQ

Observer)

Contemplated changes - Ivan Bennett, Michael Ference,
and Lewis Thomas have not participated in Panel meet-
ings and are proposed for removal from the membership
list. A physician should be added to the Panel.

Terms of Reference3.

Established in 1968 with a broad mandate to maintain an
overview of all environmental issues, the Panel has
increasingly concentrated on pollution problems, maintain-
ing an overview of issues and submitting recommendations
to the Science Adviser on specific problems it identified.
No changes are currently planned, except that issues require
more "in-depth'' work than before.

Status of Work4,

Review of organizational proposals, and needs for legisla-
tive and budgetary actions. The Panel reviewed the issue
of phosphates in detergents and provided a memo to the
Science Adviser on this subject. The Panel has continuously
pushed on the subject of pesticides, and has provided advice
to OST staff since incorporated in the Administration's pro-
posed legislation.
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The Panel has expressed its views on the non-conventional
vehicle program (which it originally suggested) and the
lead tax. The Panel asked OST to establish a task force
to consider appropriate actions in relation to heavy metals.
Dr. Burger now has such a task force.

Proposed activities include consideration of:

Agricultural pest control

Water pollution control strategy.

Impact on industry of pollution control regula-
tions and possible measures for alleviation.

5. Accomplishments

Produced a proposed draft for an environmental report
that was used to some extent by CEQ.

Provided agenda suggestions and backup for the Cabinet
level Environmental Quality Council.

As noted above, stimulated the non-conventional vehicle
program.

6. Other Remarks

The Panel provides a useful overview of where we stand,
and whether we are doing the right things in relation to
environmental programs. Because of its diverse makeup,
it tends to provide a balanced view that is useful in
budgetary and program discussions,

JLBuckley, OST staff
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FOR RELEASE AT 12 NOON, EST February 8, 1972

Office of the White House Press Secretary

THE WHITE HOUSE

PRESIDENT'S 1972 ENVIRONMENTAL MESSAGE

FACT SHEET

Major Initiatives Still Awaiting Final Legislative Action:

(1.) Regulation of toxic substances;
(2.) Comprehensive improvement in pesticide control authority;
(3.) Noise control;
(4.) Preservation of historic buildings [2 bills];
(5.) Power plant siting;
(6.) Regulation of environmental effects of strip and underground mining;
(7.) Ocean dumping regulation;
(8.) More effective control of water pollution through a greatly

expanded waste treatment grant program and strengthened
standard-setting and enforcement authorities[4 bills];

(9.) A National Land Use Policy Act;
(10.) Substantial expansion of the wilderness system;
(11.) Expanded international cooperation to deal with oil pollution;
(12.) Prevention of oil spills through navigation aids;
(13.) Amendments to Land and Water Conservation Fund [2 bills].

1972 ACTION PROGRAM

TIGHTENING POLLUTION CONTROL

Disposal of Toxic Wastes

A Toxic Wastes Disposal Control Act to ensure that the increasing use
of land and underground disposal of toxic wastes does not pose a hazard
to health. Under the proposed bill, which would amend the Federal
Water Pollution Control Act, States would regulate disposal of toxic
wastes on andunder the land, including "deep well" disposal, pursuant
to guidelines established by the Environmental Protection Agency,
with a provision for Federal enforcement action if a State fails to

establish its own program.

Sediment Control

A Sediment Control Act would call for States to establish regulatory

moving activities such as building and road construction.
from earth-programs to control sediment affecting water quality

Sulfur Oxides Emission Charge _

A charge on sulfur emitted into the atmosphere from combustion,

refining, smelting and other processes. The charge is designed to

pplement regulatory provisions of the Clean Air Act in controlling

The charge would begin in 1976 and apply in all regions where the air

quality did not meet national standards for sulfur oxides during 1975.
sulfur oxides emissions, one of the most harmful of air pollutants.

more
(OVER)
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A charge of 15 per pound of sulfur would be levied in areas failing to
meet the primary (health protection) ambient air quality standards
established under the Clean Air Act, with a 10 per pound charge levied
in areas that meet the primary standard but fail to meet the more
stringent secondary (damage to property and vegetation) sulfur oxide
standards. No charge would be levied in areas meeting both primary
and secondary standards,

Clean Energy Generation and Conservation

1, Eighty-eight millien dollars in 1973 budget for additional development
of a bread spectrum of new technologies for producing clean energy.

2. Issuance by the Department of Housing and Urban Development of
revised standards for Federally insured apartments and other multi-
family structures requiring insulation that will reduce up te 40% of heat
losses from such structures, with fuel savings exceeding the additional
insulation costs within a 5-year period.

. 3. Council on Environmental Quality and Office of Science and
Technology to conduct survey with other Federal agencies to determine
additional actions they might take to canserve energy.

Recycling
The Treasury Department is clarifying the availability of tax exempt.
treatment industrial revenue bond financing for the construction of
recycling facilities built by private concerns to recycle their ewn wastes.

MAKING TECHNOLOGY AN ENVIRONMENTAL ALLY
Integrated Pest Management

1, Research, development, and demonstration programs on integrated
pest management, a systematic approach to pest control that involvesjudicious use of selective chemical pesticides in .cenjunction with
maximum use of natural pest control techniques, such as predators,sterilization and pest diseases.
2. Expansion of current research and development activities in
integrated Pest management through a new, large-scale program
involving the U. S, Department of Agriculture, the National Science
Foundation, and the Environmental Protection Agency, and conducted
by leading universities,
3. Expanded U. S. Department of Agriculture pregram-of field testingef promising new methods -of pest detection and control.
4. F
and State certification of crop protection specialists needed to ensure
widespread implementation of ntegrated pesteentrol techniques.

deral encouragement for development of university training programs

5. Expansion of USDA field. scout program teacres of crops this growing season. This program permits eliminationof many unnecessary pesticide applications by using the sceuts to:determine when such applicatians actually are needed.

cover nearly 4 million

6. Development ef standards by the Departments of Labor-and Health,Education, and Welfare under the Occupational Safety and Health Act toprotect farm.workers from pesticide. poisoning,

more .
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Increased Research on Polluiion

1. Request in 1973 budget for an increase of $23 million in research
to reduce aircraft noise, ard new funds to reduce street traffic noise.

2. Request in 1973 budget for an additional $12 million for research
on health effects of pollution, regional air pollution modeling, and
improved pollution measurement and instrumentation.

IMPROVING LAND USE'

Strengthen Land Use Policy Bill *

Amendments to the pending Administration Land Use Policy bill
would require States to control siting of major transportation facilities
and impose sanctions on States failing to implement adequate land
use programs.

States not implementing adequate programs by 1975 would be subject to-
incremental 7 percent annual reductions in Federal funds allocated
to them under the airport and highway assistance programs and the
Land and Water Conservation Fund. Funds so withheld would be
allocated among States with acceptable programs.

Controlling Development of Wetlands

Amendments to the Internal Revenue Codeto limit in coastal wetlands
certain Federal tax benefits for new development, thereby discouraging
unnecessary development in 'these environmentally critical areas.

PROTECTING OUR NATURAL HERITAGE

Predator Control

1, Executive Order barring the use of: poisons for predator control
on public lands, except in emergencies.

2. Proposed legislation to shift the emphasis of the current direct Federal
predator control program to one of research and technical and financial
assistance to the States to help them control predators with means other
thari poisons.

"Endangered Species

New legislation to permit earlier identification and protection of
endangered species, so that action can be taken before a species is so

depleted that regeneration is difficult or impossible. The new:
legislation would also for the first time make the taking of
endangered species a Federal offense. :

Migratory Species

Secretary of Stateauthorized in conjunction with the Department of
the Interior to seek agreement with Mexico to add 33 families of birds --
including eagles, hawks, owls, and many wading birds <- to the

protected list established by the two countries. :

more



Legacy of Parks

1, Legislation submitted to the Congress to create a Big Cypress
Fresh Water Reserve, empowering the Federal Government to acquire
requisite legal interest in 547,000 acres of private lands in the Big
Cypress Swamp in Florida to protect the unique Everglades National
Park.

2. New legislation to establish in the San Francisco Bay regiona
Golden Gate National Recreation Area, combining a number of
existing parks, undeveloped military reservations, and private
lands. The area would encompass 24,000 acres of beaches, rugged
coastline, and readily accessible parklands; the area would extend
approximately 30 miles along the Pacific Coast north and south of the
Golden Gate Bridge in San Francisco.

3, As a result of activities of the Property Review Board, established
by the President in 1970, 20 additional parcels of public lands are being
made available for park and recreation use. The 20 properties announced
today for inclusion in the legacy of parks program include all or portions
of the Alvord Estate in Phoenix, Arizona; Cimp Elliott in San Diego,
California; San Luis Obispo, California; Outer Marker Annex, Palm Beach,
Florida; Gap Filer Annex, Winter Garden, Florida; Boca Grande
Light Station, Gasparilla Island, Florida; Panama City Jetties,
St. Andrews Bay, Florida; Federal Correctional Institute,
Tallahassee, Florida; Crooked River Light, Carabelle, Florida;
Dinner Key Air Station, Miami, Florida; Veterans Administration
Hospital, Topeka, Kansas; Veterans Administration Center Reservation,
Leavenworth, Kansas; Veterans Administration Hospital, Bedford,
Massachusetts; Federal Correctional Institution, Milan, Michigan;
Chillicothe Station, Ross County, Ohio; Former Naval Air Station,
Tillamook County, Oregon; Roosevelt Roads, Puerto Rico; Fort Hood,
Killeen, Texas; Veterans Administration Hospital, Waco, Texas;
Fort Douglas, Salt Lake City, Utah.

These 20 parcels constitute 2, 853 acres with an estimated fair market
value of $4.6 million. Combined with 63 parcels already made available
during the past year, this program will provide 14,585 acres of parkland,
in 31 States and Puerto Rico with an estimated fair market value of
more than $56 million.

Wilderness Areas

1. Proposal of 18 new wilderness areas that would add 1.3 million acres
to the wilderness system. These 18 areas are in addition to 18 areas
already proposed by this Administration, and pending before the Congress.
The 18 proposed new areas and their acreages are as follows:

Weminuche, National Forest, Colorado, 346, 833 acres
Eagles Nest, National Forest, Colorado, 87,755 acres
Emigrant, National Forest, California, 105,376 acres

o Aqua Tibia, National Forest, California, 11,920 acres
Mission Mountains, National Forest, Montana, 73,207 acres
Glacier, National Forest, Wyoming, 182,510 acres
Blue Range, National Forest, Arizona, New Mexico, 177,239 acres
Aldo Leopold, National Forest, New Mexico, 188,095 acres
St. Marks, National Wildlife Refuge, Florida, 17, 746 acres
Wolf Island, National Wildlife Refuge, Georgia, 4,168 acres

more
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- Moosehorn, National Wildlife Refuge, Mine, 4,598 acres
- San Juan Islands, National Wildlife Refuge, Washington, 355 acres

Cape Romain, National Wildlife Refuge, South Carolina, 28,000 acres
- Bosque del Apache, National Wildlife Refuge, New Mexico, 32,500 acres
. Bryce Canyon, National Park, Utah, 16,303 acres
Black Canyon, National Monument, Colorado, 8, 780 acres
Colorado, National Monument, Colorado, 7,700 acres

. Chiricahua, National Monument, Arizona, 6,925 acres

TOTAL 1,300,510 acres

2. The Secretaries of Agriculture and the Interior will accelerate
identification of areas in the Eastern United States having wilderness
potential, in order to increase the opportunities for wilderness
experience within the regions where most of our people live.

Off-Road Vehicles

1, Executive Order directing Secretaries of Agriculture, Interior, Army
and the Board of Directors of the Tennessee Valley Authority to issue
regulations for controlling the use of these vehicles on Federal lands.
Regulations to designate specific areas where their use is or is not
permitted, prescribe operating conditions that will be necessary to
minimize damage to the natural resources of the Federal lands, and ensure
compatibility with other recreational uses, taking into account noise and
other factors,

EXPANDING INTERNATIONAL COOPERATION

United Nations Fund for the Environment

Proposal for a United Nations Fund for the Environment to help stimulate
international cooperation on environmental problems, which would bring
to bear new resources on worldwide problems through activities such
as monitoring and cleanup of the oceans and atmosphere. Recommendation
that the fund establish an initial funding goal of $100 million for the first
five years, with the United States providing its fair share on a matching
basis.

Control of Marine Pollution

The United States is preparing for a 1973 Intergovernmental Maritime
Consultative Organization (IMCO) Conference to draft a convention barring
intentional discharges to the sea of oil and hazardous substances from
ships, In conjunction with the Law of the Sea Conference scheduled for
1973, the United States is examining measures to control the effects of

developing underseas resources, In the preparatory work for the 1972 U.N.
Conference on the Human Environment, progress has been made on an

agreement to regulate the dumping of shore generated wastes, and further
work in this area has been scheduled by IMCO.

PROTECTING CHILDREN FROM LEAD-BASED PAINT.

In addition to other Federal activities, Department of Health, Education,
and Welfare will use grants and technical assistance to initiate programs
in more than 50 communities to test children in high-risk areas for lead
concentrations.

more
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INVOLVING OUR YOUTH

1. The President's Envirorimental Merit Awards Program, initiated last
October by the Environmental Protection 'Agency in cooperation with the
U. S. Office of Education, awards national recognitioh to successful
student projects which lead to environmental understanding or improvement.
More than 2,000 high schools throughout the entire 50 States are already
participating in the program.

2. The Department of Agriculture! 8 expanded field scout demonstration
program, designed to permit more éffective pest control with substantially
less pesticides, will employ over 2,000 high school and college students.

3. The Environmental Protection Agency recently initiated in its
Seattle Regional Office a pilot program to use young people in its
monitoring and other activities, with the program to be expanded if
it proves successful,

4, ACTION volunteers and youth employed through the Neighborhood
Youth Corps, Job Corps and college work-study programs will workwith city governments to help alleviate lead-paint hazards.

# # # # :

:

4
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FOR RELEASE AT 12:00 NOON (EST) February 8, 1972

Office of the White House Press Secretary

THE WHITE HOUSE

EXECUTIVE ORDER

ENVIRONMENTAL SAFEGUARDS ON ACTIVITIES
FOR ANIMAL DAMAGE CONTROL ON FEDERAL LANDS

By virtue of the authority vested in me as Presidentof the United States and in furtherance of the purposes and
policies of the National Environmental Policy Act of 1969
(42 U.S.C. 4321 et seq.) and the Endangered Species Conser-vation Act of 1969 (16 U.S.C. 668aa), it is ordered as
follows:

Section 1. Policy. It is the policy of the Federal
Government to (1) restrict the use on Federal lands of
chemical toxicants for the purpose of killing predatory
mammals or birds; (2) restrict the use on such lands of
chemical toxicants which cause any secondary poisoningeffects for the purpose of killing other mammals, birds,or reptiles; and (3) restrict the use of both such types of
toxicants in any Federal programs of mammal or bird damagecontrol that may be authorized by law. All such mammal or
bird damage control programs shall be conducted in a manner
which contributes to the maintenance of environmental quality,
and to the conservation and protection, to the greatest degree
possible, of the Nation's wildlife resources, including
predatory animals.

sec. 2. Definitions. As used in this order the term:

(a) "Federal lands" means all real property owned by
or leased to the Federal Government, excluding (1) lands
administered by the Secretary of the Interior pursuant to
his trust responsibilities for Indian affairs, and (2) real
property located in metropolitan areas.

(b) "Agencies" means the departments, agencies, and
establishments of the executive branch of the Federal
Government.

(c) "Chemical toxicant" means any chemical substance
which, when ingested, inhaled, or absorbed, or when applied
to or injected into the body, in relatively small amounts,
by its chemical action may cause significant bodily malfunction,
injury, illness, or death, to animals or man.

(d) "Predatory mammal or bird" means any mamma1 or
bird which habitually preys upon other animals or birds.

(e) "Secondary poisoning effect" means the result
attributable to a chemical toxicant which, after being
ingested, inhaled, or absorbed, or when applied to or in-
jected into, a mammal, bird, or reptile, is retained in its
tissue, or otherwise retained in such a manner and quantity
that the tissue itself or retaining part if thereafter injested
by man, mammal, bird, or reptile, produces the effects set forth
in paragraph (c) of this section.

more
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(f) "Field use" means use on lands not in, or immediately
adjacent to, occupied buildings.

Sec. 3. Restrictions on Use of Chemical Toxicants.
(a) Heads of agencies shall take such action as is

necessary to prevent on any Federal lands under their juris-diction, or in any Federal program of mammal or bird damagecontrol under their jurisdiction:
(1) the field use of any chemical toxicant for the

purpose of killing a predatory mammal or bird; or
(2) the field use of any chemical toxicant which causes

any secondary poisoning effect for the purpose of killing
mammals, birds, or reptiles.

(b) Notwithstanding the provisions of subsection (a)of this section, the head of any agency may authorize the
emergency use on Federal lands under his jurisdiction of
a chemical toxicant for the purpose of killing predatorymammals or birds, or of a chemical toxicant which causesa secondary poisoning effect for the purpose of killingother mammals, birds, or reptiles, but only if in eachspecific case he makes a written finding, following con-sultation with the Secretaries of the Interior, Agriculture,and Health, Education, and Welfare, and the Administratorof the Environmental Protection Agency, that any emergencyexists that cannot be dealt with by means which do notinvolve use of chemical toxicants, and that such use isessential:

(1) to the protection of the health or safety of
-human life;

(2) to the preservation of one or more wildlifespecies threatened with extinction, or likely within theforeseeable future to become so threatened; or
(3) to the prevention of substantial irretrievabledamage to nationally significant natural resources.
Sec. 4, Rules for Implementation of Order. Headsof agencies shall issue such rules or regulations as maybe necessary and appropriate to carry out the provisionsand policy of this order.

RICHARD NIXON

THE WHITE HOUSE,

February 8, 1972.
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MR. BALL: You have the message from the President to
Congress in which he outlines a comprehensive plan for the environ-
ment. This is the third message the President has sent to the
Congress on this subject. The other two messages were in 1970
and 1971.

There are a number of items out -- a message, a
fact sheet, two Executive Orders on implementing programs on
Federal lands. a transmittal letter covering additions to the
National Wilderness Preservation System, and remarks by the
President. I believe you have them all. These, along with
the contents of the briefing, are embargoed until noon.

Here to brief you today are Secretary of the Interior
Rogers Morton; Russell Train, Chairman of the Council on
Environmental Quality; and William Ruckelshaus, Administrator
of the Environmental Protection Agency. Mr. Train.

MR. TRAIN: The President sent to the Congress today
a wide-ranging program for environmental protection containing
a number of major new initiatives in this area, and also call-
ing upon the Congress to act now on the 18 proposals which he
submitted just a year ago today and which still await action.

Today's environmental message covers three main areas:
pollution control, land use control, anda protection of our
natural heritage of wildlife and open space.

The major new proposals submitted by the President
today include these, along with others: Legislation to regu-
late the land disposal of toxic wastes. This includes con-
trols over deep well injection of waste, as well as putting
waste on the land itself; attacks on sulphur oxide emissions
to protect air quality; legislation to control sediments from
construction activities. This is the first time that any
realistic, practical proposal has been made to deal with
off-point sources of pollution.

Amendments to strengthen the National Land Use Policy
Act which the President submitted to Congress last year. These
amendments will require the States to specifically deal, as a

State, with the siting of airports and highways; and secondly,
those amendments will provide for reductions in Federal funds -~

airport funds, highway funds and land and water funds -- for
those States that do not develop approved land-use programs,

MORE (OVER)
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Tax reforms tc protect the Nation's wetlands, and
finally, a ban on the use of poisons for predator control on
Federal lands. There are a number of other proposals in this.
very extensive message, such as major new funding for clean
energy research, the establishment of the new Golden Gate
Recreation Area in the San Francisco Bay Region, legislation
to strengthen the protection of endangered species, and proposals
for the establishment of 18 new wilderness areas, the regula-
tion of the use of off-road vehicles on the public lands of
the United States, a proposal for the establishment of a $100
million United Nations fund for international environmental
cooperation.

These are some of the major proposals in a very
extensive message. This is the third annual environmental
message that the President has sent to the Congress, part of
an overall comprehensive strategy that has emphasized institu-
tional reform, the organization of the Environmental Protection
Agency headed by Bill Ruckelshaus, the establishment of the
Senate Oceanic and Atmospheric Administration, the proposed new
Department of Natural Resources, and thé establishment of our
council. It includes new statutory authority in this entire
field.

; As you know, we already have strong, new air quality
legislation now on the books. It includes vigorous enforcement
and administration through EPA. It involves a basic reform
throughout Government in the decision-making process as it
affects the environment.

Gentlemen, I think that covers what I want to say.The President does refer very strongly to the extensive pro-
gram already before Congress. I invite your attention to that
portion of the message, because we will be pressing in the
weeks ahead for Congressional action on these proposals.

Q
with regard to predator control. One of the sensitiveinterfaces between Government and citizens is the use ofFederal lands for grazing livestock. I wonder if this predatorcontrol prohibition will apply to the Bureau of Land Manage-ment land now leased for sheep and cattle production, and what

Mr. Train, I have a question for Secretary Morton

you are proposing for the lessees to do if their small animalsare suffering from predators,
SECRETARY MORTON: The lands are not leased, but thegrazing permits are issued to permit a certain number ofanimal units to use the land. The proposed Executive Order andlegislation, of course, applies to all public lands. Therefore,it would apply to the BLM lands.
The phase-out of the use of poisons is accompaniedby a grant-in-aid program to the States so that predator con-trol can continue, but without the use of poisons. TheFederal emphasis will be on research to try to developmethods by which the ecology of agriculture and the ecology ofthe plains can live together,

undoubtedly, but the facts are that even with the use of poisonsthat has been going on now for a great many years under theAct that we have been operating under, it has not really

I think there will have to be an adjustment period

MORE
r



3

substantially reduced the population of coyotes, for example,
and perhaps has done more harm than good in that the coyote
population has spread into areas that before they did not
range in.

We will observe this during the transition period
and work with the hope, and hopefully come up with new bio-
logical methods by which these two ecologies can live together
without any substantial damage to agriculture.

Q Then the prohibition on poisons is immediate?

SECRETARY MORTON: Yes, on Federal land.

MR. TRAIN: We have a report, which is available
today, on predator control which was prepared for the Depart-
ment of the Interior and Council on Environmental Quality,
and provided the basic data upon which this proposal is now
going forward.

SECRETARY MORTON: It is called the Cain Report.
We have copies in the Public Information Office at Interior,
and the Council also has some.

Q Mr. Train, this is just a small point, but I
notice in the Executive Order on off-road vehicles it mentions
that the Secretary of the Interior shall consult with the
Atomic Energy Commission. Can you explain that? Why the
Atomic Energy Commission?

MR. TRAIN: Frankly, I have not a clue.

SECRETARY MORTON: I think it is because of a good
deal of public land that they operate in the Hanford Reserve,
but I would have to check that.

MR. TRAIN: It is there for a reason. (Laughter)

Q Mr. Train, you recently proposed, without
success, an Executive Order restricting clear cutting of timber
in national forests. I wonder, did you urge the President
to deal with that problem in this message, or do you now
think there is no problem?

MR. TRAIN: This was one of a large number of
matters under consideration in the development of this message.
The proposed Executive Order on clear cutting has been referred
now to the President's committee headed by former Secretary
of the Interior Fred Seaton on timber and the environment.
That committee, I think you know, came into being subsequent to
our undertaking the study on clear cutting, and clear cutting
is definitely a part of their overall responsibilities for
making recommendations with respect to timber management policy.
They are undertaking that and will be reporting later this year.

predator control program. You said the prohibition would be
immediate on the use of poisons, but that a period of adjust-

Q I have a question for Secretary Morton on the

ment would have to follow?

SECRETARY MORTON: By that I mean an adjustment of
agriculture living with a different kind of predator control
in those areas where it has been practiced rather heavily.

MORE
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The only predator control that will take place
under the new program will be carried out by State hunters
and trappers. : This will be a monitored program, and -

obviously the sheep people, particularly, are going to have to
make some changes in their husbanding practices and take some
preventive measures that would come up in the short term.

I believe in the. long term the sheep people and
other livestock people who are affected by predators will
be far better off than they are today, and I think the whole
poisoning issue will be laid to rest, and then we can do the
biological research to blend with these ecologies.

Q The order provides for exceptions in cases of
emergency. How will those applications be made; by a Federal
permit?

; SECRETARY MORTON: Yes. That will have :to be carried
out by Federal agencies, primarily the Department of the
Interior and Agriculture in the emergency situations that
are spelled out in the exceptions. :

a

Q There is nothing immediate to replace the
poisons; no other type of control?

SECRETARY MORTON: No, no other: poisons.

No, that is not exactly right, because the whole
program has had hunting and trapping, which has been a partof it.

Q That would continue?

SECRETARY MORTON: Some of that would continue
under State supervision. We are extremely disturbed. over the
long pull of putting these poisons out over the public lands
and having the residual effect that it has. We are moving
away from that sharply.

estimate of when the gasoline fumes are going to be' cut down
Q Can any one of the threeof you give us an

markedly, and also the aircraft noise?
MR. TRAIN: They. are both going down now, but letBill get at that directly.

from the automobile are hydrocarbons, carbon monoxide and
nitrogen oxide. As you know, in the Clean Air Act amendmentsof '70, there is established a 90 percent reduction of carbonmonoxide and hydrocarbons by 1975, and a 90 pereent reductionof nitrogen oxide by 1976; There are interim standards upuntil that time for graduated reductions of : those pollutants

MR. RUCKELSHAUS: The three major pollutants coming

from the automobile up until 1975 and 1976. :

All of the information we now have indicates thatthere is a downward trend in the curve of: pollutants fromautomobiles because of the emission devices that have beénplaced on them, starting in 1968. We expect that this trendwill continue on the basis of all projections, until 1990, atwhich time, if the projections as to the number of automobilesand if nothing further is done, it will go up'again. But that1s a projection based on fact that may not be applicable in 1990,
MORE
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As far as noise in the aircraft is concerned, that

is under the jurisdiction now of the Department of Trans-
portation and the FAA. We have a bill pending before Congress
that was introduced last year on noise abatement that addresses
itself to aircraft noise. This would continue,with consul-
tation with the Environmental Protection Agency, the present
noise reduction program that the Department of Transportation
has.

MR. TRAIN: The President has asked for an additional
$23 million in 1973 over and above present funding for aircraft
noise suppression research. That is in the message.

Q Gentlemen, in light of the recent Ritchie deci-
sion regarding the National Environmental Policy Act and the
responsibility of Federal agencies under it, has there been
any consideration of possibly amending NEPA to better define
what is required in environmental impact statements?

MR. TRAIN: There has been some discussion of this,
and we are presently engaged in discussions with some four
different committees on the Hill on this overall subject.

Q Can you be more specific as to what possible
amendments have been considered?

MR. TRAIN: I do not think anyone is thinking at this
time of any very extensive amendments to the National Environ-
mental Policy Act.

MR. RUCKELSHAUS: There was a suggestion of an exclu-
sion from the Act for regulatory activities relating to the
environment. This is only at this time in the negotiation stage
with Congress. There is no absolutely firm Administration
position.

The question is: To what extent should regulatory
activities be exempted? In the Kalur case here in the Dis-
trict of Columbia, the Corps of Engineers had to issue an
environmental impact statement on each individual discharge
permit. That would be some 30,000 permits issued. We seriously
question whether this is a proper allocation of manpower at the
Federal level in the environmental field, to do what we think
is essentially a redundant action in looking at a discharge
permit and its impact on the environment when you have public
hearings, and whether you should at that time issue environ-
mental impact statements as to those particular permits. This
is the area that gives us the most concern in the EPA.

due to put out emission standards for aircraft last October.Q Mr. Ruckelshaus, I believe that your agency was

MR. RUCKELSHAUS: September. (Laughter)

Q They have not appeared yet. I wonder if you
could give us some clue as to when they will appear, and what
aircraft, what commercial aircraft users and manufacturers
might have to do to their planes to make them qualify.

MR. RUCKELSHAUS: I think it is a little difficult
at this time to answer the second part of your question.

MORE
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We originally had some proposals for reduction in

aircraft emissions. Wewere given nine months in which to
make a study and relate the aircraft emissions to the total
problem of air pollution.:The difficulty we-had-was that the
study itself did not turn out to be as complete.aszwe would
have liked in relating the aircraft emissions to the total
problem of air pollution, .

We have had to, in effect, re-look at our findings
from the original study that we made. We now have almost

; completed .a proposal which will be published for comment
from other governmental agencies and the public at large before
we come out with a final standard.

So until we can reach a conclusion internally as to
what that proposal should be, it would be premature for me to
Say exactly what impact that will have on aircraft and various
engines. We just found that the nine-month period we were
given under the statute was not sufficient for us to adopt a
Standardw really felt was good one.

k
THE PRESS: Thank you.

:

END (AT 11:22 A.M. EST)
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FOR RELEASE UPON DELIVERY TO THE SENATE March 2, 1972
:OR TO THE HOUSE OF REPRESENTATIVES

Office of the White House Press Secretary

THE WHITE HOUSE

TO THE CONGRESS OF THE UNITED STATES:

An all-directions reform of our health care system --

so that every citizen will.be able to get quality health care
at reasonable cost regardless of income and regardless of
area of residence -- remains an item of highest priority on
my unfinished agenda for. America in the 1970s.

In the ultimate sense, the general good health of our
people is the foundation of our national strength, as well as
being the truest wealth that individuals' can possess.

Nothing should impede us from doing whatever is necessary
to bring the best possible health care to those who do not now
have it -~ while improving health care quality for everyone --

at the earliest possible time.
In 1971, I submitted to the Congress my new National

Health Strategy which would produce the kind of health care
Americans desire and deserve, at costs we all can afford.

Since that time, a great national debate over health
care has taken place. And-both branches of the Congress have
conducted searching examinations of our health needs, receiving
and studying testimony from all segments of our society.

The Congress has acted on measures advancing certain parts
of my National Health Strategy:

-- The Comprehensive Health Manpower Training Act of
1971 and the Nurse Training Act of 1971, which I signed last
November, will.spur the greatest effort in our history to
-expand the supply of health personnel. Additionally and im-
portantly, it will attract them to the areas of health care
shortages, helping to close one of the most glaring gaps in
our present system.

which I proposed last year. This action opens the way for a
high-intensity effort to defeat the No. 2 killer and disabler
of our time, an effort fueled by an additional $100 million
in the last year. A total of $430 million is. budgeted for
cancer programs in fiscal year 1973, compared to $185 million
in fiscal year 1969.

-- The Congress responded to my statement of early 1970
on needed improvements in veterans medical care by authorizing
increased funds in 1971 and 1972, increases which have brought
the VA hospital-to-patient ratios to an all-time high and have
provided many additional specialty and medical services, in-
cluding increased medical manpower training.

The Congress also created a National Health Service
Corps of youn& professionals to serve the many rural areas

health care. By mid-summer, more than 100 communities around
the Nation will be benefiting from these teams.

more
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The Congress also passed the National Cancer Act

and inner city neighborhoods which are critically short on
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These are important steps, without doubt, but we still
must lay the bedrock foundations for a new national health
care system for all our people.

The need for action is critical for far too many of ourcitizens.
The time for action is now.

I therefore again urge the Congress to act on the manyparts of my health care program which are still pending sothat we can end at the earliest possible time -- theindividual anguishes, the needless neglects and the familyfinancial fears caused by the gaps, inequities and maldistri-

The United States now spends more than $75 billion
annually on health care -- and for most people, relatively
good service results.

Yet, despite this huge annual national outlay, millionsof citizens do not have adequate access to health care. Ourrecord in this field does not live up to our national potential.
That sobering fact should summon us to prompt buteffective action to reform and reorganize health care

practices, while simultaneously resisting the relentlessinflation of health care costs.

MORE THAN MONEY IS NEEDED

When the subject of health care improvements is. men-
tioned, as is the case with so many other problems, too manypeople and too many institutions think first and solely of
money -- bills, payments, premiums, coverages, grants, sub-sidies and appropriations.

But far more than money is involved in our currenthealth care crisis.
More money is important -- but any attempted healthcare solution based primarily on money is simply not going to

In health care as in so many other areas, the mostexpensive remedy is not necessarily the most effective one.
One basic shortcoming of a solution to health careproblems which depends entirely on spending more money, canbe seen in the Medicare and Medicaid programs. Medicare andMedicaid did deliver needed dollars to the health care problemsof the elderly and the poor. But at the same time, little wasdone to alter the existing Supply and distribution of doctors,nurses, hospitals and other health resources. Our health caresupply, in short, remained largely the same while massive newdemands were loaded onto it.
The predictable result was an acute price inflation,one basic Cause of our health economic quandary of the pastll years.

in. fiscal 1971. But a large part of this enormous increase
better health care, but merely to meet. price inflation.

more
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If we do not lessen this trend, all other reform efforts
may be in vain.

That is why my National Health Strategy was designedwith built-in incentives to encourage sensible economies --

in the use of health facilities, in direct cost-control pro-cedures, and through more efficient ways to bring health careto people at the community level. That is also why we have
given careful attention to medical prices in Phase II of the
Economic Stabilization Program.

Several months ago, the Price Commission ruled that
increases in physician fees must be kept to within 2-1/2
percent. Rules also were issued to hold down runaway priceincreases among hospitals, nursing homes and other health
care institutions. All of these efforts were directed
toward our goal of reducing the previous 7.7 percent annual
price increase in total health care costs to half of that
level, 3.85 percent this year.

These actions should buy us some time. But they are,
at best, a temporary tourniquet on health care price inflation.

We must now direct our energies, attentions and action
to the long-range factors affecting the cost, the quality
and the availability of medical care.

My overall program, of course, is one that would improve
health care for everyone. But it is worthy of special note
that these recommendations have a particular importance and
a high value for older Americans, whose health care needs
usually rise just as their incomes are declining.

WE SHOULD BUILD ON PRESENT STRENGTHS

When we examine the status of health care in America,
we always must be careful to recognize its strengths. For
most Americans, more care of higher quality has been the
result of our rising national investment in health, both
governmental and private.

We lead the world in medical science, research and
development. We have obliterated some major diseases and
drastically reduced the incidence of others. New institu-
tions, new treatments and new drugs abound. There has been
a marked and steady gain in the number of people covered by
some form of health insurance to 84 percent of those under
65, and coverages have been expanding. Life expectancy has
risen by 3.4 percent since 1950 and the maternal death rate
has declined 66 percent. Days lost from work in the same
period are down 3.5 percent and days lost from school have
declined 7.5 percent -- both excellent measures of the
general good state of our health.

All of this is progress -- real progress.
It would be folly to raze the structure that produced

this progress -- and start from scratch on some entirely
new basis -- in order to repair shortcomings and redirect
and revitalize the thrust of our health system.

aTo nationalize health care as some have proposed,

cedures -- eventually if not at the start -- also woula
amount to a stunning new financial burden for every American
taxpayer.

ana thus federalize medical personnel, institutions and pro-

more
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The average household would pay more than $1,000 a year
as its share of the required new Federal expenditure of more
than $80 billion each and every year. Such a massive new
Federal budget item would run counter to the temper of the
American taxpayer.

Also, such a massive new Federal budget item would run
counter to the efforts of this Administration to decentralize
programs and revenues, rather than bring new responsibilitiesto Washington.

And, finally, such a massive new Federal budget require-
ment would dim our efforts to bring needed Federal actions in
many new areas -- some of which bear directly on health, such
as environmental protection.

Clearly we must find a better answer to the deficienciesin our health care system. Unfortunately, such deficiencies
are not difficult to identify:

~~ In inner cities and in many rural areas, there is
an acute shortage of physicians. Health screening undervarious government programs has found that appalling per-
centages of young people, mostly from deprived areas, havenot seen a doctor since early childhood, have never seen adentist and have never received any preventive care.

General practitioners are scarce in many areas and
many people, regardless of income or location, have difficulty
obtaining needed medical attention on short notice.

applicants.
Our medical schools must turn away qualified

~_ While we emphasize preventive maintenance for our
automobiles and appliances, we do not do the same for ourbodies. The private health insurance system, good as it is,operates largely as standby emergency equipment, not cominginto use until we are stricken and admitted to the mostexpensive facility, a hospital.

~- Relative affluence is no ultimate protection againsthealth care costs. A single catastrophic illness can wipeout the financial security of almost any family under mostpresent health insurance policies.
To remedy these problems, however, will require far morethe efforts of the Federal Government -- although theFederal role is vital and will be met by this Administration.
It is going to take the complementing efforts of manyother units, of government at the State and local levels; ofeducational and health organizations and institutions of allkinds; of physicians and other medical personnel of ailvarieties; of private enterprise and of individual citizens.

those creative talents into a truly national effort, coor-nated but not regimented by four guiding principles:
Strateey is designed to enlist allMy National Health

Capitalizing on existing Strengths : We resolve topreserve the best in our existing health care system, build-
new programs needed toing upon those strong elements thecorrect existing deficiencies.
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Equal access for all to health care: We must do all
we can to end any racial, economic. social or geographicalbarriers which may prevent any citizen from obtainingadequate health protection.

Balanced supply and demand: It makes little sense to
expand the demand for health care without also making certainthat proper increases take place in the numbers of available
physicians and other medical personnel, in hospitals and inother kinds of medical facilities.

Efficient organization: We must bring basic reorgani-zations to our health care system so that we can cease
reinforcing inequities and relying on inefficiencies. The
exact same system which has failed us in many cases in the
past certainly will not be able to serve properly the
increased demands of the future.

MAJOR ACTIONS AWAITED

Three major programs. now awaiting action in the
Congress after substantial hearings and study, would givelife to these principles.

-~ The National Health Insurance Partnership Act,
The Health Maintenance Organization Assistance Act,
and H.R. 1, my welfare reform bill which also would

amend Medicare and Medicaid in several significant ways.

The National Health Insurance Partnership Act
This proposal for a comprehensive national health insur-

ance program, in which the public and private sector would
join, would guarantee that no American family would have
to forego needed medical attention because of inability to
pay e

My plan would fill gaps in our present health insurance
coverage. But, beyond that, it would redirect our entire
system to better and more efficient ways of bringing health
care to our people.

There are two critical parts of this Act:
1. The National Health Insurance Standards Act would

require employers to provide adequate health insurance for
their employees, who would share in underwriting its costs.
This approach follows precedents of long-standing under
which personal security -- and thus national economic
progress ~- has been enhanced by requiring employers to
provide minimum wages and disability and retirement benefits
and to observe occupational health and safety standards.

Required coverages would include not less than $50,000
protection against catastrophic costs for each family member;
hospital services; physician services both in and out of a
hospital; maternity care; well-baby care (including immuni-
zations); laboratory expenses and certain other costs.

The proposed package would include certain deductibles
and coinsurance features, which would help keep costs down
by encouraging the use of more efficient health care
procedures.

more
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It would permit many workers, as an alternative to
paying separate fees for services, to purchase instead mem-
berships in a Health Maintenance Organization. The fact thatworkers and unions would have a direct economic stake in the
program would serve as an additional built-in incentive foravoiding unnecessary costs and yet maintaining high duality.

The national standards prescribed, moreover, wouldnecessarily limit the range within which benefits couldvary. This provision would serve to sharpen competition andcost-consciousness among insurance companies seeking toprovide coverage at the lowest overall cost.
Any time the Federal Government, in effect, prescribesand guarantees certain things it must take the necessaryfollow-through steps to assure that the interests of con-sumers and taxpayers are fully protected.
Accordingly, legislative proposals have been sub~mitted to the Congress within recent weeks for regulatingprivate health insurance companies, in order to assure thatthey can and will do the Job, and that insurance will beoffered at reasonable rates. In addition, States would berequired to provide group-rate coverage for people such asthe self-employed and special groups who do not qualify forother plans.
2. Another vital step in my proposed program is theFamily Health Insurance Plan (FHIP) which would meet theneeds of poor families not covered by the National HealthInsurance Standards Act because they are headed by unemployedor self-employed persons whose income is below certain levels.For a family of four, the ceiling for eligibility would be anannual income of $5,000. HIP would replace that portionof Medicaid designed to help such families. Medicaid would

:

remain for the aged poor, the blind, the disabled and somechildren.

Health Maintenance Organizations
Beyond filling gaps in insurance coverage, we must alsoturn our attention to how the money thus provided will be spent --on what kind of services and in what kind of institutions. Thisis why the Health Maintenance Organization concept is such acentral feature of my National Health Strategy.
The HMO is a method for financing and providing healthcare that has won growing respect. It brings together into aSingle organization the physician, the hospital, the laboratoryand the clinic, so that patients can get the right care atthe right moment.

HMO's utilize a method of payment that encourages theprevention of illness and promotes the efficient use ofdoctors and hospitals. Unlike traditional fee-for-servicebilling, the HMO contracts to provide its comprehensive carefor a fixed annual sum that is determined in advance.
Under this financial arrangement, the doctors' andhospitals! incomes are determined not by how much the patientis sick, but by how much he is well. HMO's thus have theStrongest possible incentive for keeping well members frombecoming i11 and for curing sick members as quickly aspossible.

more
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I do not believe that HMO's should or will entirelyreplace fee~for-service financing. But I do believe that
they ought to be everywhere available so that families willhave a choice between these methods. The HMO is no mere
drawing-board concept -~ more than 7 million Americans are
now HMO subscribers and that number is growing.

Several pieces of major legislation now before the
Congress would give powerful stimulus to the development of
HMO's:

1. The Health Maintenance Organization Assistance Act
would provide technical and financial aid to help new HMO's
get started, and would spell out standards of operation:

2. The National Health Insurance Partnership Act
described above requires that individuals be given a choice
between fee-for-service or HMO payment plans;

3. H.R. 1 contains one provision allowing HMO-type
reimbursement for Medicare patients and another that would
increase the Federal share of payments made to HMO's under
State Medicaid programs.

I urge that the Congress give early consideration to
these three measures, in order to hasten the developmentof this efficient method for low-cost, one-stop health
service. Meantime, the Administration has moved forward
in this area on its own under existing legislativeauthorities.

Last year, while HMO legislation was being prepared,I directed the Department of Health, Education, and Welfare
to focus existing funds and staff on an early HMO developmenteffort. This effort has already achieved payoffs:

To date, 110 planning and development grants and
contracts have been let to potential HMO sponsors and some
200,000 Medicaid patients are now enrolled in HMO-type plans.
Also, in a few months, 10 Family Health Centers will be oper--
ating with federally-supported funds to provide prepaid health
care to persons living in underserved areas. Each of these
Centers can develop into a full-service HMO. I have requested
funds in 1973 to expand this support.

To keep this momentum going I have included in. the
fiscal year 1972 supplemental budget $27 million for HMO

development, and requested $60 million for this purpose in
fiscal year 1973.

I will also propose. amendments to the pending HMO

Assistance Act that would authorize the establishment of an
HMO loan fund.

The National Need for H.R. 1

One of the greatest hazards to life and health is
poverty. Death and illness rates among the poor are many
times those for the rest of the Nation. The steady elimina--
tion of poverty would in itself improve the health of millions
of Americans.

ft themselvesH.R. 1's main purpose is to help people li
free of poverty's grip by providing them with jobs, job training,
income supplements for the. working poor and child care centers
for mothers seeking work.

more
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considered centerpiece legislation in the building of a
National Health Strategy.

But H.R. 1 also includes the following measures to
extend health care to more Americans -- especially older
Americans -- and to control costs:

Additional Persons Covered:
~- Persons eligible for Part A of Medicare (hospitalcare) would be automatically enrolled in Part B (physician'scare).
~~ Medicare (both Parts A and B) would be extended to

many disabled persons not now covered.
H.R. 1 as it now stands, however, would still require

monthly premium payments to cover the costs of Part B.
have recommended that the Congress eliminate this $5.80
monthly premium payment and finance Medicare coverage of
physiclan services through the social security payroll tax.
This can be done within the Medicare tax rate now includedin H.R. 1. If enacted, this change would save $1.5 billion
annually for older Americans and would be equivalent to a
> percent increase in social security cash benefits.

Cost Control Features:
-- Medicare and Medicaid reimbursement would be denied

any hospital or other institution for interest, depreciationand service charges on any construction disapproved by localor regional health planning agencies. Moreover, to strengthenlocal and regional health planning agencies, my fiscal year
1973 budget would increase the Federal matching share. In
addition, grants to establish 100 new local and 20 new State
planning agencies would bring health planning to more than
80 percent of the Nation's population.

-- Reviews of claim samples and utilization patterns,which have saved much money in the Medicare program would
be applied to Medicaid.

-- The efficiency of Medicaid hospitals and health
. facilities would be improved by testing various alternative
methods of reimbursing them.

-~ Cost sharing would be introduced after 30 days ofhospitalization under Medicare.
~~ Federal Medicaid matching rates would decline one-third after the first 60 days of care.
-~ Federal Medicaid matching rates would be increased25 percent for services for which the States contract withHMO's or other comprehensive health care facilities.
These latter three revisions are aimed at minimizinginefficient institutional care and encouraging more effectivemodes of treatment.

RESEARCH AND PREVENTION PROGRAMS

My overall health program encompasses actions on threelevels: 1) improving protection against health care costs.2) improving the health care System itself and 3) workingcreatively on research and prevention efforts, to eradicatehealth menaces and to hold--down the incidence of illnesses.

more
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A truly effective national health strategy requiresthat a significant share of Federal research funds be con-centrated on major health threats, particularly:..when researchadvances indicate the possibility of breakthrough progress.
Potentially high payoff health research and -preventionprograms include:

Heart Disease
If current rates of incidence continue, some 12 million

Americans will suffer heart attacks in the next 10 years.

sional experts to guide us in determining why heart diseaseis so prevalent and what we should be doing to combat it. In
the meantime, the fiscal year 1973 budget provides funds for
exploring:

I shortly will assign a panel of distinguished profes-

the deve allopment of new medical devices to assist
blood circulation and improved instruments for. the earlydetection of heart disease; and

factors as smoking, high blood pressure and high blood fatsto the onset and progression of heart disease.
tests to explore the relationship of such high-risk

Cancer

The National Cancer Act I signed into law December 23,-
1971, creates the authority for organizing an all-out attack
on this dread disease. The new cancer program it createswill be directly responsive to the President's direction.

This new program's work will be given further momentum
by my decision last October to convert the former biologicalwarfare facility at Fort Detrick, Maryland into a cancer
research center.

To finance this. all-~out research effort, I have requestedthat an additional $93 million be allocated for cancer research
in fiscal year 1973, bringing the total funding available that
year to $430 million.

In the past two and one-half years, we have more than
doubled the funding for cancer research, reflecting this
Administration's strong commitment to defeat this dread killer
as soon as humanly possible.

Alcoholism
One tragic and costly illness which touches every

community in our land is alcoholism. There are more than
9 million alcoholics and alcohol abusers in our Nation.

The human.cost of this condition is incalculable --

broken homes, broken lives and the tragedy of 28,000 victims
of alcohol-related highway deaths every year.

The recently established National Institute of Alcohol
Abuse and Alcoholism will soon launch an intensive public
education program through television and radio and will con-
tinue to support model treatment projects from which States
and communities will be able to pattern programs to fight this
enemy.

more
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Meanwhile, the Department of Health, Education,, and
Welfare and the Department of Transportation are funding
projects in 35 States to demonstrate the value of highway
safety, enforcement and education efforts among drinkingdrivers. The Veterans Administration will increase the
number of its Alcohol Dependence Treatment Units by more
than one-third, to 56 units in fiscal year 1973.

Drug Abuse

Drug abuse now constitutes a national emergency.
In response to this threat and to the need for coordina-

tion of Federal programs aimed at drug abuse I established the
Special Action Office for Drug Abuse Prevention within the
Executive Office of the President. Its special areas of action
are programs for treating and rehabilitating the drug abuser
and for alerting our young people to the dangers of drug abuse.

I have proposed legislation to the Congress which would
extend and clarify the authority of this Office. I am hopeful
that Senate and House conferees will soon be able to resolve
differences in the versions passed by the two branches and
emerge with a single bill responsive to the Nation's needs.

The new Special Action Office, however, has not been
idly awaiting this legislation. It has been vigorously setting
about the task of identifying the areas of greatest need and
channelling Federal resources into these areas.

The Department of Defense, for example, working in close
coordination with the Special Action Office, has instituted
drug abuse identification, education, and treatment programs
which effectively combatted last year's heroin problem among
our troops in South Vietnam. Indications are that the corner
has been turned on this threat and that the incidence of drug
dependence among our troops is declining.

The Veterans Administration, again in coordination with
the Special Action Office, has accomplished more than a six-
fold increase in the number of drug dependency treatment
centers in fiscal year 1972, with an increase to 44 centers
proposed in fiscal year 1973.

In fiscal year 1972, I have increased funds availablefor the prevention of drug abuse by more than 130 percent.For fiscal year 1973, I have requested over $365 million totreat the drug abuser and prevent the spread of the afflictionof drug abuse.
This is more than elght times as much as was being spentfor this purpose when this Administration took office.

Sickle Cell Disease
About one out of every 500 black infants falls victimto the painful, life-shortening disease called sickle cell

anemia. This inherited disease trait is carried by about
two million black Americans.

In fiscal year 1972, $10 million was allocated to attackthis problem and an advisory committee of prominent blackleaders was organized to help direct the effort. This com-mittee's recommendations are in hand and an aggressive action
program is ready to start.

more



t To underwrite this effort, I am proposing to increase
the new budget for sickle cell disease from $10 million infiscal 1972 to $15 million in fiscal. 1973.

The Veterans Administration's medical care system also
can be counted on to make an important contribution to the
fight against sickle cell anemia.

Eight separate research projects concerning sickle cell
anemia are underway in VA hospitals and more will be started
this year. All 166 VA hospitals will launch a broad screening,
treatment and educational effort to combat this disease.

On any given day, about 17,000 black veterans are in VA
hospitals and some 116,000 are treated annually.

fAll these expanded efforts will lead to a better and
longer life for thousands of black Americans.

Family Planning Services
Nearly three years ago, I called for a program that would

provide family planning services to all who wanted them but
could not afford their cost. The timetable for achieving this
goal was five years.

To meet that schedule, funding for services administered
by the National Center for Family Planning for this program
has been steadily increased from $39 million in fiscal year
1971 to $91 million in fiscal year 1972. I am requesting
$139 million for this Center in fiscal year 1973.

Total Federal support for family planning services and
research in fiscal 1973 will rise to $240 million, a threefold
increase since fiscal year 1969.

Venereal Disease
Last year, more than 2.5 million venereal disease cases

were detected in the United States. Two-thirds of the victims
were under 25.

A concentrated program to find persons with infectious
cases and treat them is needed to bring this disease under
control. I am, therefore, recommending that $31 million be
allocated for this purpose in fiscal year 1973, more than
two and one~half times the level of support for VD programs
in 1971.

Health Education
Aside from formal treatment programs, public and private,

the general health of individuals depends very much on their
own informed actions and practices.

Last year, I proposed that a National Health Education
Foundation be established to coordinate a nationwide program
to alert people on ways in which they could protect their own

health. Since that time, a number of public meetings have
been held by a committee I established then to gather views
on all aspects of health education. The report of this com--

mittee will be sent to me this year.
The committee hopes to define more explicitly the

Nation's need for health education programs and to determine
ways of rallying all the resources of our society to meet this
need.

more
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Consumer Safety

More than a half century has passed since basic legislation was enacted to ensure the safety of the foods and drugs
which Americans consume. Since then, industrial and agriculturalrevolutions have generated an endless variety of new products,
food additives, industrial compounds, cosmetics, syntheticfabrics and other materials which are employed to feed, clothe,
medicate and adorn the \ American

gonsumer
.

These revolutions created an entirely new man-made
environment -- and we must make absolutely certain that this
new environment does not bring harmful side~effects which
outweigh its evident benefits.

The only way to ensure that goal is met'is to give the
agency charged with that responsibility the resources it needs
to meet the challenge.

My budget request for the Food and Drug Administration
for fiscal year 1973 represents the largest single-year expan-
Sion in the history of this agency -- 70 percent. I believethis expansion is amply justified by the magnitude of the taskthis agency faces.

In the past year, the foundations for a modern programof consumer protection have been laid. The FDA has begun adetailed review of the thousands of non-prescription drug
products now marketed. The pharmaceutical industry has been
asked to cooperate in compiling a complete inventory of every
drug available to the consumer

have proposed the following legislation to
ensure more effective protection for consumers:

for the expansion of inspections of fish handlers and greater
A wholesome fish' and fish products bill which provides

authority to assure the safety of fish products.

the Federal Government to establish and enforce new standardsfor product safety.
A Consumer Product Safety bill which would authorize

-~ Medical device legislation which would not onlyauthorize the establishment of safety standards for these
products, but would also provide for premarketing scientificreview when warranted.

would provide a method for quickly and accurately identifyingany pill or tablet. This provision would reduce the risk of

A drug identification bill now before the Congress

error in taking medicines and allow prompt treatment. followingaccidental ingestion.

year also awaits action by the Congress. This legislation wouldrequire any company developing a new chemical 'that may see

The Toxic Substances Control Act that proposed last

widespread use to test it thoroughly beforehand for possibletoxic effects.

Nursing Homes

If there is one "place to véein upgrading the quality ofhealth care, it is in the nursing homes that care for olderAmericans. Many homes provide excellent care and concern,but far too many others are callous, understaffed, unsanitaryand downright dangerous.

more
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Last August I announced an eight-point program topgupgrade
the: quality of life and the standards or care in. Américan
nursing homes: The Federal interest and responsibility in
this field is clear, since Federal programs including Medicare
and Medicaid provide sdme 40 percent :of total nursing home
income nationally. :

That HEW effort is well underway now:

Federal field teams have surveyed every State nursing
to have deficiencies have corrected 'them...The 39th is acting
to.meet Federal standards. To help States upgrade nursing
homes, I-have proposed legislation: to pay 100 percent of the
costs of inspecting these facilities.

home inspection program, and asa result 38 of 39 States found

Meanwhile; at "my direction, a Federally-funded program
to train 2,000 State nursing home inspectors and to train
field force for assisting nursing homes is being augmented and
fire, safety and health codes have been strengthened.
41,000 'nursing home-employees is also underway. The Federal

'One way to measure the results of these efforts is to
learn how patients in nursing homes feel about. the care. they
are given. We have therefore also begun a program to monitor

_

the complaints and suggestions of nursing home residents.

Applying Science and Technology
In my State of the Union message, I proposed a new

Federal partnership with the private sector to stimulate
civilian technological research and development. One of the
most vital areas where we can focus this partnership -- perhaps
utilizing engineers and scientists displaced from other jobs --
is in improving human health. Opportunities in this field
include:

1. Emergency Medical Services: By using new technologies
to improve emergency care systems and by using more and better
trained people to run those systems, we can save the lives of
many heart attack victims and many victims of auto accidents
every year. The loss to the Nation represented by these un-
necessary deaths cannot be calculated. I have already allocated
$8 million in fiscal year 1972 to develop model systems and

training programs and my budget proposes that $15 million be
invested for additional demonstrations in fiscal year 1973.

2. Blood: Blood is a unique national resource. An

adequate system for collecting and delivering blood at its time
and place of need can save many lives. Yet we do not have a

nationwide system to meet this need and we need to draw upon
the skills of modern management and technology to develop one.
I have therefore directed the Department of Health, Education,
and Welfare to make an intensive study and to recommend to me.

as soon as possible a plan for developing a safe, fast and

efficient nationwide blood collection and distribution system.

3. Health Information Systems: Each physician, hospital
and clinic today is virtually an information island unte itself.
Records and billings are not kept on the same basis abet
laboratory tests are often needlessly repeated and vital patient

I have therefore asked the Secretary of Health, Education,
and Welfare to plan a series of projects to demonstrate
feasibility of developing integrated and uniform systems of

ywhere,

data can get lost. All of these problems have been accentuated
pecause our population is so constantly on the move

nology exists to end this chaos and improve the quality of care.
The tech

the

health information.

more
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4, Handicapping Conditions: In America today there are
half a million blind, 850,000 deaf and 15 million suffering
paralysis and loss of limbs. So far, the major responses to
their need to gain self-sufficiency, have been vocationalrehabilitation and welfare programs. Now the skills that
took us to the moon and back need to be put to work develop-
ing devices to help the blind see, the deaf hear and the
crippled move.

TOWARD A BETTER HEALTH CARE SYSTEM

Working together, this Administration and the Congress
already have taken some Significant strides in our mutual
determination to provide the best, and the most widely avail-
able, health care system the world has ever known.

The time now has come to take the final steps to
reorganize, to revitalize and to redirect American health
care -- to build on its historic accomplishments, to closeits gaps and to provide it with the incentives and sustenance
to move toward a more perfect mission of human compassion.

I believe that the health care resources of America in
1972, if strengthened and expanded as I have proposed in this
Message, will be more than sufficient to move us significantlytoward that great goal.

If the Administration and the Congress continue to act
together -~ and act on the major proposals this year, as I
Strongly again urge -- then the 1970s will be remembered as
an era in which the United States took the historic step of
Making the health of the entire population not only a great goalbut a practical objective.

RICHARD NIXON

THE WHITE HOUSE,

March 2, 1972,

# # #
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FOR IMMEDIATE RELEASE MARCH 2, 1972

Office of the White House Press Secretary
(Key Biscayne, Florida)
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FACT SHEET

These are the major features of the Health Message
which. the President sent to the Congress today:

. National Health nsurance Standards Act will require
-- All employers of one or more persons, to provide mini-

mim standard health insurance protection for their
employees and dependendts of employees, . Exceptions:
State and local government; self-employed; household
domestics; part-time and seasonal workers.

-- Standard benefit plan which includes inpatient hos~
pital care (or equivalents in extended care facilities
or home health services), surgical and medical care
including physicians services, laboratory and X-ray-
ancillary services on an inpatient and outpatient
basis, maternity care, well-child care and vision
care for children.

-- . Deductible of $100 per person up to. three (not appli-
cable to well child and vision care), plus 2 days of
hospital room and ward charges (average $54/day).
Goinsurance -of 25% of costs up to $5000 in medical
bills per. person; once $5000 in covered costs reached
in a year, no further coinsurance for that person for
that year and 2 succeeding years «

-- Catastrophic cost protection of at least $50,000 per
person with an automatic restoration of. $2000 in
benefits a year. :

Employer to pay at least 65% of the premium costs for
the first two and one-half years and of 75%
of the costs thereafter. Effective date, July 1, 1973.

sharing among small employers, the self-employed and
people outside of the labor force. Permits purchase
at group rates,

through :traditional providers or prepaid HMO systems.

Cost control, utilization review, standards for providers.

_ Family Health Insurance Plan will provide:
t

:

: ::

Establishment of private insurance pools for risk

Employees to be given the option of obtaining services

Basic health insurance protection to all low income
families with children not covered by employer plans.

income cutoff at $5000 (for a. family of four).Uniform nationwide definition of eligibility with the

more (CVER )



- . "=

2

-- Removal of the current inequities in Medicaid between
Male and female headed families, the working and non-
working poor. Removes the eligibility inequities among
States based on income and the wide variation in bene-
fits. Removal of the Medicaid problem of sudden loss
of all benefits.
Benefits that include 30 days of inpatient hospital
care (or equivalents in extended care facilities or
home health services), surgical and medical care in-
Cluding physicians services, maternity care and family
planning, well-child care, vision care for children,
emergency services and diagnostic laboratory and X-ray.
Benefits are the same for all low income families
nationwide; fully federally financed.

-- No cost sharing for families with incomes below $3000
(for a family of four). Premiums, deductibles and
coinsurance rise as income rises up to the income cutoff
where the families' share would be equivalent to cost
sharing under the employer plan.
Option for the family to elect to receive services
from HMO's on a prepaid capitation basis.

-- Similar requirements as in Medicare for standards for
providers, cost controls, utilization and peer review.
Effective July 1, 1973.

The current Medicaid program for the aged, blind and
disabled will remain in effect for those categoriesof persons.

Combining Parts A and B of Medicare
Part B of Medicare, which covers primarily physicians' fees, is
now a voluntary program with one-half of the cost paid by older
people at the current rate of $5.80 per month and with one-half
paid from general revenues. Under the proposal, the premium
payment required of older people would be prepaid by employer and
employee contributions, just as is presently the case with
Medicare hospital insurance, with coverage beginning automaticallyat age 65 for those insured under the social security and rail-

The Proposal would offer significant advantages to the aged.

their reduced incomes after retirement.
Elimination of the premium would be the equivalent,on the average, of about a 5 percent increase insocial security benefits of those now paying premiums.In fiscal year 1973, savings to older people in pre-Miums and reduced payments by States on their behalfwould be $1.5 billion, (This, of course, would muchmore than offset the increase in co-payments under
utilization -- estimated at a $400 million saving tothe progran. )

more

road retirement programs.

The aged would no longer have to pay premiums out of

Medicare proposed in the budget as a measure to improve
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Of the 20 million persons 65 and over who are protected byhospital insurance, 19-1/2 million (about 96%) have signed
up for Part B. (States are paying the premiums on behalf of
about 2 million persons who receive assistance or are medicallyindigent, and would save $143 million under this proposal.)
The combined finances will result in administrative simplifi-cation and operating savings since it will eliminate such pro-cesses as enrollment and disenrollment and periodic premium
Changes for nearly all the aged. It will be necessary toretain only a small voluntary insurance roll for personsuninsured for social security benefits who wish to join Medicare.
Health Maintenance Organizations
A Health Maintenance Organization, or "HMO", is an organized
system of health care providing comprehensive services (ambu-
latory and hospital care at a minimum) to a voluntarily enrolled
population for a fixed prepaid fee. Consumers have convenient
access to a system and do not have to find each piece separately.
Reasons for HMO development:

-- Organization into one system with strong linkages
between general practitioners, specialists, hospitals,
Clinics, laboratory, ECFs.

-- Built-in incentives for controlling cost, efficient
use of resources leading to self-regulation, not more
direct Federal involvement.

-- Vehicle for responding to all health care problems;
organization, financing, manpower, prevention.

# et # # #



RAND 4 4 1979
ay

FOR IMMEDIATE RELEASE fem MARCH 2, 1972

OFFICE OF THE WHITE HOUSE PRESS SECRETARY
(Key Biscayne, Florida)

THE WHITE HOUSE

PRESS CONFERENCE
OF

DR. MERLIN DUVAL, ASSISTANT SECRETARY OF HEW
FOR HEALTH AND SCIENTIFIC AFFAIRS

12:20 P.M. EST

MR. BALL: You have the President's message onkeelth which was delivered to the Congress at noon, and you
also have a Fact Sheet covering some of the legislation.

Here to brief you on the message is Dr. Merlin
DuVel, Assistant Secretary of HEW on Health and ScientificAffairs.

DR. DuVAL: The President, as you know, is sendingto Congress today a Health Message. The President remains concerned
about the fact that there is not equal access to quality health
care in the United States. He does concede again that there
remains an imbalance in the supply and demand of health personnel

. and that there are gross inefficiencies in this system.

Because you have not had the message for very long, I
am going to attempt to highlight some of the things in it for you
and then respond to some of your questions.

The President, as you know, in February of 1971, did
send forward a message to the Congress on health. It consisted of
a number of very specific pieces of legislation which togetherfit into a very comprehensive and articulat package.

It included certain selective investments. It focused
very heavily on institutional reform, but at the same time was
structured in such a way that it would permit a reform of the
American medical distribution system and yet build on its existing
strengths.

I believe the history will show this is the first
president who has ever put together a single total strategy,
certainly in health. That constituted the substance of his
message a that time one year ago.

The Congress, of course, has already responded in part
to that message, and it has passed. He, in turn, has filed the
Health Manpower Act, the Nurse Training Act, the Cancer Authority,
the Special Action Office for Drug Abuse. But, as you also know,
we have submitted legislation as a part of that package including
the National Health Insurance Partnership Act and the Health
Maintenance Organization Assistance Act which is to encourage
institutional reform and welfare reform because it includes
certain provisions related to Medicare and Medicaid.

You have, as Mr. Ball has already said, a three-page fact
sheet that discusses the outstanding legislation, . and I will not
dwell on those. .

HORE COVER
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The message today is a reminder to Congress that
the work on this very comprehensive package remains incomplete,but the message highlights certain matters about which the
President wanted to express particular concern end to which he
wanted to draw paraticular attention. I will cite those for
you quickly, so that they. can serve as stimulus for such
questions as you choose,

First -- and not in any priority; I am taking them

as you know, directed our National Institute on. Alcohol Abuse
and Alcoholism to undertake a very massive education program,
and we have already engaged and recently started a joint effortwith the Department of Transportation now in 30 States ina
large program on highway safety, education about alcohol and.
driving, and enforcement.

was his concern about alcoholism, He has,alphabetically

With regard to cancer, as you know, the new cancer.
authority machinery is already in place. The director of a
three-man cancer panel has been identified, as have now the other
two. members of the cancer panel. The President will shortly be
announcing the membership of the cancer authority, along with
the names of the persons who will serve on the advisory board.

$185 million in 1969, this has been rapidly expanded to the pointin 1973 where he is recommending $430 million be spent on cancer

He has focused on consumer safety in a most interesting
way. In fact, the Food and Drug Administration has never in its
history been accorded the treatment it is receiving this year atthe suggestion of the President, who is deeply corscious of theconcern of the American people about safety.

#23 He is eager to point out that since the investment of

research. :

We have recommended an increase of 70 percent in his
budget up to a total of approximately $188 million. They havealready started an enormous. review of over-the-counter prescrip~tion drugs, We have had wonderful cooperation on this point bythe drug industry in establishing a complete inventory of the
drugs available on the American scene, and we are moving heavilyinto the area of food plant inspection and enforcement.

In the field of drug abuse, as you know, the Presidenthad established a Special Action Office on Drug Abuse in June1971. He has since had confirming legislation from the Congresssetting.up the Special Action Office with appropriate authority.

Since it came in; it has increased by.a factor of eight thetotal investment of the Government in drug abuse and the prob-lems allied therewith, and.in 1973 will be up to an investment

'This Administration is very pleased to point out that

Of $365 million, : :

In family planning, which the President has paidparticular attention to, he points out that even as recentlyas 1971 we were only investing $39 million, We have pushedthat: in 1972 to.$91:million, and. next year to $139 million inHEW alone.

In addition, we are recommending that $44 millionbe expended on research on birth control and on population growth.
HORE
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Along with the investment, incidentally, from Medicaid

and certain other programs, together with those in the office of
Economic Opportunity and the AID, our total investment in family
planning has now reached $360 million.

The President has felt for some time that the system
can be no better than the capacity of the individual citizens
to use it, and he has recommended the stablishment, since created,
of a national commission, an advisory committee at this moment to
him, on health education.

That committee is now functioning and undertaking the
assignment on his behalf of coming in with techniques for tappingthe private sector and all of the media for conducting a massive
campaign on the significance of personal. health and the environ-
ment.

In the area of heart disease, the President is recommend-
ing an additional boost this year of $22 million, has invited, andwill be announcing shortly, the names of a panel to sit in judgment
of the real significance of heart disease to the American people
and precisely what the role should be in solving this problem.

This year \.4 will attempt to increase our enthusiasm
and emphasis on the establishment of new devices to be of assist
to people with cardiac problems. As you have probably heard from
other sources, an announcement tothis having to do with the first
fabrication of a completely atomic-powered: implantable heart was
released. this morning.

MORE
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We are also going to focus on the prevention of
heart disease,.screening clinics and the epidemiology of
heart disease, because, as you know, we have a very firm
"clue now that the three basic flaws, so to speak, that maylead to higher incidence of coronary heart disease is
smoking, obesity and high blood fat levels. When those
three occur gimultaneously, the incidence of coronary heart
disease begins to skyrocket.

The President has begun to focus again on health
maintenance organizations. This is part of the legislationthat remains unpassed at this time in Congress, and he has
asked that the expenditure on

:their behalf be increased from
$27 million to $60 million in 1973, and the President has
asked us to continue actively his program announced in New
Hampshire last.August to upgrade the nursing homes in 'the
United States through an 8-point program' involving the edu-

. Cation and training of 2,000 nursing home inspectors and
41,900 nursing, home employees, : : :

Rs
: :

: :

In the meantime, we:have also further strengthened'tha , and safetv codeg and we have evidence that.all +
7

but'one State' are now in compliance. :

4:2

tn the field, of science :
:

:

President has felt.that.the extraordinazy advances made
particularly through the :space industry are applicable:in*: ~
the field of health, : and he -has. asked us to. focus on the-oreation of emergency medical service systems in the United

:

:
:

States. He has asked the Department of Health, Education,and Welfare to do an intensive study on how we can betterutilize and distribute human blood, which, as you know, is anatural resource and not otherwise manufacturable, and toput in place health information systems which will make itpossible for us to nationalize and do a better job with what wedo in the health field,
The President has also again singled out for atten-tion sickle cell disease, and he has asked that we increasethe budget another 50 percent, up $15 million, and has askedall Veterans Administration hospitals to get on with a screen-ing of all patients who are black and who come into the juris-diction of the Veterans Administration hospitals. At any daythere are about 1500 or 1700 such patients within the Vet-erans Administration hospitals.
He has, as you know, set in place a very specialAdvisory Committee on Sickle Cell Disease which is activeand working at this time.
In vener al disease, which, as most of you know,has shown evidence of a breakthrough in very recent years,we have pushed our Federal concern through investment in1971 from $12.1 million up to $31 million this year inorder to getin palce the capacity within the system to getat particularly the young people who are afflicted withvenereal disease. Public education will be a large part ofthis program,

Then, with regard to the Food and Drug Administra-tion, again I would mention one other thing which remainsfrom past references: that the President has expressed a

CRE
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deep interest in moving into the area of consumer' product
safety, and has asked us, through legislation, to establish
and enforce standards in this area to begin to describe and
set up standards for medical devices, to proceed further with

cases of poisoning to act more quickly and more responsively,
and to require the pre-testing of toxic substances so they
can be better controlled.

This does represent, in effect, a brief
: summary

of a health me Bage which I have taken you through because you
have not had the benefit of 3 long exposure to it this morning.

:

drug identification so that it will make it possible in

Q Dr. DuVal, can you tell the legislative
status at the end of last year of the principal recommendations

DR. DuVAL: In the instanée of insurance, we have a
situation in which the President's bill has been 'through the
phase of public hearings before Ways and Means on the House
side. That is now in Executive Session. It is my understand-
ing that by approximately March we may see a bill. In the
meantime, the Senate Finance Committee will be taking it up
after it finishes its work on welfare reform.

:

on insurance? The one the House passed?

Q What is the status of Jesse Steinfeld? Is he
on his way out?

DR. DuVAL: Not at all, as far as I know.

Q There are persistent reports to the effect
that Steinfeld refuses to discuss it now.

DR. DUVAL: If you wish, I will clarify that this
way and if, afterwards, you want additional information, I
will give you everything you need: The issue specifically
here is this: that the U.S. Public Health Service, until
approximately the second world war, was, in effect, the
Public Health Service commissioned corps. They were one
and the same. In the last roughly 20 to 25 years the U.S.
Public Health Service has become a very large operation of
approximately 45,000 employees, of which only about 5,000 are
commissioned corps. That is because of the NIH, the FDA and
HISMA.

As a consequence of this change, the senior operating
officer of the Public Health Service,in years past having
been the Surgeon General, was, in fact, replaced by an Assis-
tant Secretary for Health and Scientific Affairs as a conse-
quence of the Executive Reorganization in 1969. The anomaly
that persists after that is that you have, in effect, two
potential voices within Government that can speak for health.

As a consequence of the Perkins Committee study
this year which recommended to the Secretary that we move

away from a dual personnel system -~ that is, a commissioned
corps and a civil service -- and more, instead, toward a
situation where there was a single personnal service, the issue
of the future of the Surgeon General must obviously then be
treated, and I have been assigned the function of determining
what should be the future role of the Surgeon General.

MORE
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The issue is this: At this time the Surgeon

General, by virtue of heritage, serves as the principal
Deputy Assistant Secretary or the Assistant Secretary for
Health and Scientific Affairs, and also as Surgeon General.
Inasmuch as all three agencies now have as their directors
or administrators Presidential appointees, we believe that
it would be wiser to have political appointees or Presi-
dential appointees reporting to a Presidential appointee
rather than to a career officer,

So our suggestion has been that we disengage the
two titles of Surgeon General and Deputy Assistant Secre-
tary, and that is all. Following that maneuver -- if we
proceed through it -- and that is the recommendation as of
today -- the Surgeon General will remain as the principal
health adviser to the Office of the Assistant Secretary.

It is a long answer. I am sorry, but it is very
complicated,

MORE
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Q He would no longer have authority over FDA?

DR. DuVAL: He doesn't now, only to the extent he mayserve as my principal deputy if I am out of town. Obviously, he
can operate as a principal deputy in the line chart. He has,
obviously, never functioned, however, in that role, so there is
no change.

Q Can you tell us what the major changes are in
this year's health program over last year?

DR. DuVAL: I think, to the extent that one defines
"changes" ordinarily, I would not single out any changes. To me,
the special point of the message especially, I might add, to
someone like myself who has a deep and abiding concern on health
matters on behalf of the American people--and came to Washington,
incidentally, to see to what extent I might represent thoseinterests--I find great reassurance in this, for two reasons: As
I have already indicated, this is the first president in the his-
tory of the United States who has ever assembled a completely
comprehensive and articulated package to treat the entire issue
of the health problem of the American people.

This message, secondly, reaffirms his continued pressure
on Congress that all of those pieces must come into place. If
they do not, it will be complete and we will not be able to get
the job done.

Q Is he asking for anything now that he did ask for
last year and failed to get then?

DR. DuVAL: Beyond the individual items that I singled
out, which represent different budgetary emphases with regard to
individual programs, there is nothing different in the overall
strategy.

Q To refresh my memory, did he last year propose the
elimination of the $5.80 premium on Medicare?

DR. DuVAL: Yes.

Q Do you expect this to come out of the House Ways
and Means Committee essentially as you have outlined here in your
fact sheet?

DR. DUVAL: There is no way I--and I presume most of
my fellow Americans, if I can use that expression--can anticipate
what Mr. Mills expects to do to that bill.

I would say this, though: To the extent one can reason~
ably guess, it seems logical if an insurance bill comes out of the
Ways and Means Committee it will probably be a bill that will be
based on the existing combination of private and Federal invest-
ment in the health financial structure. To that extent, the
President's basic posture will have been protected. As you
know, the alternative discussions to this are not attractive.

Q In other words, you do expect to get essentially
what you have outlined in the message?

DR. DUVAL: I would not wish to speak to the specifics,
but the core system for financing health care, I expect, will be
in the bill.

MORE
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Q Gan you give us a budgetary figure showing the
increase totally in additional funds requested for 1973 versus
1972?

pe' puvaL: Yes. In, terms. of grant totals?.4

Q. You said the major emphasis was on budgetarydifferences. I wonder if you could give
\

us a sum total.
DR. DUVAL The figure.I have. in front of me--but.I

might have to correct this by looking at the budget--is a total
increase of $485 million. **

Q That is compared to last year?
DR. DuVAL:

: :

Yes.

Q Fiscal 1973?

DR. DuVAL: is. correct, fiscal 1973 was my response.
Q An increase. from what to what,. sir?

That

DR. DUVAL: Again, I-may have tozget the actual figure,
but it. ig. approximately $4.5 billion.

Q In 1973?

Q Is that the whole thing? Is that the whole package?

DR. DUVAL: 1973.

DR. DuVAL: "Whole" is a relative word. There is an
-@ngymous amount of health expenditure in Title 18 and Title 19.In other words, in Medicare and Medicaid. I was not includingsuch figures in that. I was only referring specifically to the
three. health agenciesof the Public Health Service FDA, the

4
:

National Institutes, of Health, and theHealth Services,and MentalHealth Administration.
THE PRESS: Thank you, Dr. DuVal.

END... (12:83-p.m. EST).
kk NOTE: HEW health budget for FY "73 is $1.514.billionover FY "72 budget. :

:

:
:

ad
: :

: :

: : :

:

:
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OFFICE OF THE WHITE HOUSE PRESS SECRETARY

THE WHITE HOUSE

REMARKS OF THE PRESIDENT
ON THE ENVIRONMENTAL MESSAGE FOR RADIO AND TELEVISION

Each of us, all across this great land, has a
stake in maintaining and improving environmental quality:clean air and clean water, the wise use of our land, the
protection of wildlife and natural beauty, parks for all to
enjoy.

These are part of the birthright of every American.
To guarantee that birthright, we must act, and act decisively.It is literally now or never.

During the past three years, we have made a goodStart. We have passed new laws to protect the environment,
and we have mobilized the power of public concern. But thereis much yet to be done.

Eighteen of the major environmental proposals which
I put forward a year ago have still not received final action
by the Congress. I repeat today my urgent request for Con-
gressional action on this much needed legislation, and I am
also presenting a number of new proposals.

The environmental agenda now before the Congress
includes laws to deal with water pollution, pesticide hazards,
ocean dumping, excessive noise, careless land development, and
many other environmental problems. These problems will not
stand still for politics or for partisanship. They demand
to be met now. By meeting them now, we can make 1972 the
best year ever for environmental progress.

The time has come for man to make his peace with
nature. Let us renew our commitment. Let us redouble our
effort. The quality of our life on this good land is a
cause to unite all Americans.

## # #### #
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\ 1Office of the White House Press secretary

THE WHITE HOUSE

LETTER FROM THE PRESIDENT TO THE
PRESIDENT OF THE SENATE AND THE SPEAKER OF

THE HOUSE OF REPRESENTATIVES

Dear Mr. President: (Dear Mr. Speaker: )
Pursuant to the Wilderness Act of September 3, 1964, I
am pleased today to transmit proposals for 18 additionsto the National Preservation System.
The proposed new wilderness areas, which cover 1.3 millionacres in all, are enumerated in my Special Message on the
Environment of today's date. Two other possibilities con-Sidered by the Secretary of the Interior in his review ofroadless areas of 5,000 acres or more -- Martin NationalWildlife Refuge, Maryland, and Wupatki National Monument,Arizona -- were found to be unsuitable for inclusion in
the Wilderness System. I concur in this finding and inthe 18 favorable recommendations of the Secretaries of
the Interior and of Agriculture, all of which are trans-
mitted herewith.
Timely and farsighted action is imperative if we are to
preserve America's irreplaceable heritage of wildness
as part of our legacy to the future. I urge that pro-tected status be promptly extended to the lands covered
by these proposals and by the 31 previous wilderness
recommendations already pending before the Congress.

Sincerely,

RICHARD NIXON

Honorable Spiro T. AgnewPresident of the Senate
Washington, D.C.
Honorable Carl Albert
Speaker of the

House of Representatives
Washington, D.C.

HedHH
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FOR RELEASE AT 12 NOON, EST February 8, 1972

Office of the White House Press Secretary

THE WHITE HOUSE

TO THE CONGRESS OF THE UNITED STATES:

From the very first, the American spirit has been one of self-
reliance and confident action. Always we have been a people to say

soul" -- a people sure that man commands his own destiny. What
has dawned dramatically upon us in recent years, though, is a new
recognition that to a significant extent man commands as well the
very destiny of this planet where he lives, and the destiny of all
life upon it, We have even begun to see that these destinies are
not many and separate at all -- that in fact they are indivisibly
one,

with Henley "ty am the master of my fate... the captain of my

This is the environmental awakening. It marks a new sensitivity
of the American spirit and a new maturity of American public life,
It is working a revolution in values, as commitment to responsible
partnership with nature replaces cavalier assumptions that we can
play God with our surroundings and survive, It is leading to
broad reforms in action, as individuals, corporations, govern-
ment, and civic groups mobilize to conserve resources, to
control pollution, to anticipate and prevent emerging environ-
mental problems, to manage the land more wisely, and to preserve
wildness,

In messages to the Congress during 1970 and 1971 I proposed
comprehensive initiatives reflecting the earliest and most visible
concerns of the environmental awakening. The new cast of the

public mind had to be translated into new legislation. New in~

sights had to have new governmental forms and processes through
which to operate. Broadly-based problems -~ such as air
pollution, water pollution and pesticide hazards -- had to be dealt
with first,

The necessary first steps in each of these areas have now
been taken, though in all of them the work is far from completed.
Now, as we press on with that work in 1972, we must also come
to grips with the basic factors which underlie our more obvious
environmental problems -- factors like the use of land and the

impact of incentives or disincentives built into our economic
system. We are gaining an increasingly sophisticated under-

standing of the way economic, institutional, and legal forces
shape our surroundings for good or ill; the next step is learning
how to turn such forces to environmental benefit.

more (OVER)
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Primary responsibility for the actions that are needed to protect and
enhance our environment rests with State and local government, consumers,
industry, and private organizations of various kinds -- but the Federal
Government must provide leadership. On the first day of this decade I
stated that "it is literally now or never" for true quality of life in America.
Amid much encouraging evidence that it can and will be ''now,'' we must
not slacken our pace but accelerate it. Environmental concern must
crystallize into permanent patterns of thought and action. What began as
environmental awakening must mature finally into a new and higher en-
vironmental way of life. If we flag in our dedication and will, the problems
themselves will not go away. Toward keeping the momentum of awareness
and action, I pledge my full support and that of this Administration, and I
urgently solicit the continuing cooperation of the Congress and the American
people,

TWO YEARS' AGENDA

From Consideration. to Action

In my 1971 environmental message, just one year ago today, I sent
to the Congress a comprehensive program designed to clean up the
problems of the past, and to deal with emerging problems before they
become critical. These proposals included:

« Regulation of toxic substances

Comprehensive improvement in pesticide control
authority

Noise control

Preservation of historic buildings
Power plant siting

Regulation of environmental effects of surface and
underground mining :

Ocean dumping regulation

More effective control of water pollution through a
gseatly expanded waste treatment grant program and : :

strengthened standard-setting and enforcement authori-ties

A National Land Use Policy Act
Substantial expansion of the wilderness system
Expanded international cooperation
To date,. most of the legislation on this list has been the subject of

year was, quite properly, a year of consideration of these measures bythe Congress. I urge, however, that this be a year of action on all ofthem, so that we can move on from intention to accomplishment in the im-portant needs they address, Passage of these measures and creation ofthe unified Department of Natural Resources which I also proposed in1971 ~- by this 92nd Congress -- will be essential if we are to have anadequate base for improving environmental quality.

congressional hearings > most of it has attracted heartenin interest and
*

Lastsupport; but none of it has yet received final congressional action

more
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Buiding on the Base

As that base is being established, we must move ahead to build wisely
initiatives and actions in the following areas:

-~ Tightening pollution control

and rapidly upon it. i ehall ougline today a plan for doing that, with

A Toxic Wastes Disposal Control Act

Legislation to control sediment from construction
activities

An emissions charge to reduce sulfur oxide
air pollution

Clean energy research and energy conservation
measures

-- Making technology an environmental ally

Integrated pest management

Stepped-up research on noise control

Stepped-up research on air pollution
effects and measurement

-- Improving land use

Expansion and strengthening of the National
Land Use Policy Act

Protection of wetlands

-- Protecting our natural heritage
A ban on use of poisons for predator
control on public lands

A stronger law to protect endangered species
of wildlife

Big Cypress National Fresh Water Reserve

National Recreation Areas around New York
Harbor and the Golden Gate

Conversion of 20 additional Federal properties
to recreational use

18 new Wilderness Areas

Regulation of off-road vehicles on Federal lands

-- Expanding international cooperation on the environment

Establishment of a United Nations Fund for
the Environment

Further measures to control marine pollution

more
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-- Protecting children from lead-based paint
-- Enlisting the young

: President's Environmental Merit Awards Programfor high schools

Youth opportunities in the Department of AgricultureField Scout program,

TIGHTENING POLLUTION CONTROL
The legislative framework for dealing with our major air pollutionproblems has become law, and I have made comprehensive recom-

remain to be addressed which are difficult to deal with under the
general pollution control :authorities.

mendations regarding water pollution control. But several. problems

Disposal of Toxic Wastes

Increasingly strict air and water pollution control 'iaws and theirmore effective enforcement have led to greater reliance on land --both surface and underground +~-for disposal of waste. products fromthe toxic substances being used in ever greater volume and varietyinour society, Without adequate contruls, such waste disposal maycause contamination of underground and surface water s leading todirect health hazards.
-- I propose a Toxic Wastes Disposal Control Act, under whichthe Environmental Protection Agency would establish Federal guide -lines and requirements for State programs to regulate disposal onor under the land of those toxic wastes which poge a hazard to health,The act would provide for Federal enforcement action if'a State shouldfail to establish its own program.

Sediment Control :

: :

Sediment, small particles of soil which enter the water, is themost pervasive water pollution problem which does not come primarilyfrom municipal or industrial sources. Heavy loads of sediment inter-fere with many beneficial uses of water, such as swimming and watersupply, and can change the entire character of :an aquatic environment.Many of our great waterways are afflicted with this problem. In oururban areas, a significant arnount of sediment comes from construction.However, if proper construction practices are followed, sddimentrunoff from this source can be greatly reduced.
-- I propose legislation calling upon the States to establish; throughappropriate local and regional agencies, regulatory programs to controlsediment affecting water aualitv from earth-moving activities such asbuilding and road construction,

ot @The Environmental Protection Agency, together with other Federalagencies, would develop Federal guidelines for appropriate controlmeasures, Federal enforcement would take place in situations wherea State failed to implement such a.program.

:

more
: : : :
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Sulfur Oxides Emissions Charge

I my 1971 Environmental Message, I announced plans to ask
for imposition of a charge on sulfur oxides emissions, one of the
air pollutants most damaging to human health and property, and
vegetation. The Council on Environmental Quality, the Treasury
Department and the Environmental Protection Agency have now
completed their studies on this measure and have developed the
details of an emission charge proposal,

-- propose a charge on sulfur emitted into the atmosphere
from combustion, refining, smelting, and other processes.

This charge would begin in 1976 and apply in all regions where
the air quality does not meet national standards for sulfur oxides
during 1975. The charge would be 15 per pound on sulfur emitted
in regions where the primary standards -- which are designed to
be protective of public health -- have not been met within the dead-
line for achievement prescribed in the Clean Air Act. In regions
where air quality met the primary standard but exceeded the
secondary national standard -- designed to protect property, vege-
tation, and aesthetic values -- a charge of $.10 per pound of sulfur
emitted would apply. Areas which reduce emissions sufficiently to
meet both primary and secondary air quality standards would be
exempt from the emission charge.

This charge is an application of the principle that the costs of
pollution should be included in the price of the product. Combined
with our existing regulatory authority, it would constitute a strong
economic incentive to achieve the sulfur oxides standards necessary
to protect health, and then further to reduce emissions to levels
which protect welfare and aesthetics. - :

Clean Energy Generation and Conservation

Ours is an energy-based economy, and energy resources are
the basis for future economic progress. Yet the consumption of
energy-producing fuels contributes to many of our most serious
pollution problems. In order to have both environmental quality
and an improving standard of living, we will need to develop new
clean energy sources and to learn to use energy more efficiently.

Our success in meeting energy needs while preventing adverse
environmental effects from energy generation and transmission will
depend heavily on the state of available technology. In my message
to the Congress on energy of last June, I announced a series of
steps to increase research on clean and efficient energy production.
But further action is needed.

-- 8 part of my new commitment to augment Federal Research
and development and target it more effectively on solving domestic
problems, I have requested in the 1973 budget an additional $88
million for development of a broad spectrum of new technologies
for producing clean energy.

more :
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In addition to carrying forwerd the priority efforts I have already
announced ~~ the liquid metal fast breeder reactor, pipeline quality

provides funds for new or increased offorts on fusion power, solar
energy, magnetohydrodynamics, industrial gas from coal, dry
cooling towers for power piant waste heat, large energy storagebatteries and advanced underground electric transmission lines.
These new efforts relate to both our immediate and our future

gas from coal, and sulfur oxide control technology -- the budget

energy problems, and are needed to assure adequate supplies of
clean energy,

My message on energy also announced several steps that
would be taken by the Federal Government to use energy more
efficiently and with less environmental harm. One of these stepswas issuance by the Secretary of Housing and Urban Developmentof revised standards for insulation in new federally insured
houses. The new standards for single-family structures, which
have now been issued through the Federal Housing Administration,reduce the maximum permissible heat loss by about one-thirdfor a typical home, The fuel savings which will result from the
application of these new standards will, in an average climate,exceed in one year the cost of the additional insulation required.

I am now directing the Secretary of Housing and Urban
Development to issue revised insulation standards for apartmentsand other multifamily structures not covered by the earlier revision,The new rules will cut maximum permissible heat loss by 40%.

The savings in fuel costs after a 5-year period will on the
average more than offset the additional construction costscasioned by these revised standards.

These stricter insulation standards are only one example of
administrative actions which can be taken by the Federal Gov-ernment to eliminate wasteful use of energy. The Federal
Government can and must provide leadership by finding ard
implementing additional ways of reducing such waste,

~~ I have therefore instructed the Council on Environmental
Quality and the Office of Science and Technology, working withother Federal agencies, to conduct a survey to determine whatadditional actions might be taken to conserve energy in Federalactivities,

This survey will look at innovative ways to reduce wasteful
consumption of energy while also reducing total costs and un-desirable environmental impact.

Recycling
Recycling the technique which treats many types of solidwastes not as pollutants but as recoverable and reusable"resources out of place" -- ig an important part of the answerto the Nation's solid waste burden. Last year, at my direction,the General Services Administration began reorienting govern-ment procurement policies to set a strong Federal example inthe use of recycled products,

more
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Because Federal tax foticy should aiso offer recycling
incentives, the Treasury Deparimers clarifying the availability
of tax exempt treatment industrial revenue bond financing for the
construction of recycling facilities Euilt by private concerns to
recycle their own wastes.

The Environmental Transition

Many environmental problems are influenced by the way our
economy operates. Conversely, efforts to improve environmental
quality have an impact on the economy. Our national income
accounting does not explicitly recognize the cost of pollution
damages to health, materials, and aesthetics in the computation
of our economic well-being. Many goods and services fail to
bear the full costs of the damages they cause from pollution, and
hence are underpriced,

Environmental quality requirements will affect many of our
industries by imposing new costs on production, We know that
these impacts fall unevenly on industries, new and old firms,
and on communities, but little concrete data has been available.
Contract studies have recently been performed for the Council on
Environmental Quality, the Environmental Protection Agency,
and the Department of Commerce, under the policy guidance of
the Council of Economic Advisers. These initial studies suggest
that pollution control costs will result in some price increases,
competitive trade disadvantages, and employment shifts. The
major impact of these costs will be on older, and usually smaller
plants.

As long as we carefully set our environmental goals to
assure that the benefits we achieve are greater than the social
and economic costs, the changes which will occur in our economy
are desirable, and we as a Nation will benefit from them.

2. MAKING TECHNOLOGY AN ENVIRONMENTAL ALLY
The time has come to increase the technological resources

allocated to the challenges of meeting high-priority domestic needs.
In my State of the Union Message last month, I announced an
expanded Federal research and development commitment for this
purpose, There is great potential for achievement through tech-
nology in the fight against pollution and the larger drive for quality
in our environment,

The temptation to cast technology in the role of ecological
villain must be resisted -- for to do so is to deprive ourselves
of a vital tool available for enhancing environmental quality.
As Peter Drucker has said, 'the environment is a problem of
[the] success" of technological society, by no means a proof of its
failure, The difficulties which some applications of technology

on the 20th century, but only at a price in privation which we
do not want to pay and do not have to pay. There is no need to

wisely applied so that it becomes environmentally self-corrective.
This is the standard for which we must aim.

our backshave engendered might indeed be rectified by turning

throw out the baby with the bath water. Technology can and must be

more
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Integrated Pest Management :

Chemical pesticides are a familiar example of a technological
innovation which has provided important benefits to man but which

nologies of integrated pest management must be developed so that
agricultural and forest productivity can be maintained together with,rather than at the expense of, environmental quality. Integrated pest
management means judicious use of selective chemical pesticides in

reliance on such natural pest population controls as predators, steril-
ization, and pest.diseases. , The following actions are being taken:

has also produced unintended and unanticipated harm. New tech-

combination with nonchemical agents and methods. It seeks to maximize

-- Ihave directed the Department of Agriculture, the National
Science Foundation, and the Environmental Protection Agency to
launch a large-scale reasearch and devel-
opment program. This program will be conducted by a number of our
leading universities,

Thave Ajre-ted the Nenartment of Apriculture to increase
field tecting of pramiaing naw methada of pest detection and control.
Also, other existing Federal vesticide application programs will beexamined for the purnnae of new pest management
techniques.

-- Ihave directed the Denartments of Agriculture and of Health,
Education, and Welfare to encourage the development of training and
certification programe at appropriate academic inatitutions in order
to provide the large number of crop protection specialists that will be
needed as integrated pest mananement hecnmesn more fully utilized.

lhave authorized the Department of Agriculture to expandits crop field scout demonstration program to cover nearly four
million acres under agricultural production by the upcoming growingseason,

Through this program many unnecessary pesticide applicationscan be eliminated, since the scouts will be used to determine when
pesticide applications are actually needed.

$ :

In my message on the environment last February Itproposed a
comprehensive revision of our pesticide control laws @ yrevisionwhich still awaits final. congressional action. Also essential to a,sound national pesticide. policy are measures to ensure that agriculturalworkers are protected from adverse exposures to these chemicals.

:

-- Lam directing the Departments.of Labor and Health, Education,and Welfare to develop standards under the Occupational Safety andHealth Act to protect such workers from pesticide poisoning.

more.



9

Noise Control Research

Scientific findings increasingly confirm what few urban dwellers
or industrial.workers need to be told that excessive noise can
constitute a significant threat to human well-being. The Congress
already has before it a comprehensive noise control bill, which 1

proposed a year ago, <A quieter environment cannot simply be
legislated into being. We shall also need to develop better methods
to achieve our goal,

:

-- Ihave requested in my 1973 budget a $23 million increase in
research and development funds for reducing noise from airplanes,
I have also requested new funds for research and development for
reducing street traffic noise.

:

Research on Air: Pollution Effects and Measurement

Our pollution control efforts are based largely on the establishment
of enforceable standards of environmental quality, Initial standards
have often beenbased on incomplete knowledge because the necessary
information has not been available, Also, the lack of adequate instru-
ments to measure pollution and of models of how pollutants are
dispersed has made it difficult to know exactly how much pollution
must be controlled in a particular area, We need added research and
development to make more precise judgments of what standards should
be set and how we can most practically achieve our goals.

-- I Ihave requested in my 1973 budget an additional $12 million
to increase research on the health effects of air pollution, on regional
air pollution modeling, and on improved pollution instrumentation and
measurement.

ey

IMPROVING LAND USE

In recent years we have come to view our land as a limited and

be more of it over the horizon -- more woodlands and shorelands and
wetlands -- if we neglect or overdevelop the land in view. A new
maturity is giving rise to a land ethic which recognizes that improper
land use affects the public interest and limits the choices that we and
our descendants will have.

irreplaceable resource, No longer do we imagine that there will always

:

Now we must equip our institutions to carry out the responsibility
implicit in this new outlook, We must create the administrative and.

regulatory mechanisms necessary to assure wise land use and to
stop haphazard, wasteful, or environmentally damaging development.
Some States are:moving ahead on their own to develop stronger land-use
institutions and controls. Federal programs can and should reinforce
this encouraging trend.

National Land Use Policy Act

The National Land Use Policy Act, :which I proposed to the Congress
last year, would provide Federal assistance to encourage the States, in

cooperation with local governments, to protect lands which are of
critical environmental concern and to control major development. While
not yet enacted, this measure has been the subject of much useful debate.

more
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-- I propose amendments to this pending National Land Use
Policy legislation which would require States to control the siting of
major transportation facilities, and impose sanctions on any State
which does not establish an adequate land use program.

Under these amendments, the State programs established pursuant
to the act would not only have to embody methods for controlling land use
around key growth-inducing developrnents such as highways, airports,
and recreational facilities; the States would also have to provide controls
over the actual siting of the major highways and airports themselves. The
change recognizes the fact that these initial siting decisions, once made,
can often trigger runaway growth and adverse environmental effects.

The amendments would further provide that any State that had not
established an acceptable land use program by 1975 would be subject to
annual reductions of certain Federal funds. Seven percent of the funds
allocated under sections of the Airport and Airways Development Act,
the Federal-Aid Highway Acts including the Highway Trust Fund, and the
Land and Water Conservation Fund, would be withheld in the first year.
An additional 7 percent would be withheld for each additional year that a
State was without an approved land use program. Money thus withheld
from noncomplying States would be allocated among States which did have
acceptable programs.

These strong new amendments are necessary in view of the significant
effect that Federal programs, particularly transportation programs, have
upon land use decisions,

Protection of Wetlands

The Nation's coastal and estuarine wetlands are vital to the survival
of a wide variety of fish and wildlife; they have an important function in
controlling floods and tidal forces; and they contain some of the most
beautiful areas left on this continent. These same lands, however, are
often some of the most sought-after for development. Asa consequence,
wetland acreage has been declining as more and more areas are drained
and filled for residential, commercial, and industrial projects.

My National Land Use Policy Act would direct State attention to these
important areas by defining wetlands among the "environmentally critical
areas'! which it singles out for special protection, and by giving priorityattention to the coastal zones. I propose to supplement these safeguardswith new economic disincentives to further discourage unnecessary wetlands
development,

~~ I propose legislation to limit applicability of certain Federal
tax benefits when development occurs in coastal wetlands.

Management of Public Lands

During 1971, I acted to strengthen the environmental require-ments relating to management and use of the Nation's vast acreageof federally-owned public lands administered bythe Department ofthe Interior, I proposed new legislation to establish an overall

more
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ag which we haveManagement policy these public :for :

been without for far too iong. This legislation, stil pendiag before the
Congress, would direct the Secretary of the Interior to manage our
public lands in a manner that would protect their environmental quality

declares the retention to the public lands to be in the national interest
except where disposal of particular tracts would lead to a significant
improvement in their management, or where the disposal would serve
important public objectives which cannot be achieved on non-public lands.

for present and future generations. The policy which it would establish

PROTECTING OUR NATURAL HERITAGE

Wild places and wild things constitute a treasure to be cherished

man confirm their value to society, More importantly perhaps, the
wonder, beauty, and elemental force in which the least of them share
suggest a higher right to exist -- not granted them by man and not.his
to take away. In environmental policy as anywhere else we cannot deal
in absolutes. Yet we can at least give considerations like these more
relative weight in the seventies, and become a more civilized people in
a healthier land because of it.

and protected for all time. The pleasure and refreshment which they give

Predator Control

Americans today set high value on the preservation of wildlife.
The old notion that "the only good predator is a dead one" is no longer
acceptable as we understand that even the animals and birds which
sometimes prey on domesticated animals have their own value in-
maintaining the balance of nature.

The widespread use of highly toxic poisons to kill coyotes and
other predatory animals and birds is a practice which has been a source
of increasing concern to the American public and to theFederal officials
responsible for the public lands.

Last year the Council on Environmental Quality and the Department
of the Interior appointed an Advisory Committee on Predator Control
to study the entire question of predator and related animal control
activities. The Committee found that persistent poisons have been

applied to range and forest lands without adequate knowledge of their
effects on the ecology or their utility in preventing losses to livestock.
The large-scale use of poisons for control of predators and field
rodents has resulted in unintended losses of other animals and in other
harmful effects on natural ecosystems. The Committee concluded that

necessary control of coyotes and other predators can be accomplished
by methods other than poisons.

Certainly, predators can represent a threat to sheep and some

other domesticated animals. But we must use more selective methods
of control that will preserve ecological values while continuing to pro-
tect livestock.

more.
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Lam today issuing an Fe Order barring the use of
poisons for predator control on all public lands. (Exceptions will
be made onl for emergency situations, )- also propose legisla-
tion to shift the emphasis of the current direct Federal predator
control program to one of research and technical and financial
assistance to the States to help them control predator populations
by means other than poisons,

Endangered Species

It has only been in recent years that efforts have been under-
taken to list and protect those species of animals whose continued
existence is in jeopardy, Starting with our national symbol, the
bald eagle, we have expandéd our concern over the extinction of
these animals to include the present list of over 100, We have

. already found, however, that even the most recent act to protect
endangered species, which dates only from 1969, simply does
not provide the kind of management tools needed to act early
enough to save a vanishing species, In particular, existing laws
do not generally allow the Federal Government to control shooting,
trapping, or other taking of endangered species.

- I propose legislation to provide for early identification and
protection of endangered species, My new proposal would make
the taking of endangered species a Federal offense for the first
time, and would permit protective measures to be undertaken
before a species is so depleted that regeneration is difficult or
impossible.

Migratory Species
The protection of migratory species, besides preservingwildlife values, exemplifies cooperative environmental effort

among the United States, Canada, and Mexico. By treaties
entered into among these three countries, migratory species
ment between the United States and Mexico,
are protected. New species may be added by common agree-

- I have authorized the Secretary of State, in conjunction with
the Secretary of the Interior, to seek the agreement of the Mexican
Government to add 33 new families of birds to the protected list.
"Ineluded in the proposal are eagles, hawks, falcons, owls,

hopeful that treaty protection can be accorded them in the near
future,

species of wading birds. I amand many of the most attractive

Big Cypregs National Fresh Water Reserve
After careful review of the environmental significance of the

Big Cypress Swamp in Florida, particularly of the need for waterfrom this source to maintain the unique ecology of EvergladesNational Park, I directed the Secretary of the Interior to preparelegislation to create the Big Cypress National Fresh Water Reserve,This legislation, which has now been submitted to the Congress,will empower the Federal Government to acquire the requisite legalinterest in 547, 000 acres of Big Cypress.

more
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New Parklands at the Gateways
The need to provide breathing space and recreational opportunitiesin our major urban centers is a major concern of this Administration.

Two of the Nation's major gateways to the world -- New York City and
San Francisco -- have land nearby with exceptional scenic and recre-
ational potential, and we are moving to make that land available for
people to enjoy. In May of 1971, I proposed legislation to authorize
a Gateway National Recreation Area in New York and New Jersey. This
proposal would open to a metropolitan region of more than 14 million
people a National Recreation Area offering more than 23, 000 acres of
prime beaches, wildlife preserves, and historical attractions including
the nation's oldest operating lighthouse.

On our western shore lies another area uniquely appropriate for
making recreational and scenic values more accessible to a metropolitan
community.

-- Lpropose legislation to establish a Golden Gate National
Recreation Area in and around San Francisco Bay.

This proposal would encompass a number of existing parks, military
reservations, and private lands to provide a full range of recreation ex-
periences, Altogether, the area would encompass some 24, 000 acres of
fine beaches, rugged coasts, and readily accessible urban parklands,
extending approximately 30 miles along some of America's most beautiful
coastline north and south of Golden Gate Bridge. Angel and Alcatraz
Islands in the bay would be within the boundaries of the National Recreation
Area, as would a number of properties on the mainland which afford magni-
ficent views of the city, the bay and the ocean. As part of this plan, I Iam
directing that the Presidio at San Francisco be opened for dual military
and civilian recreational uses.

Converting Federal Properties to Parks

Among the most important legacies that we can pass on to future
generations is an endowment of parklands and recreational areas that
will enrich leisure opportunities and make the beauties of the earth and
sea accessible to all Americans. This is the object of our Legacy of
Parks program, initiated early in 1971. As part of this program, I
directed the Property Review Board to give priority to potential park
and recreation areas in its search for alternative uses of federally held
real property. The results of this search so far have been most en-
couraging. To the original 40 properties which I announced in my
Environmental Message of 1971 as being well suited for park uee, another
111 prospects have been added. And from this total of 151 prospective
parklands, 63 have already been made available.

-- Today I am pleased to announce that 20 more parcels of
Federal land are being made available for park and recreation use.

more



14

These newest parcels, combined with those which have been
announced over the past year, provide a legacy of 83 parklands forAmerica which comprise 14,585 acres in 31 States and Puerto Rico.
The estimated fair market value of these properties is over $56 million.
In the months to come, every effort will be made to extend this legacyto all 50 States. The green spaces and natural retreats that we tend
to take for granted will not be available for future enjoyment unlesswe act now to develop and protect them.

Wilderness Areas
One of the first environmental goals I set when I took office was

to stimulate the program to identify and recommend to the Congressnew wilderness areas. Although this program was behind schedule at
that time, I am now able to report that the September, 1974 statutorydeadline for reviews can and will be met.

The Wilderness Act of 1964 set aside 54 areas, consisting of about9.1 million acres, as the nucleus of our wilderness system. Since then,33 new areas totalling almost 1.2 miLlion acres within National Forests,National Parks, and National Wildlife Refuges have been added to the
system. Thirty-one areas totalling about 3.6 million acres, including18 areas submitted by this Administration, have been proposed to the
Congress but have yet to be acted upon. One of the most significantelements of this process has been the active participation by the publicin all of its phases. At public wilderness hearings held all across the
country, fair consideration has been given to all interests and points ofview, with constructive citizen involvement in the decision-makingprocess,
-- lam today proposing 18 new wilderness areas which, when

approved, will add another 1.3 million acres to the wilderness system,

Eight of these proposals are within the National Forests, four arewithin National Park areas, and six are in National Wildlife Refuges.
Of these areas, 1.2 million acres would be in the following NationalForests: Blue Range National Forest, Arizona and New Mexico; AguaTibia and Emigrant National Forests, California; Eagles Nest andWeminuche National Forests, Colorado; Mission Mountains NationalForest, Montana; Aldo Leopold National Forest, New Mexico; andGlacier National Forest, Wyoming.
A total of 40,000 acres would be in our National Park system inthe following locations: Black Canyon of the Gunnison National Monument,Colorado; Bryce Canyon National Park, Utah; Chiricahua NationalMonument, Arizona; Colorado National Monument, Colorado.
Finally, a total of 87,000 acres would be in areas administeredby the Fish and Wildlife Services of the Department of the Interior inthe following locations: St. Marks, National Wildlife Refuge, Florida;Wolf Island, National Wildlife Refuge, Georgia; Moosehorn NationalWildlife Refuge, Maine; San Juan Islands, National Wildlife Refuge,Washington; Cape Romain, National Wildlife Refuge, South Carolina;and Bosque del Apache, National Wildlife Refuge, New Mexico.

more
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The year 1972 can bring some of the greatest accomplishment in
wilderness preservation since passage of the Wilderness Act in 1964,
Iurge prompt and systematic consideration by the Congress of these
18 new proposals and of the 31 currently pending before it. Approval
of all 49 additions would bring the system up to a total of over 15 million
acres,

Unfortunately, few of these wilderness areas are within easy access
of the most populous areas of the United States. The major purpose of
my Legacy of Parks program is to bring recreation opportunities closer
to the people, and while wilderness is only one such opportunity, it is
a very important one. A few of the areas proposed today or previously
are in the eastern sections of the country, but the great majority of
wilderness areas are found in the West. This of course is where most
of our pristine wild areas are, Buta greater effort can still be made
to see that wilderness recreation values are preserved to the maximum
extent possible, in the regions where most of our people live.

Iam therefore directing the Secretaries of Agriculture and
the Interior to accelerate the indentification of areas in the Eastern
United States having wilderness potential.

Off-road Vehicles

A recent study by the Department of the Interior estimated that
Americans own more than 5 million off-road recreational vehicles --
motorcycles, minibikes, trail bikes, snowmobiles, dune-buggies,
all-terrain vehicles, and others. The use of these vehicles is dramatically
on the increase: data show a three-fold growth between 1967 and 1971 alone.

As the number of off-road vehicles has increased, so has their use
Increasingly,on public lands, Too often the land has suffered as a result.

Federal recreational lands have become the focus of conflict between
the newer motorized recreationist and the traditional hiker, camper, and
horseback rider, In the past, Federal land-management agencies have
used widely varying approaches to dealing with this conflict. The time
has come for a unified Federal policy toward use of off-road vehicles on
Federal lands,

I have todav signed an Executive Order directing the Secretaries
of Agriculture, Interior, Army and the Board of Directors of the
Tennessee Valley Authority to develop regulations providing for control
over the use of off-road vehicles on Federal lands.

They will designate areas of use and non-use, specify operating
conditions that will be necessary to minimize damage to the natural
resources of the Federal lands, and ensure compatibility with other
recreational uses, taking into account noise and other factors.

more
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EXPANDING INTERNATIONAL COOPERATION
ovaa THE ENVIRONMENT

We are how-growing accustomed to the view of our! planet as:
seen from space -- a blue and brown disk shrouded in white patches
of clouds. But we do not ponder often enough the striking lesson it

*. teaches about the global reach of environmental imperatives. No
matter what else.divides men and: nations, this perspective should'
unite them. : We must -work-harder to foster such world environ-:
mental consciousness and shared purpose. ~ :

To 'cope with environmental questions that are truly inter-
national, we and other nations look to the first wortd conference
of governments ever convened on this subject: the United Nations
Conference on the Human Environment, to be held in Stockholm,
Sweden,: in June'of this year. This should:be a' seminal event of the
international community's attempt to: cope with these serious, shared
problems of global concern that transcend political differences.

:: ON :

:

: :

United Nations Conference on the Human Environment

But efforts to improve the global environment cannot go forward
without the means to act. :

United Nations Fund for the Environment be established, with an
initial funding goal of $100 million for the first 5 years.

This Fundwould help to stmlate international
interationa

cooperation
on environmental problems by supporting a centralized coordination
point for United Nations activities in this field. It would also helpto bring new resources to'bear on the increasing number of world--
wide problems through activities: such as monitoring and cleanup

Congress that the United States commit itself to provide its fair
share of "ad on a matching basis over the first 5 years.

To help provide such.means, I propase. that a voluntary

:

of the oceans and atmosphere, : :

If such a Fund is established I will recommend to the

E : a

This level: of surnort would provide startup assistance under
mutually : srecd-upar serms.. Ag these programs get underway, it'
may well ke. that the.member. nations will decide that additional
resources are required. I invite other nations to join with us
this commitment to meaningful action.

: :

t +

Control.of Marine Pollution i

environmental problems. Iam gratified that in the past year the
Congress has taken several steps.to reduce the risks of oil spillson the high seas. However, further congressional action is neededto ratify several pending international conventions and to adoptimplementing legislation for the various oil- spill conventions whichhave been ratified or which are awaiting approval.

Ocean pollution is learly one of our major international

more
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Actioh én these recommAdattons will complete the first round of
international conventions dest with marine pollution, We have taken
initiatives in thtee forums to second and more

a 1973 Intergovernmental Maritivte Consultative Otgdftitation (IMCO)
Cofiferehte to draft a conventionbarring intentional @isharges to the

Law of the Sea Conference scheduled for 1973, we are examining measures
to control the effects of developing undersea resources. And, in the pre-
paratory work for the 1972 U.N, Conference on the Human Environment,
progress has been made on an agreement to regulate the ocean dumpingof shore-generated wastes, and further work in this area has been
scheduled by IMCO. We hope to conclude conventions in each of these
areas by 1973.

PROTECTING CHILDREN FROM LEAD-BASED PAINT

To many Americans, "environment! means the city streets where
they live and work, It is here that a localized but acutely dangerous type
of "pollutionit has appeared and stirred mounting public concern,

The victims are children: the hazard is lead-based paint. Such
paint was applied to the walls of moet dwellings prior to the 1950's.
When the paint chips and peels from the walls in dilapidated housing,it is frequently eaten by small children. This sometimes results in
lead poisoning which can cause permanent mental retardation and
occasionally death. We can and must prevent unnecessary loss of
life and health from this hazard, which particularly afflicts the poorest
segments of our population,

To help meet the lead-paint threat, the Department of Health,
Education, and Welfare will administer grants and technical assistance
to initiate programs in over 50 communities to test children in high-risk
areas for lead concentrations, In addition, these programs will support
the development of community organization and public education to in-
crease public awareness of thie hazard. Other Federal agencies are
also active in the effort to combat lead-based paint poisoning. ACTION
and other volunteers will assist city governments to help alleviate lead
paint hazards. The Department of Housing and Urban Development is
engaged in research and other actions to detect and eliminate this hazard.

The resources of the private sector should also be utilized through
local laws requiring owners of housing wherever possible to control lead
paint hazards.

ENLISTING THE YOUNG

The starting point of environmental quality is in the hearts and minds
of the people. Unless the people have a deep commitment to the new
values and a clear understanding of the new problems, all our laws and

enthusiasm about the gnvironment spreads with a healthy contagion: their
energy itt its behalf ken be an impressive force for good.

more

sophisticated round of agreements in this arex. Wé6 dre preparing for

sea of oll and hazardous substances from ships, In conjunction with the

programe and spending will avail little. The young, quick to commit and
z Theirused to learning, are ining the changed outlook fastest of all.
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cooperation witthe U. S. Office of Education, wards national ae

ig program, directed by the Environmental Protection Agency, sn ,

tiate the Environmental Merit,
ar

Awards Program
7

2

Tecognitign {6 successfu} student projects leading to enyironmental,.
understanding improvement, Qualifications for the awards are
determinéd by a local board congisting of secondary school students,
faculty, and representatives of the local community. Already,more than 2,000 high schools, representing all fifty, States,.have |

- ,.

or

registered in the program.

The Department of Agriculture's expanded field scout demonstration
program, designed to permit more effectave pest control with less
reliance on chemical pesticides, will employ thousands of high school

and tobacco'pests in the coming growing season,, and the programwill be expanded to other crops in future years.

d college students. These young people will be scouting cotton

t

The Environmental Pr tection Agency has rece initiatedits Seattle regional office a pilot program using young people toassist the agency in many of its important tasks, including monitoring.

are providing the manpower. If this inifiai pprogramproves,successful, the cohcept will be
expanded.

put

{

ACTION volunteers and young people employed through the

Young people working on dnvironmental projects, learning theskills necessary for a particular job, must also understand how theirwork relates to the environmental process as a whole. Thus, aul

relation to his environment. In my first Environmental QualityReport, I &t#essed the importahce of improving the Nation's"environmental lateracy.!' This godl remains as asever, and our progress toward it must continue.

though, that at 1s not a destiny of fear,' but of'promise. As I stated lastAugust in fransmutting the Second Annual Report of the Council onEnvironmental Quality: "The werk of environmental improvemént18 a task for all our people... "The achievement of that goalchallenge the creativity of.our science and technology, the enterprise
+

and adaptability of our industry, the responsiveness and sense ofbalance of our political and legal institutions, and the resourcefulnessand the capacity of this ceuntry to honor those human values upon whichthe quality of our national life must ultimately depend."" We shallrise to the challenge of solving our environmental problems byenlisting the creative energy of all of our citizens in a cause trulyworthy of the best that each can bring to it.

more

f

identify monitoring needs. ACTION and the youth tramming programs
EPA 18 working with State and técal pollution control agencies to

4
+ 7

Neighborhood Youth Corps, Job Corps,programs wll work with city governments to help allev ate lead
d college wor - study

paint hazards
they give urgently needed aid 'te inner-city families.

gaining experience in communhity health work as
ee

rsy é

f

of these actiyities rust be supplemented by continued improvement zin many aspects of environmental education to help all of our
1citizens both your and old develop a better awareness of man's

anONE DESTINY
Our destiny 18 one this thé environmental awakeningAmerica in these first years of the seventies. Let us forget,

Has taught

will
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While we share our environmental problems with all the people
of the world, our industrial might, which has made us the leader among
nations in terms of material well-being, also gives us the responsibility
of dealing with environmental problems first among the nations. We
can be proud that our solutions and our performance will become the
measure for others climbing the ladder of aspirations and difficulties;
we can set our sights on a standard that will lift their expectations of
what man can do.

patience.
The pursuit of environmental quality will require courage and

Problems that have been building over many years will not
yield to facile solutions. But I do not doubt that Americans have the
wit and the will to win -- to fulfill our brightest vision of what the
future can be.

RICHARD NIXON

THE WHITE HOUSE,

February 8, 1972.

# # # # #



Report to Dr. Edward E. David, Jr.
Science Adviser to the President

An ad hoc Panel to Advise on National Water Quality Problems4

Summary Report

On December 6, 1971, a panel of water quality specialists met at
the invitation of Dr. Edward E. David, Jr., to consider nationalwater quality problems with particular reference to the water qualitylegislation presently before the Congress. The panel believes that
at this time there is a need to reaffirm rational water quality planningand management based on stream quality as the measure of the program,with economic justification for the actions necessary to achieve and
maintain a high standard of water quality. Accordingly, the panelis firmly of the view that water quality standards and not effluent
standards should be the guiding principle for water quality management.In calculating the costs and benefits of water quality management, all
economic, social and environmental costs and benefits from both
the short-term and long-term points of view must be recognized.
The legislation now before Congress contains a number of importantand fundamental policy changes, some of which are -

1. The national goal that ''the discharge of pollutants into the
navigable waters be eliminated'. The panetis firmly of the

Opinion that such a goal may be unrealistic as well as being unde-
sirable from both the economic and environmental points of view.
The panel recommends the abandonment of this goal. Instead, it
suggests that water pollution should properly be defined as a man-
made alteration of the physical, biological, chemical or radiologicalcharacteristics of a body of water so as to inhibit or otherwise affect
the suitability of that water for a specified purpose. Thus pollution
represents inappropriate use of our waters and it is this kind of use
that should be prohibited.

2. The use of a national uniform water quality standard. Part of the
strength of the United States is in its diversity. An appropriate water
quality strategy will recognize this and reinforce it rather than impose
a uniform treatment standard which in some cases is uneconomical
and in limited circumstances even counterproductive. Both the
standard of uniform secondary waste treatment for communities and
technology based standards are examples of arbitrary decisions that
can impede an optimal strategy of water quality management.
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3. Increased Federal role in cost-sharing for treatment plantconstruction. The panel believes it is unwise to modify thecurrent federal formula of supporting 30 to 55 percent of capitalcosts. The reasons for this include the unsettling effect changeshave on the states and local governments, and as it encouragesprocrastination while awaiting more favorable future support,
4. Erosion of the states' role in water quality management. The
panel views with concern the fact that the role of the states in the
regulation of water quality control is further attenuated by the
proposed legislation. It believes there are appropriate organi-zational roles in water quality management for the states and otherlevels of government, as well as for effective multipurpose regionalinstitutions with responsibility for water quality management.
The panel is firmly of the opinion that the water quality legislation
presently before the Congress, S.2770 and H.R. 11895, is un-
satisfactory as it stands and recommends that it be modified substantially.
The full report of the panel is attached.



Report to Dr. Edward E. David, Jr.
Science Adviser to the President

An ad hoc Panel to Advise on National Water Quality Problems

On December 6, 1971, a panel of water quality specialists
as listed on the attachment, met at your invitation to consider

national water quality problems with particular reference to the

legislation presently before the Congress, namely S. 2770 and

H.R. 11895, the "Federal Water Pollution Control Act Amend-

ments of 1971,"

This panel shares the concern expressed by the Senate in not

being satisfied with the progress that has been made to date in

keeping pace with the water quality problems of this Nation. It

believes that the progress up to now has been less than what it might

have been, partly on account of insufficient funds having been

allocated for this purpose and partly because the money spent has

been poorly allocated. In addition, the institutions responsible for

water quality control have often been inappropriately empowered

and hence have not commonly considered the broad range of alternatives

possible in water quality management but rather have emphasized

the construction of waste treatment plants.

At this time there is a need to reaffirm rational water quality

planning and management based on stream quality as the measure
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of the program, with economic justification for the actions necessary
to achieve and maintain a high standard of water quality.

The valid objective of a water quality program is high quality for

the Nation's waters. Accordingly, the panel is firmly of the view that

water quality standards and not effluent standards should be the

guiding principle for water quality management. The panel rejects
the contention that stream quality and effluent characteristics cannot

be satisfactory related. Effluent standards will follow from

appropriate water quality standards and their derivation from

suitable water quality standards can be accomplished with sufficient

accuracy for these purposes.

The Nation's water quality standards should recognize all

appropriate purposes for which waters are used or could be used.

These uses must include due recognition of ecological and environ-

mental concerns. Rational moves toward the attainment of these stream

water quality standards must be dictated by raa comprehensive examination

of the costs and benefits of achieving them. Any calculation of costs

and benefits must recognize all economic, social and environmental

aspects of the costs and benefits from both the short-term and long-term

points of view.

Management of water quality in this Nation with its diverse

problems and conditions has an essential need for basic data plus
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a continuing, multi-faceted research effort to refine and extend

our ability to deal with our problems. It is gratifying to note

that the Congress is aware of the need for more information

and research to strengthen our water quality management.

The legislation now before Congress raises a number of

important and fundamental policy issues, some of which are discussed

below:

1, The national goal that "'the discharge of pollutants into
the navigable waters be eliminated'!

The panel is firmly of the opinion that such a goal

may be unrealistic as well as being undesirable. The

economical costs in achieving or even approaching such

a goal would be very great and would almost certainly in

every instance constitute a misallocation of the Nation's

resources. Removing the last few percent of the common

pollutants from water is usually extremely costly, yet the

added benefits due to the extra treatment to bring waste

waters to high purity in that regard are extremely questionable

in all cases. This is especially true when nonpoint sources

of pollution make such extreme measures ineffective in

the overall control of stream quality.

The panel recommends the abandonment of this goal. In-

stead, it is suggested that water pollution should properly be

defined as raa man-made alteration of the physical, biological,

chemical or radiological characteristics of a body of water
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so as to inhibit or otherwise affect the suitability of that

water for a specified purpose. Another way of expressing
this concept is that pollution is a result of ''too much"! of

something. What is too much can be scientifically
assessed with respect to the various uses and stated in

the form of water quality criteria.

Whether or not a particular criterion should be

applied to a waterway is dependent on a choice of what

uses are to be protected. When this choice is made, the

criterion becomes a standard and the standard represents

the ability of the water to be used for the specified

purposes. Thus pollution represents inappropriate use

of our waters and it is this kind of use that should be

prohibited.

Our society produces wastes, and rational management of them

requires that we dispose of them in the most acceptable

manner, Prohibiting all waste products from going into

our Nation's waters means that these wastes unless they

can be used constructively must inevitably be placed on the

land or in the air. If in fact we stop all our wastes from

going into the water, then the cost in both money and energy
as well as in land and air pollution will be considerable.

Raising water quality standards will increase sludge
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disposal problems. Thus our water quality goals should

not be set arbitrarly but so that we always make a net

gain in environmental quality.

Legislating a goal of having no discharge of pollutants

into our waters is an uneconomical, undesirable and

possibly unattainable objective. A more appropriate

goal is to legislate against polluting discharges as defined

herein.

The Use of a national uniform water quality standard

Present legislative proposals impose a minimum

standard for all communities of secondary waste treat-

ment by 1976. While such a level of waste treatment

may well be the desirable standard for most communities,

a blanket uniform standard is inconsistent with the principle

2.

that our water quality management strategy should be

tailored to individual water quality conditions and goals

throughout the country. Part of the strength of the United

States is in its diversity. An appropriate water quality

strategy will recognize this and reinforce it rather than

impose a uniform treatment standard which in some cases

is uneconomical and in limited circumstances even counter-

productive. By the same token, the principle of diversity

and flexibility will commend a broad range of techniques

for achieving particular water quality standards. These
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techniques may include effluent controls, effluent taxes,

permit systems, regional collection and treatment

facilities and a variety of technical, economical and

social devices, combinations of which may be best for

particular situations.

While uniform secondary treatment for all communities

may be a desirable target, it must be recognized that

this level of treatment may not always be needed when

it will cause unnecessary expenditure, when, for instance,

suitable ocean disposal is available. In those cases

where secondary treatment would deny potentially useful

nutrients to the receiving waters, sewage should be

treated to the extent that it has no deleterious effect on

aquatic life. Whether or not secondary treatment is

indicated in such circumstances must be determined on a

case-by-case basis.

Attempting to attain uniform secondary treatment of

municipal effluents in the next five years could also have

other undesirable effects. It will seriously strain the

ability of the construction industry to build the necessary

facilities in the requisite time which could lead to inflation
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d

of costs and probably delays in the completion of works --

some of which may be badly needed. Such a crash

program would likewise further extend the present

shortage of waste treatment plant operators who are

essential to the satisfactory performance of treatment

works,

A strategy of water quality management based on

stream standards will commonly but not always involve

secondary treatment or better for municipal wastes.

Arbitrary standards, which the requirement for

secondary waste treatment is one, are no longer necessary.

Today planning methods can determine economical solutions

for regulating the quality of our streams tailored to the

t

water quality goals and local conditions that prevail.

Similarly imposing treatment standards related to the

state of technology is laudable in intent but is rigid and

arbitrary. Pursuit of properly defined water quality

goals using economical methods will of necessity use

the best practical technology, as appropriate. To legislate

an arbitrary but moving standard based on technology
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imposes an unnecessary and possibly detrimental con-

straint on an optimal management strategy for our

water quality.

Increased Federal role in cost-sharing for treatment
plant construction

The panel is agreed that to date generally unsatisfactory

progress has been made in improving the quality of our

streams, lakes and estuaries. The question is what

changes, if any, in laws and regulations will improve

the rate of progress.

First, the panel believes there is undue impatience

4

3.

with progress to date through lack of appreciation for

the complexity of the problems and the time and the money

required to reverse the polluting policies of the past.

Secondly, by frequent changes of the rules, by promising

goals which cannot be met or by demanding compliance

which is unreasonable or impossible, there is a grave

danger of losing credibility of the entire effort.

The panel believes it is unwise to modify the current federal

formula of supporting 30 to 55 percent of capital costs,

particularly because of the unsettling effect changes have
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on the states and local governments, and as it

encourages procrastination while awaiting more

favorable future support.

The federal program of fiscal support for treatment

plant construction is heavily capital-oriented and has

added to local government budgets considerable capital
and operating burdens which compete with other programs

dependent on local support, such as education. In

addition, it has been shown that for lower income

groups, the added local tax impact of water quality

programs is disproportionate to the benefits derived.

To avoid compounding this problem, some form of con-

tinuing federal aid to local governments should be

examined as a means of ensuring that inequities are

minimized in paying for better water quality.

To encourage the best operation of treatment facilities,
the panel would like to see innovation in the area of

incentives with reward for superior performance of treat-

ment plants.

The panel explicitly opposes a program of widespread

support for construction to deal with the problem of

combined sewers. Due to present lack of precise
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knowledge of the importance of this problem and the

alternative strategies for its solution, more research

and demonstration is needed to define the problem

and its optimum solutions.

Erosion of the states' role in water quality management

If there were lingering doubts about the primacy of

the states in the regulation of water quality control,

these doubts are effectively erased by the current proposed

federal legislation. The states are told what they must

do and when it is to be accomplished, and within a frame-

work of constraints that are ill-defined. In brief, the

4,

states have been relegated to the role of regulatory puppets.

The Congress should now recognize the fact that the

federal attenuation of states' prerogatives in the development

of water quality control programs calls for a redefinition

of states' roles and duties in advancing national aspirations.

Precisely what these duties should be is a topic deserving

of more consideration than this panel has been able to

devote. However, one thing is clear under the proposed
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legislation, namely that the states would no longer be

permitted to exercise primary responsibility in water

quality management, That responsibility even in such

details as determining the appropriateness of user-charges
is reserved to the Federal Administrator.

In any definition of appropriate organizational roles in

water quality management, the panel believes there is

a need to develop effective regional approaches including

multipurpose institutions with responsibilities for functions

including water quality management (planning and implementation.

Recommendations

The panel is firmly of the opinion that the legislation before the

Congress, S.2770 and H.R. 11895, the ''Federal Water Pollution

Control Act Amendments of 1971,'' should be modified to embody

substantive changes. The changes the panel considers essential

in any revised legislation would recognize--

That management of the quality of the Nation's waters(1)

should proceed from water quality standards based on
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environmental criteria or potential use and a broad,
flexible strategy of controlling effluents based on those

water quality standards.

(2) That our water quality management program needs

to maintain credibility of effort. It should embody

a consistency of approach for instance in the federal

participation in treatment works financing and not be

changed for the sake of change. It should not embody

an unattainable goal such as no discharge of pollutants

nor should it impose undue burdens on the various

levels of government or on other parts of our total

environment.

(3) That our water quality management should be based

on standards which are logically related to our

water quality goals rather than on arbitrary standards.

Arbitrary standards are unnecessary, may be undesirable

and will lead to a less than optimal allocation of this

Nation's resources.



- 13 -

(4) That there is an appropriate role to be played by

local and state governments as well as by effective

regional institutions with functions including water

quality management. Federal actions should be

supportive of these roles rather than preempting
decisions which rightfully belong at other levels.

William C. Ackermann
Chairman of the ad hoc Panel

Attachment:
list of panel members
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President's Science Advisory Committee

Statement on Water Pollution Control

The President's Science Advisory Committee applauds the fact

that Congress is presently striving to improve the nation's water pollution

control strategy. This Committee also is concerned that to date too little

has been achieved in dealing with this ever-mounting problem.

Present federal water quality policy is based on several principles

that appear to us sound. These principles should be strengthened and

pursued vigorously, not abandoned. We must maintain and raise the

capacity of our streams to support a desirable, balanced pattern of uses.

This requires reducing in many places the discharge of pollutants into

navigable streams, but with a proper sense of specific quality goals for

specific streams. The present framework for setting stream quality

standardc and

for discharges are consonant with those national goals.

In its frustration with past performance, the nation should be

wary of discarding present approaches in favor of an impractical

alternative at the expense of sounder approaches. Living inevitably

generates wastes, part of which must ultimately be discharged into the

water, the land, or the air. Therefore, our water quality problem must

be dealt with as part of an over-all waste management problem involving

air pollution and solid waste management as well. This calls for a

systems approach in developing a national strategy.
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Many experts in the water pollution control field have expressed
doubts about the wisdom of proceeding as outlined in S. 2770. There-

fore, PSAC strongly urges that the Congress give consideration to

asking an independent group of scientists and engineers such as the

National Academy of Sciences to examine the social, economic, and

environmental implications of setting a 1985 goal of no discharge of

pollutants to our waters, in relation to alternative approaches. With

the benefit of this study, Congress will be in a stronger position to set

our national course for an optimum water quality management strategy

for the years ahead.
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PRESIDENT'S SCIENCE ADVISORY COMMITTEE

Statement on the Nation's Water Pollution Control Strategy

Water is a resource, a resource used for recreation, for domestic

purposes, to support natural ecological systems, for irrigation, in

producing goods and services, and to absorb and recondition wastes.

As with other resources, the central problem of social policy is to

allocate water among its many competing potential uses in a balanced

and rational way. Managing water in the interests of a single use, and

discounting the problems that would arise from dispensing with its other

uses, is nota balanced and rational policy. Several of the provisions of

the proposed legislation appear to us to reflect such an imbalance.

Present federal water quality policy is based on several principles

that appear.to us sound. These principles should be strengthened and

pursued vigorously, not abandoned.

The national goal must be to achieve a better human use of all our

resources -- water, air, land and minerals, without managing one in

such a way as to impose undesirable burdens on others. As far as water

is concerned, we must maintain and raise the capacity of our streams to

support a desirable, balanced pattern of uses. This requires reducing in

many places the discharge of pollutants into navigable streams, but with

a proper sense of specific quality goals for specific streams. The

present framework for setting stream quality standards and supporting

the construction of improved treatment facilities for discharge are
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consonant with those national goals; a statement that ''the discharge

of pollutants into the navigable waters be eliminated" is not.

To achieve a desirable water quality policy, we need to maintain

and strengthen our system for moving toward regional water quality

standards, based on regional patterns of water use [needs] and

regional priorities. A national uniform water quality standard would

impede, not accelerate, this progress.

Setting unrealistic standards for the nation's streams -- standards

that focus on an abstraction called "pure water" without careful considera-

tion of the uses to which water is put and the desirable quality standards

that are consistent with these uses -- impose unnecessary burdens on

our nation's resources and will not provide an effective route toward

improved water quality.

We recommend that the proposed legislation be modified substantially

so as to reflect the goals of balanced resource use outlined here and to

eliminate provisions, like those mentioned specifically here, that ignore

the problems of balance.
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WASHINGTON -- The Federal Council for Science and Technology today con-

solidated a number of prime government weather modification efforts into seven key

projects as a prelude to actual operational weather control.

One now underway actually involves weather manipulation. It is a pilot project
of controlled cloud seeding by which the Bureau of Reclamation of the Department
of Interior is attempting to increase the snowpack in the Colorado River Basin for

five consecutive winters.

According to Dr. Edward E. David, Jr., Chairman of FCST and the Science

Adviser to the President, the seven projects should remove most of the remaining

technical barriers to operational snow diversion, rain-making, fog dispersion,

hurricane modification and lightning and hail modification.

The Colorado River pilot project's aim is to store water in the form of snow.

As the snow melts,towards the spring runoff, it then recharges the reservoirs

from which water is distributed for use throughout the Southwest and Mexico

during dry seasons,

Colorado River snowpack is concentrated at altitudes of 9,500 feet or more in

a 14,000 square mile area. This represents some 10 per cent of the entire river

basin. The pilot project involves only 2,200 miles of that total, part of the San Juan

Mountains of Colorado.

Planners anticipate a 15- to-20 per cent increase in water runoff in the test section.

If the same augmentation were achieved operationally over the entire snowpack

area, some 400,000 acre/feet of water (the amount required to cover an acre toa

depth of one foot) in an area where water costs up to $50 per acre/foot, it would not

only add to the water available but might even bring the price down,

- The estimated cost for producing cach additional acre foot is only $1.50, If the

entire 14,000 mile area of the upper Colorado were secded, as much as two million

acre/feet worth $100 million could be produced,
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The FCST report also called for a national repository of weather modification
data and additional support of basic research in the chemistry and physics of

weather modification which are not part of the seven key projects. Both, it felt,
would "insure the earliest practical availability of operational technology. "'

Weather modification is now being widely used abroad, particularly in the Soviet
Union for hail suppression. The FCST report contains a section on the state of

weather modification both here and abroad.

All seven projects are keyed to the fact that silver iodide crystals introduced
into clouds form nuclei around which ice crystals form, How and where they form
has important implications for cloud dynamics and the release of both heat and

moisture, the controlling factors in weather systems.
The six remaining projects are more research-oriented. Three of them are

being conducted with the National Oceanic and Atmospheric Administration as

lead agency. They are:

A hurricane modification project designed to work out seeding techniques which

will reduce the maximum wind velocities of these storms and development of mathe-

matical (computer) models of hurricanes;

A snow redistribution experiment designed to test the feasibility of directing
snowfall inland from -- rather than on -- the shores of Lake Erie, and;

-A cumulus cloud modification project to increase rainfall in specific areas.

The U.S. Forest Service of the Department of Agriculture will try to modify the

lightning potential of summer storms as a means of preventing forest fires.

The Federal Aviation Agency of the Department of Transportation will try to develop

a low cost fog dispersion system involving mathematical modeling and work out a basic

understanding of how and why fog forms. The National Science Foundation will attempt

to work out seeding technology and mathematical models aimed at reducing hail

damage without interfering with rainfall.

~-30--
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(The report is available from Capt. W.S. Betts, Interdepartmental Committee
for Atmospheric Sciences, Department of Commerce, Washington, D.C. 20230.)



SUMMARY

This report proposes a program for accelerating national progress in
management of our national resources through a structured attack on
a in defined objectives in the area of weather modification. National

special designation of National Pilot Project has been assigned for one

sed to accelerate progress in each Project.
National Projects represent an increased emphasis on about one-half of
existing weather modification research and development programs; some

perational readiness of any technological system which may affect the

The proposed National Projects and Lead Agencies are:

National Colorado River Basin Pilot Project - Bureau of Reclamation
To test the feasibility of applying a cloud seeding technology, proven
effective under certain conditions, to a river basin for a winter
season to augment the seasonal snowpack.

National Hurricane Modification Project - National Oceanic and
Atmospheric Administration

To develop a seeding technology and associated mathematical models to
reduce the maximum surface winds associated with hurricanes.

National Lightning Suppression Project - Forest Service
To develop a seeding technology and associated physical and mathematical
models to reduce the frequency of forest fire-starting lightning strokes
from cumulonimbus clouds.

National Cumulus Modification Project - National Oceanic and Atmospheric
Administration

To develop a seeding technology and associated mathematical models to
promote the growth of cumulus clouds in order to increase the resulting
natural rainfall in areas where needed,
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National Hail Research Experiment - National Science Foundation
To develop a seeding technology and associated mathematical models to re-
duce the incidence of damaging hailfall from cumulonimbus clouds without
adversely affecting the associated rainfall.



National Great Lakes Snow Redistribution Project - National Oceanic and
Atmospheric Administration

To develop a seeding technology and associated mathematical models to
spread the heavy snowfall of the Great Lakes coastal region farther
inland,

National Fog Modification Project - Federal Aviation Administration
To develop seeding or other technology and associated physical and
mathematical models to improve the visibility in warm and cold fogs
where and to the extent needed.

Each of the National Projects has a background of years of research,
That research has, within the last few years, developed a combination of
theoretical knowledge and associated mathematical models, supported in vary-
ing degrees by field experimental data, which indicates that technology now
available is nearly ready for regular application, Organization of these
activities into National Projects has been recommended, with specific multi-
agency participation, to insure the earliest practicable availability of
operational technology.

In addition to the special support for these National Projects a signif-
icant increase in relevant broad background research and development supportis also needed, This is particularly needed in the areas of nuclei counting
and efficiency assessment, the physical chemistry of nucleating agents, the
microphysics and dynamics of mesoscale systems, mesoscale mathematical models,
and cloud physics instrumentation, such as doppler radars and microwave
sensors,

Specific recommendations are also made to establish a national depository
for weather modification data, for the study of and effective handling of the
socioeconomic legal aspects for the future, and for certain ecological and
hydrological studies to be performed.

Chapter I,
INTRODUCTION

Bjerknes said, "Man is born, lives, and dies in an ocean of air called
the atmosphere,"

The extent and capricious behavior of this atmosphere has amazed and ter-rified man throughout the ages. Over the same period, it has sustained him
with water for his crops and with power to drive his mills. Today, under the
pressure of the social needs of a burgeoning population man can no longer be
content to bear stoically the extremes of nature's favors.

In the recent past, many individuals, groups, and organizations have con-
ducted weather modification studies and carried out field experiments, cooper-atively and otherwise, on behalf of their individual and often mutual interests,This storehouse of scientific knowledge, and the extensive field experience,derived over the past 25 years by the Federal, academic, and industrial con-
munity combined with newly developed instrumentation and computer technology,
must now be applied to the problem of managing effectively one significant
segment of our environment for the benefit of mankind,

Specifically, the areas considered for a coordinated national effort to
meet identified national needs are precipitation management for water resources,reduction of damage from hail, lightning, and violent storms, and improvementof visibility in fogs. Our state of knowledge and operational readiness is
greater in some areas than in others, However, some beneficial results can
now be achieved for our economy and ecology. Attainment of these goals will
provide man with more food, more power, and better environment and, above all,
more peace of mind. The estimated cost of such a program is small comparedto the cost of inaction,

The potential benefits to various segments of the national economy are
reasonably clear, although not quantitatively precise, It appears, however,that the ultimate application of the technologies under development to the
pertinent problems involved, could result in benefit-cost ratios of from 2 tol up to 20 to 1,

In areas served by the Colorado River Basin, where, for just the irriga-tion benefits, increased water is worth up to $50 per acre-foot per year, con-
servative indications are that the increase in runoff resulting from the planned
snowpack augmentation program will amount to over 2,000,000 acre-feet at a cost
of about $1,50 per acre-foot, The increased capability for power generation,alleviation of critical shortages, and salinity control are bonuses which would
insure the maintenance of very favorable benefit-cost ratios.

2- -3



Hurricane damage in the United States averages about $500 million per

year, Recent results of the joint hurricane modification Project Stormfury
indicate a potential for reducing maximum surface winds by 10 to 20%. Possi~
ble reductions in damage of considerably more than 10%, coupled with the

possibility of saving even a few lives, indicate a favorable return on funds

supporting Stormfury.

Over two million acres of forests in the western United States are burned

annually by lightning-caused fires. To the terrible although indeterminate
cost of such forest fires must be added the cost of about $100 million and some

human lives each year fighting the fires. Experiments conducted over a limited
area of the Northern Rocky Mountains by the Forest Service Project Skyfire
indicate a reduction of over 50 percent in fire-starting lightning activity.
These results promise a very favorable benefit-cost ratio for a lightning sup-

pression program.

In certain areas, such as the Florida peninsula, traversed by moisture-
laden but sometimes nonprecipitating or very lightly precipitating cumulus

clouds, increases in precipitation can be accomplished by cloud seeding. In

fall augmentation can be accomplished for less than $1 per acre-foot,

Annual hail damage in the United States amounts to over $300 million,
Where limited areas of certain crops have been "protected" by commercial seed-

ing operations, reported benefit-cost ratios have been generally better than

2 to 1. The development of adequate models of hail producing clouds and con~

sistently effective seeding techniques should insure effective protection of

high priority areas at very favorable benefit-cost ratios.

Annual snow removal costs for the City of Buffalo amount to about $2 mil-
lion. Potential amelioration of associated social and economic problems in a

costs calls for continuing experimental efforts to delineate the capability
and to develop an economically effective technology for reducing the intensity
of major lake-effect snowstorms,

Annual costs to the U. S. airlines of delays caused by warm fogs at air~

ports are over $75 million, Highway and harbor fogs add considerably to this

warm fog modification possibilities under investigation warrant intense efforts
to develop effective techniques which can approach the better than 5 to I

benefit-cost ratio for current cold fog modification activities at frequently
affected airports.

If a program for accelerating progress in weather modification is to be

successful, it must include careful consideration of the role that public
perception of weather modification will play. In the past, public acceptance

of weather modification has varied widely across the nation. Indifference,
amused tolerance, ardent advocacy, and violent opposition have all been
evidenced. In the same year that citizens of South Dakota asked for Federal
help in the institution of a statewide precipitation augmentation and hail
suppression program, citizens of some eastern states were reported to be
shooting at transient aircraft assumed to be conducting cloud seeding as part
of a suspected Federal "plot" to cause widespread drought.

Experience has shown that adverse public reaction can easily force changes
in the design or outright termination of weather modification projects, Accept~
ance of weather modification has been greatest where it has resulted from the
initiative of local interests with local benefits in mind, Weather modifica-
tion imposed from afar with no obvious local benefits, and perhaps even likely
disbenefits in the experimental area, can be expected to generate intense
public opposition.

Inclusion at an early time of respected local citizens in the planning and
monitoring of weather modification activities has proven effective both in
improving scheduling and design and in forestalling development of uninformed

during periods of local need such augmentation of rain can be worth
some areas opposition,

Workable systems for weather modification must include three considera-
tions, These are:

1. Scientific and engineering variables
2. Human variables
3, Resource variables

The program described in the following pages aims at accelerating progress
in weather modification with due regard for all three.

$50 per acre-foot and recent experiments indicate that in limited areas rain-

high population density area added to the reduction of excessive snow removal

figure in terms of transportation delays, damages, injuries and deaths. Thus
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Chapter II,
WHERE WE ARE NOW IN WEATHER MODIFICATION

Many people consider the terms weather modification and rainmaking to
be synonymous because of the publicity given to the discovery of cold cloud
modification to produce precipitation in the mid-1940's, In the mid-1930's,
however, Massachusetts Institute of Technology scientists demonstrated a
capability to dissipate warm fog by the application of calcium chloride
solution distributed into a fog bank by spray nozzles, The uses of both
freezing and hygroscopic nuclei to modify weather are still the primary
tools of weather management to augment our atmospheric water resources and
to reduce the hazards produced by weather,

Atmospheric Water Resources Management

Much of the present effort in weather modification today is being de-
voted to the objectives of clean water augmentation. Years of experience
of private and public groups in efforts aimed at increasing the winter snow-
pack over mountain ranges for water and recreational use have now been
acquired, In the spring the snowpack melts and provides the runoff for the
river basin areas which produce water for urban use, electrical power gener-
ation, and irrigation, The meteorological circumstances under which cloud
seeding will effect snowpack increases over the mountains have now been
reasonably well identified, and in several locations this knowledge is well
enough established to justify the initiation of pilot or preoperational tests
directed toward obtaining answers to the economic aspects of water increases,
operational procedures, and ecological consequences of such augmentation, At
Climax, Colorado, where research on snowpack augmentation over the mountains
has been conducted for a period of 6 years, it has been found that increases
of over 100 percent in individual storm snowfalls can be expected if the
temperature at the 500 millibar level, which is usually also the level of
cloud tops, is between minus 12°C and minus 23°C when seeding is conducted,
If the 500mb temperature is colder than minus 25°C, the effect of seeding is
to reduce the amount of snow which would normally fall on the windward slopes,
In some of the colder cases, snow reduction of up to 50 percent was observed,
This is consistent with the physical behavior of natural and artificial ice
nuclei, More important, it explains the sometimes erratic results of earlier
tests in which seeding was done indiscriminately. Stratification of seeding
criteria has also been made for various conditions of wind velocity, wind
direction, lapse rate and other meteorological parameters, and optimum seed-
ing limits have been established, If these criteria are carefully observed,
positive augmentation due to seeding is almost assured in this locality.

Much remains to be learned of the basic meteorological processes which
take place in the atmosphere before these successful techniques can be applied
directly to other geographical areas having somewhat different meteorological
environments, The establishment of adequate mathematical models to describe

and forecast the reaction of orographic clouds to seeding are now under de-
velopment and show considerable promise of providing this universal capa-
bility in the near future. Improved methods of evaluating the results of
modification are expected to also emerge from these basic model studies,

The augmentation of water from summer convective cloud systems has been
tested in areas such as Florida, Arizona, and the midwestern Great Plains
with mixed but lately encouraging results. Due to the fact that precipitation
from these cloud systems is not confined to any particular groundwater system
and normal precipitation patterns are so variable on an areal and temporal
basis, it is difficult to evaluate either the economic or ecological impact
of potential artificial augmentation attempts. In experiments conducted in
Florida, observations of selected tropical clouds which have been seeded with
silver iodide according to mathematical model prediction have indicated a

growth in height averaging more than 10,000 feet over the unseeded systems
and an increase of precipitation as deduced from radar measurements of approxi-
mately 100 acre-feet of water per cloud, This is a statistically significant
increase in normal precipitation expectations of approximately 100 percent,
With the improved capability to measure cloud parameters directly from instru-
mented aircraft or indirectly from the ground and the further development of
forecasting capabilities using mathematical models, it would appear reasonable
to expect that the stimulation of convective clouds in general will be ad-
vanced to operational usefulness if a national effort is focused on this
problem,

In addition to stimulating increased quantities of precipitation from
existing cloud systems, there is also the possibility of diverting precipita-
tion from areas already receiving more than an adequate water supply to those
in need of additional precipitation. In many cases, this could take the form
of suppressing the formation of precipitation on the upslope of a mountain
chain and the stimulation of rainfall on the downslope, thus reducing the
effects of the natural rain shadow. By diverting the precipitation from one
side of the mountain to the other, an entirely different watershed distri-
bution could be obtained,

Over the Great Lakes, seeding experiments are being conducted to redis-
tribute snowfall from large accumulations on the shoreline to a more even
distribution over many thousands of square miles inland, This is being ac-
complished by supplying freezing nuclei to the cloud system over the Great
Lakes in accordance with a three-dimensional mathematical model. The seeding
is designed to convert supercooled water droplets in the cloud into ice
crystals which drift miles inland instead of forming rimed snow pellets which
fall out on the shoreline and create highway hazards and power distribution
failures,

Although research is still in the exploratory stages in this field of
precipitation mangement, there is reason to believe that it will eventually
result in--a practicable form of water resource management,
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It should be noted that the emphasis of the present program of atmos-
pheric water management is directed toward increasing or diverting pre-cipitation from existing cloud systems which nature provides. The allevi-ation of long-term drought is, unfortunately, beyond the reasonable expec-tation of these techniques because they require the presence of cloud
systems containing adequate water budgets. In many long-term droughtsituations, the lack of precipitation is caused by the persistence of dryair masses over the distressed area, and the means to divert moisture-ladenair masses over these arid regions contrary to the naturally established
global circulation patterns have not yet been developed, Studies of these
large-scale circulations and their modification potential at present are
being performed largely through computer simulation based upon worldwidedata supplied by satellite, aircraft, ship, and ground network observations.
Projects such as the Barbados Oceanographic and Meteorological Experiment
(BOMEX) and Global Atmospheric Research Program (GARP) will add to our
knowledge of these energy exchange processes, The development of a new
generation of computers starting with ILIAC IV will greatly accelerate our
understanding,

The increasing capability to manage our atmospheric water resources is
being developed largely by the Department of the Interior's Bureau of Re~
clamation, and is based upon the research information in basic atmosphericmechanisms provided by programs of the National Science Foundation (NSF),the National Oceanic and Atmospheric Administration (NOAA), and the Depart- anment of Defense (DOD). A close working relationship among these Federal
agencies, coupled with the experience and expertise developed over the years
by the academic and industrial sector of the atmospheric science community,has brought us today to the threshold of application of weather modification con-
technology for the benefit of mankind.

Weather Hazards

Since the beginning of time, man has learned to respect and fear thedestructive powers of the weather. The loss of property and lives due to
floods, winds, lightning, and hail has been reduced by the increased accu-
racy and lead time of forecasting, but the basic problem of alleviating theforces of severe storms remains one of the primary objectives of weathermodification research. In these times of high speed travel in the air, onthe land, and on the sea, the reduction of visibility due to fog has also
become a hazard which must be lessened,

In the past decade, the loss of life due to hurricanes has decreased
because of improved warning capabilities, but the loss of property has con-tinued to soar, reaching 1.5 billion dollars in 1969. Airborne, ship, andshore based instrumentation, including powerful radar installations, have
provided sufficient information on the structure of hurricanes to develop

mathematical models of their behavior. These lead to the expectation that
the maximum wind speeds, which sometimes exceed 200 miles per hour in the
central eyewall, could be significantly reduced if the diameter of the eye
could be enlarged. Computations indicate that massive seeding of the cloud
region just outside of the eyewall of the storm with silver iodide should
produce this effect.

On August 18, 1969, research aircraft and scientists of the National
Oceanic and Atmospheric Administration and the Department of Defense seeded
hurricane "Debbie" with massive quantities of silver iodide with five seed-
ing flights over an 8-hour period. The treatment was applied to the storm
in accordance with the computer model recommendations, Aircraft penetra-
tions of the storm before, during, and after treatment showed an overall
reduction of 30 percent in maximum wind speed several hours after the last
seeding,

Forty-eight hours after the first seeding, reconnaissance flights
through Debbie showed the existence of a concentric double eyewall near
the center of the storm which had by then reintensified in wind velocity.
A series of five additional seeding flights at 2-hour intervals were
followed by a reduction of 15 percent in maximum wind velocity. Tests in
earlier years showed qualitatively similar results. This provides hope
that the reduction in the destructive power of the hurricane, without
affecting its overall beneficial rainfall aspects, may become operational
reality in the near future. Modeling efforts and open sea seeding tests on
hurricanes are being accelerated,

Damage to property and agricultural crops by severe hail in the
tiguous United States amounts to over $300,000,000 each year, A cooperative
program of research on the formation of hail in severe thunderstorms has been
established in Colorado under leadership of the National Science Foundation
and in cooperation with the National Oceanic and Atmospheric Administration,
the Department of Agriculture, the Department of Interior, Atomic Energy
Commission, the National Aeronautics and Space Administration, the Depart-
ment of Transportation, and the Department of Defense,

The objective of the field experiments, which are being coordinated
through the National Center for Atmospheric Research, is to understand the
natural mechanism of hail formation in severe storms sufficiently well to
recommend, develop, and test techniques for suppressing the formation of
hail. With the assistance of the academic and industrial sectors of the
scientific community, mathematical models of the various types of hailstorms
encountered in South Dakota, Nebraska, Illinois, and Colorado are being con-
structed and the prediction of the results of ice nuclei injection upon the
dynamics and hail-forming mechanism of the storm is being tested.
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Preliminary evidence of hailstorms investigated to date indicate thatthe two distinct types, namely airmass and squall line storms, will requiredifferent treatments,

Impressive success has been reported by the Soviet antihail field
program which operates in nine different areas protecting millions of acres
by radar-targeted projectiles carrying nucleating agents,

Some success in suppressing hail on an operational basis has also been
reported by commercial operators in North Dakota, Texas, Canada, Kenya, and
other areas, but the basic system for the evaluation of results still remains
one of the problems yet to be resolved, While the suppression of hail may now
appear to be possible by massive over-seeding of growing convective cloudcells to destroy their growth, this is not considered an acceptable solutionif the end result is a deficiency in regional rainfall, More sophisticated
techniques must be developed, based upon mathematical modeling, which will
stimulate or not affect rain production at the same time that hail is sup-
pressed,

The large losses in forest resources each year caused by lightning-induced forest fires has prompted the U. S. Forest Service of the Departmentof Agriculture to conduct a series of experiments in Montana which are di-
rected toward the reduction of ignition-causing lightning strokes by massively
seeding "dry" thunderstorms over the national forests.

These tests have produced statistical evidence which has suggested a
substantial reduction in the number of cloud-to-ground lightning strokes,
Moreover, this treatment modifies the long duration cloud-to-ground light-
ning strokes believed to be responsible for the ignition of lightning fires.Basic research to shed further light on the mechanisms of lightning sup-
pression is being conducted by both the National Science Foundation and the
National Oceanic and Atmospheric Administration. In addition, the Bureau
of Land Management, and the Bureau of Reclamation of the Department of the
Interior, the Forest Service of the Department of Agriculture, the National
Oceanic and Atmospheric Administration of the Department of Commerce and
the Air Force are collaborating on a study of means to stimulate precipitationfor controlling forest fires through cloud seeding. A test program is now
being carried on in the the forests of Alaska. In addition, during the 1970forest fire emergency in the Pacific Northwest, the Forest Service performed
pioneering operational trials of seeding technology for both lightning sup-pression and reduction of fire danger.

The reduction of visibility over airport runways due to fog is respon-sible for many lost hours in aircraft traffic, The dissipation of fogs
containing supercooled water droplets is reasonably well understood, Such
cold fog dissipation programs particularly those utilizing airborne techniquesto seed the fog with dry ice are operational at several commercial and mili-
tary airports,
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The more difficult dissipation of warm fog is receiving increasing
attention. There are many studies being made, largely in the Department of
Defense, with significant contributions by the National Aeronautics and
Space Administration, on techniques for dissipating warm fog which involve
the use of heat along the runway or the use of hygroscopic nuclei to pre-
cipitate the water vapor in the fog and produce fog droplet evaporation.
Several of these methods have been successfully demonstrated from time to
time, but economic considerations or the possibility of corrosive contamina-
tion have restricted their operational use, The use of helicopter downwash
to clear ground fog has been tested by cooperating agencies in the Department
of Defense and has been given limited operational tests in areas of military
operations with some success, The U. S. airline operators have tested various
warm fog dissipation techniques using hygroscopic nuclei, polyelectrolytes,
and surfactants on an experimental or semioperational basis. The lack of
adequate scientific measurement techniques for fog and the need of a more
adequate evaluation system has retarded the consideration of warm fog dis-
sipation techniques for operational use in the immediate future. The Federal
Aviation Administration (FAA) of the Department of Transportation is develop-
ing a systematic approach to the problem considering all aspects of fog dis-
sipation, including fog inhibitors, measurement techniques, mathematical
modeling, laboratory experiments, ecological impact, and particularly test
and evaluation techniques,

The most violent of all severe storms are those which give rise to torna-
does, These funnels, however, are of such transient nature that new techniques
involving remote sensing from the air or the ground must be developed before
experiments to investigate them and explore possible modification procedures
can be accomplished, Most of the tornado suppression research today is con-
fined to theoretical study, computer simulation, and to laboratory experiments
in rotating water tanks or wind tunnels, The probability of devising a field
procedure for testing tornado suppression is small for the next 3 to 5 years,
since the nature of tornadoes is not sufficiently understood and no convincing
suppression concept exists at this time. The future outlook will be influenced
strongly by studies of severe storm mechanisms. Efforts are also under way to
track tornadoes and to investigate the circumstances under which a milder form,
the waterspout, is generated over the warm waters of the Florida Keys.

Techniques to modify the microclimate from treetop level to the ground
have been used to provide field crops and orchards with a protected environment.
It has long been the practice to use rows of sturdy trees to break the force of
winds that can damage crops. Heaters and large fans have long and widespread
use in frost protection. More recently, artificial fogs, stabilized against
evaporation with small amounts of chemicals such as hexadecanol, have been used
to reduce radiant heat loss as a means of fighting frost, Sprays of plain
water are used to provide evaporative cooling to protect crops from extreme
heat. These practices will continue to be improved as our knowledge of the
surface boundary layers of the atmosphere increases and our engineering and
agricultural knowledge continues to grow.
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Pollution and Weather Relationships

Atmospheric scientists have long recognized the important role of solar
radiation in providing the source of energy to drive our global atmosphericcirculation system. Recently it has become evident that there is a strong
interaction between the composition of the atmosphere and solar-induced
weather behavior. Observations made by the Mauna Loa Observatory at Hawaii
have shown an increase in carbon dioxide content of the atmosphere of approxi-
mately 0,2 percent per year apparently due to the combustion of fossil fuels
by man, Calculations show that an eventual doubling of the amount of carbon
dioxide in the atmosphere could result in a 2°C rise in average temperature
of the earth's surface and a drop in temperature at the 40,000-foot level of
approximately 15°C.

Increased quantities of particulates in the atmosphere could produce the
opposite effect at the earth's surface. Over the past 10 years, a decline in
temperature has replaced decades of gradual warming. This has been inter-
preted by some scientists as evidence that the particulate increases due to
pollution are now sufficiently high to have reversed the long-term warming
trend, Atmospheric scientists have reported over the past 5 to 10 yearsvisual changes in the appearance of clouds over the heavily populated north-
eastern portion of the United States which they believe are caused by the
increased glaciation of supercooled clouds by surface released pollution.
There has been considerable speculation that the source of these increased
ice-forming nuclei can be traced to lead released by the combustion of fuels
in automotive and aviation engines, There are special efforts under way to
evaluate the potential long-term effects of future Super-Sonic Transport
operations on the world's weather through the concentration of added particu-lates in the lower stratosphere,

Studies of freezing nuclei over the Great Lakes in 1969 have shown con-
centrations of approximately 10 times normal background in the downwind plumes
of cities such as Cleveland and Toronto, and in some instances it was possible
to observe snow showers which may have been triggered by these pollution
plumes, Climatological studies of anomalous rainfall associated with indus-trial complexes, have been reported in the scientific literature, and cor-
relations between rainfall and steel mill operations are impressive. The
burning of sugarcane slash in Tasmania has been correlated with the reduction
in rainfall in that area, and a similar phenomenon was noted by research
workers in the Philippines, Although more information is required to confirm
these observations, it does appear that a delicate balance exists between the
composition of the atmosphere and the weather patters which occur.

It is evident that we must intensify our efforts to minitor globally the
ever-increasing burden of atmospheric pollution, At present, a number of
atmospheric constituents are being monitored in Hawaii, at the South Pole,
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and in Boulder, Colorado. Additional stations are planned for the easternUnited States and Canada, Further ground-based, airborne, and satelliteatmospheric observations must be initiated at the earliest possible dateover the entire surface of the earth and oceans in order that we mayevaluate the extent of the interaction between pollutants and the weather and
properly

find ways to combat their deleterious effects by more effective atmosphericmanagement procedures,

Technology and Tools

A great deal of the technology of weather modification is based upon theunderstanding of smaller scale physical processes than those of concern tothe weather forecaster,
In the identification and measurement of parameters, > the chemist, thephysicist, and the engineer have all made important contributions to ourunderstanding of atmospheric mechanisms. The mathematicians and statisticianshave assisted in the design and interpretation of experiments and are nowdeveloping a capability to construct mathematical models from which a quanti-tative approach to weather modification is emerging.
Instrumentation - Aircraft instruments are now in existence to measurein situ: water vapor, liquid water, rate of riming, cloud drop size andnumber density, ice crystal type and size and number density, ice nucleiconcentration as a function of activation temperature,as a function of activation supersaturation, temperature in cloud,> verticaland horizontal wind, turbulence, cloud particle charge, strength and directionof the electrical field, etc. There is difficulty in making the instrumentswork reliably in the severe environment in which they must perform,> and thedata collection and analysis are tedious and difficult, Unfortunately> the

and much further research is required,

condensation nuclei

accuracy to be achieved with many of these instruments is open to question

Remote sensing is an ideal way to collect information for real-timedecision making. Weather modifiers have in general adapted surplus militaryradars for mapping precipitation in space-time and found them to be invaluablethough not ideal for their purposes, Doppler radars which use precipitationparticles as targets and which measure the flow field inside large convectiveclouds have been successfully developed and will soon come into use,
Increasing use is being made of telemetered information from remoteweather stations in the nearly inaccessible mountain snowshed regions, Thesemeasure: snow accumulation, wind direction and speed, air temperature rimeaccumulation, etc. The Forest Service's Project Skyfire has developed sys-tems to sense information about the electrical characteristics of lightningstrokes simultaneously from a number of observation Stations and from air~craft. In some projects, cloud physics information is telemetered from air-craft back to the project command and control center,
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Seeding Materials - Most cloud modification practiced at present uses
ice-phase seeding, but warm cloud seeding is potentially very important,For ice forming nuclei, such substances as silver iodide, complexes ofsilver iodide and alkali iodides, lead iodide and its degradation products
and complexes have been used, A study of cupric sulfide has been made bySoviet Scientists, and this material has been proposed for more extensive
evaluation, but no practical means of dissemination is apparent, Organic
nucleating materials cometimes show excellent promise in laboratory experi-
ments but so far have yielded less attractive results in field experimen-tation. Attention is also being directed toward the assessment of the
ecological impact upon the environment which might result from the wide-
spread release of these materials into the atmosphere in future operational
programs, Materials which provide minimal impact upon the environment when
used in the usual dilute concentrations will be favored for large seeding
projects, and work will continue on the development of suitable nucleants
with biodegradable properties,

Much confusion in the field has resulted from a lack of appreciationof the role of nuclei chemistry. For instance, it has been generally con-
sidered that the ice nuclei activity of silver todide-sodium iodide-acetone
burner products is attributable to the silver iodide alone and that the
sodium iodide played no role, other than perhaps a simple hygroscopic en-
hancement, Recent laboratory experiments have shown that silver iodide from
the silver iodide-ammonium iodide system is markedly superiod to the much
used silver iodide-sodium iodide system at temperatures above minus 10°C,

In warm cloud and warm fog seeding, sodium chloride is effective, but
other substances that are beneficial to agriculture, noncorrosive to metals,
and harmless to humans must be employed. Here it is important to achieve
the optimum placement, size, and number density of the dust or spray if the
treatment is to be effective and the costs of materials are to be kept in
line with benefits.

Delivery Systems - Delivery systems of ice nuclei generation have evolved
over 25 years, from techniques for crushing and dispensing "dry ice" through
techniques of igniting and dispensing charcoal pellets impregnated with silver
iodide-sodium iodide mixtures to ground and aerial burners and systems for
dropping pyrotechnic generators of silver iodide into the cloud from aircraft,

Aerial pyrotechnic generators are being used to produce a horizontalline source of nuclei, Free-falling flares and cartridges are being used to
produce a vertical line source, Development of rocket and gun systems and
related aircraft hardware, such as wing racks, dispensing pods, and associatedelectrical circuitry is also under way, Versatility is the outstanding feature
of the pyrotechnic system: dispensing hardware, nuclei types, generation
rates, and total quantities of nucleants can be tailored to suit the experi-
ment,

Ecological and Hydrological Aspects

Weather is a dominant element in ecology. Soil-plant-animal inter-
relationships are influenced by a wide variety of atmospheric factors in-
cluding long period climatic patterns and short period variations in weather
parameters, More recently, accelerated efforts have been made to enlarge
understanding of the impact of man, his industries, machines, materials and
mode of living on the total ecology of the earth,

Development of an understanding of ecological systems has been a long-
standing activity of many research groups, For example the Department of
Agriculture has ongoing programs to study ecological aspects of agricultural,
forest, range and wild land environments. The Department of the Interior has
research programs focused on fish and wildlife ecology, water, and public
lands. The Department of Commerce is concerned with the ecological aspects
of marine fisheries. The Environmental Protection Agency and the Department
of Commerce have programs to study air pollution-atmospheric-human relationships.
Many universities have efforts in ecological research, which are pertinent to
weather modification programs.

These efforts provide a foundation of knowledge for specific aspects of
a national weather modification program which must now include indepth exami-
nation of ecological impacts. The following are a few examples of the status
of weather modification-related knowledge of ecology.

Insect Populations - Biologists have developed some initial understanding
of the effects of weather upon the incidence of insect epidemics, Alteration
of weather patterns by weather modification activities might tend to exert an
influence on the development of the insect population. For example, it is
possible that local augmentation of June rainfall could aid in control of the
spruce budworm, a forest insect that periodically causes severe damage, For
this insect, knowledge has been developed on the importance to population
growth of the timing of early winter snow, continuing snow and cold tempera-
tures during the winter, spring rainfall and temperature, and dry summer
weather during the period of establishment of larvae,

Many insects causing impacts on agriculture could possibly be affected
by weather modification, Generally, most insects are influenced more by
temperature than by precipitation, although interactions of precipitation and
temperature are important, For example, grasshoppers are strongly affected
by warm, dry, sunny weather that favors egg production, high survival and rapid
development. Cool, moist conditions, especially in the spring will aid in re-
tarding their populations, For a large variety of insects, it is known that
rainfall frequency is a critical factor. This knowledge can provide an impor-
tant guide for planning and managing weather modification operations with the
objective of providing net benefits and reducing possible adverse effects.
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Plant Diseases - Pathologists have identified the great importance of
weather factors to the spread and intensification of a variety of plant
diseases, From the results of research in plant pathology, it is possible
that weather modification might have different effects on diseases of annual
agricultural crops and on diseases of perennial shrubs and trees, Timing of
precipitation is critical to the severe outbreak of diseases in grain, High
humidity, rather than amount of rainfall is known to be a major factor in
the development of potato blight. Some seedborne diseases in cabbage such
as black leg and black rot develop to epidemic stages only when there is
summer rain, Weather conditions needed for heavy infestations of most forest
diseases are so highly variable that generalizations are meaningless, How-
ever, for some forest disease situations, weather factors have been identi-
fied and these indicate some of the decisions factors in weather modification.
For example, molds favored by deep snow remaining on the ground well into
spring may damage spruce in the Rocky Mountains, On the other hand, the type
of herbaceous ground vegetation might be shifted to species more resistant to
snow-mold attack,

From the body of knowledge now available on plant disease and weather
relationships, several critical areas for special ecological studies can be
identified.

Watershed Hydrology - Many years of research have advanced the needed
understanding of some of the complex soil-vegetation-weather relationships in
the storage, use, and runoff of precipitation. We know that the amount and
type of forest cover, the balance between open ground and dense forests, and
soil-geographic characteristics all influence the amount, quality, timing, and
duration of flow of water from mountain watersheds. Although this knowledgeis far from complete, it provides a rational basis to assist in planning
weather modification programs, Moreover, the strength already developed in
watershed research provides a background for enhancing and beneficially apply-
ing the results of weather modification programs,

Ecosystems - During the last 60 years, considerable information has been
assembled on the relationship between organisms and environment. A general
understanding has been developed of baseline ecology in several major plant-animal-climatic communities, The International Biological Program is attempt-
ing to refine understanding of the function of ecosystems, This research is
now on the threshold of development of predictive models for evaluating effects
of environmental change on whole ecosystems. These models can become important
elements in weather modification decision making.

Although the foregoing are only examples of available knowledge on eco-
logical and hydrological aspects of weather factors, it is evident that a basic
understanding is being developed of these interrelationships. Within the near
future, man should have sufficient understanding of how major ecosystems work
to permit weather modification to proceed with the necessary safeguards against
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possible adverse effects, Moreover, a nucleus of basic knowledge is available
to aid in selecting the times and situations where weather modification can
contribute to environmental protection and can yield substantial economic
benefits. Man knows that ecological and hydrological factors must have major
emphases in weather modification, The important thing now is to enlarge our
understanding of these factors through indepth studies on specific weather
modification projects.
Socioeconomic and Legal Considerations

Now that man has arrived at the threshold of a potential capability to
influence the vagaries of his environment, he is faced with the necessity of
making decisions on how to use this newly developed management capability,It is in this area of decision making where much study remains to be done,
In December 1967, a 2-day workshop was supported under a National Science
Foundation grant at the Southern Methodist University to explore the state
of law in the field of weather modification and the implications for society
of the interplay of science, technology, and law. The conferees concluded
that there was a need to establish a new legal framework to cover the practice
of weather modification, as the application of existing water right laws could
not be applied with any degree of consistency from state to state,

A study on the legal guidelines for atmospheric water management which
was made at the University of Arizona for the Bureau of Reclamation further
emphasizes the inadequacies of our legal system to cope with problems of
weather modification. This applies primarily to liability and indemnification
for damages believed to have been caused by cloud seeding activities.

A Task Group on the Legal Problems of Weather Modification was recently
sponsored by the National Science Foundation at the Law School of the Southern
Methodist University. The purpose of the task group was to build upon these
past studies and to make creative suggestions as to how the promising field
of weather modification might be regulated by society to advance the public
interest. The work has now been completed and the report has been published
in a book, "Controlling the Weather," Dunnellen Publishing Co.

The human aspect of weather modification has not been neglected. Under
the support of the National Science Foundation's Special Commission on Weather
Modification, a Symposium on the Economic and Social Aspects of Weather Modifi-
cation was held in Boulder, Colorado, in July 1965 at the National Center for
Atmospheric Research, This conference pointed out the necessity for the social
scientist to become aware of the social problems inherent in weather modifica-
tion and to take part in the planning for the future.

As a follow-up to this conference, the National Science Foundation requested
the National Center for Atmospheric Research to establish a Task Group on the
Human Dimensions of the Atmosphere to follow up on the original study and to
identify specific areas for research in human uses of the atmosphere and to
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foster and stimulate interest in these problems among both social and physical
scientists, The conclusions and recommendations of this 13-man task group of
experts from the field of economics, geography, sociology, political science,
law, ecology, and meteorology has been published by the National Science
Foundation as NSF Report 68-18 entitled "Human Dimensions of the Atmosphere."
Research projects have been, and are now being sponsored by Federal agencies
such as the National Science Foundation, Bureau of Reclamation, and the
National Oceanic and Atmospheric Administration to proceed with the studies
recommended by this report at various universities such as the University of
Colorado, University of Michigan, University of Missouri, Montana State
University, and many other academic institutions.

The economic potential of weather modification is impressive. Where rain-
fall is marginal, an increase of only 5 percent rainfall at the right time of
the year may mean the difference between crop failure and a bountiful harvest.
In Florida in a summer month, for instance, mathematical model computations
indicate that the seeding of convective clouds in the vicinity of Miami and
Tampa could increase the rainfall by 0.7 inches which would result in an
additional 64,000 acre-feet of water in each location, This would mean an
increase in rainfall for Tampa of 18 percent and for Miami 11 percent during
this l-month period,

Snow augmentation in the Colorado River Basin is estimated to produce
an increase runoff of 1,870,000 acre-feet of water. In addition to the gain
of approximately $100 million in water for irrigation purposes, a small incre-
mental income from existing Federal hydroelectric plants at established power
rates of about $7.5 miltion would also be produced, If all this water were
diverted for use in either California or Arizona, an additional annual income
of $6.9 million from power production could be obtained, Estimates of 15 per-
cent precipitation augmentation from a managed atmospheric water resource
system in the Connecticut River Basin have indicated an incremental runoff
of 2,000,000 acre-feet of water,

In one area of the North Caucasus of the Soviet Union where hail sup-
pression has been in operational use for more than 5 years, several millions
of acres of farmland are being protected by the use of silver iodide injected
into critical parts of storm systems by means of rockets or artillery shells,
It has been reported that the value of crops being saved by this technique
exceeds the cost of the seeding operation by a factor of 10 or greater.

Airlines in the United States have been conducting cold fog dissipation
programs at several airports with a benefit-cost ratio of better than 5 to l
in savings on delayed or diverted traffic, Most fogs which impede air travel,
however, are warm fogs, and the Airline Transport Association estimates that
the elimination of delays due to warm fogs at airports would result in an
annual savings of over $75 million, The cost of cancellation of a single
transcontinental jet flight is in excess of $3,000,
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In the Rocky Mountain and Pacific Coast States an average of 1,300,000acres of forests including 262,000 acres of valuable commercial timber lands
are burned annually by lightning-caused fires, Weather modification tech-
nology for lightning suppression has the potential of saving up to 50 per-
cent of the lightning fire losses and could add more than 1 billion board
feet annually to timber supplies and reduce fire control costs by as much
as $50 million.

:

Finally, the losses in property sustained by major hurricanes when theystrike land may exceed $1 billion for each major event, A reduction of 30
percent in wind velocity could possibly reduce property losses by 50 percent
and save many lives. Even a reduction by only 10 percent in losses, would
offer benefit-cost ratios far in excess of 10 to l.
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Chapter III.
HOW WE CAN ACCELERATE PROGRESS

Weather modification has progressed along many avenues as a result of
the efforts of groups that have often been small and occasionally independent
of each other. Progress can be accelerated by making it easier for these
groups to bring together their skills, resources, and mutual interests,
Early focusing of combined efforts on the most promising areas can strengthen
and speed up the advancement of the entire field of weather modification.

There is little doubt that our understanding of certain types of weather
modification has reached the point where practicable application can become
a reality in the very near future, provided that systematic progress is made,
where possible, from research to operational status through a concerted
national effort. An interdisciplinary multiagency approach will ensure that
not only are the techniques perfected, but that all consequences, beneficial
and detrimental, local, national and international, are fully assessed.

The suggested mechanism for accomplishing this is the establishment of
National Projects.

National Projects are multiagency efforts of major national significance
which have clear near term potential for meeting identified national needs,
Each has as a base an on-going weather modification program with a potential
for making a vital contribution to the solution of a national problem.

The National Projects are designed to learn about physical mechanisms
and to test scientific concepts, except for one with the special designationPilot Project, The Pilot Project is primarily concerned with the development
of efficient, operational techniques and the process of decision making.
National Projects have the characteristic that the different departments,
with differing missions, see a chance to advance their own, as well as
national interests by formal collaboration with one another. Designation
as National Projects should improve or accelerate their chances of success,

It is emphasized that this report does not address those aspects of
weather modification which do not require formal collaboration between de-
partments, The different aspects of weather modification research, ranging
from stream flow augmentation to forest fire fighting to hurricane modifica-
tion are not all best managed by a single central agency and each application
has peculiar features justifying its own research efforts. There are also
problem areas beyond these which, although important, are not expected to
yield to formal management efforts. For example, the development of computer
models requires a multiplicity of approaches and work on them proceeds in
almost all projects, The nation benefits more from competition in this
effort.
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Recent successes reported by several researchers, particularly in the
fields of mountain snowpack augmentation, rain augmentation from cumulus
clouds and hurricane modification, give added significance to the work at
this time. ICAS believes we are on the threshold of important results and
offers these Projects at this time as representing the best way to further
the national interests,

The proposed National Projects and Lead Agencies are:

National Colorado River Basin Pilot Project Bureau of Reclamation
To test the feasibility of applying a cloud seeding technology,
proven effective under certain conditions, to a river basin for a
winter season to augment the seasonal snowpack.

National Hurricane Modification Project - National Oceanic and
Atmospheric Administration

To develop a seeding technology and associated mathematical models
to reduce the maximum surface winds associated with hurricanes.

National Lightning Suppression Project - Forest Service
To develop a seeding technology and associated physical and mathematical
models to reduce the frequency of forest fire-starting lightning strokes
from cumulonimbus clouds.

National Cumulus Modification Project - National Oceanic and Atmospheric
Administration

To develop a seeding technology and associated mathematical models to
promote the growth of cumulus clouds in order to increase the resulting
natural rainfall in areas where needed,

National Hail Research Experiment - National Science Foundation
To develop a seeding technology and associated mathematical models to
reduce the incidence of damaging hailfall from cumulonimbus clouds
without adversely affecting the associated rainfall,
National Great Lakes Snow Redistribution Project - National Oceanic and

Atmospheric Administration
To develop a seeding technology and associated mathematical models to
spread the heavy snowfall of the Great Lakes coastal region farther
inland,

National Fog Modification Project - Federal Aviation Administration
To develop seeding or other technology and associated physical and
mathematical models to improve the visibility in warm and cold fogs
where and to the extent needed,
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In addition to special support for these National Projects a significant
increase in relevant broad background research and development support is
also recommended, This is particularly needed in the areas of nuclei count-
ing and efficiency assessment, the physical chemistry of nucleating agents,
the microphysics and dynamics of mesoscale systems, mesoscale mathematical
models, and cloud physics instrumentation, such as doppler radars and micro-
wave sensors,

National Colorado River Basin Pilot Project for the Augmentation of the
Rocky Mountain Snowpack

The proposed project builds on the existing operationally oriented effort
by the Bureau of Reclamation of the Department of the Interior to augment the
snowpack in the Upper Colorado River Basin, By overlaying concentrated re-
search on an ongoing project, time losses and costs will be minimized, The
initial seeding, communication, and observation systems and the project fore-
casting headquarters are already established, The seeding and research tech-
niques to be used are based on well-understood physical principles, and there
is promise that the results will be highly beneficial to the social, economical,
and ecological needs of an important part of our country,

The critical water shortage in the Colorado River Basin is well known.
This basin serves the States of Arizona, California, Colorado, Nevada,
New Mexico, Utah, and Wyoming, in addition to the neighboring Republic of
Mexico; among others it supplies 80 percent of the water needs of metropolitan
Los Angeles, The primary source of this water is the snowpack accumulation
during the winter on the crests of the Rocky Mountains. In the Upper Colorado
River Basin, which has an annual runoff of approximately 15 million acre-feet,
the snowpack is concentrated at levels above 9,500 feet in an area representing
only about 10 percent of the total river basin, It is on this area that the
snow augmentation effort can be most efficiently concentrated,

The planned pilot project operations will initially take place over some

2,200 square miles of the San Juan Mountains, There, it is estimated that
randomized seeding will cause a 15 to 20 percent increase in local runoff.
An expected additional 400,000 acre-feet of water will thus be produced by
the pilot project and will help relieve existing shortages.

Present total cost of water is up to $50 per acre-foot in the Colorado
River Basin, The estimated cost of water increase through orographic seeding
in this area is about $1.50 per acre-foot, The resulting economic gains and
cost-benefit ratios are impressive. If, at a later time, full-scale operations
are extended to the total 14,000 square mile area of snowpack in the Upper
Colorado River Basin, an annual water increase of almost 2 million acre-feet
valued as high as $100 million may be expected,

It should be recognized that the cost figure of $1.50 per acre-foot
and the value estimate of $100 million do not result from sophisticated
economic analyses. Scholarly dissertations have been written on the com-
plexity of performing valid economic evaluation of weather modification;
such actual evaluations are not presently available. Careful economic
studies have been undertaken in connection with the Upper Colorado River
Pilot Project but no results are as yet available, Many more such studies
are needed and should be undertaken as rapidly as qualified economists can
be attracted to the task.

The techniques to be applied in the San Juan Mountains will take advan-
tage of the temperature activation spectrum of natural ice nuclei, At cloud
top temperatures, warmer than minus 23°C, the supercooled cloud systems form-
ing over the windward slopes cannot precipitate efficiently due to a lack in
effective ice nuclei. Seeding in proper quantities on days with cloud top
temperature between minus 12°C and minus 23°C is expected to cause most of
the available condensate to fall out and to double the natural snowfall rate.
Seeding during all suitable days should add about 30 percent to the total
San Juan snowpack. Indiscriminate seeding including days with could top
temperatures colder than minus 25°C would reduce or neutralize this effect
by adding artificial ice nuclei under conditions where natural ice nuclei are
already abundant. Such overseeding would reduce snowfall by keeping the
smaller ice crystals from reaching the ground before evaporation on the down-
wind side, Therefore, careful assessment of the given atmospheric conditions
prior to a seeding operation will be an important ingredient of the project
plans.

The Upper Colorado River Basin Project of the Department of the Interior
is well planned and ideally suited to make it the focal point of a National
Pilot Project. As such, it should be augmented to take full advantage of the
opportunity for accumulating an unprecedented amount of information and
experience for future operational programs.

A 3- to 5-year effort will be required to:

Develop optimum diagnostic methods
Perfect prognostic capabilities
Develop the most efficient operational techniques
Devise a clear picture of the full sequence of physical

events and consequences
Assess the quantitative results in terms of water augmentation

capability
Derive upwind conditions and downwind effects
Assess the total economic impact
Develop sociological relations and procedures
Devise the full spectrum of social and legal effects
Assess short- and long-range ecological consequences
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To accomplish this expansion in scope, it is desirable to increase the Table 1
presently planned density and areal extent of measurements; to bring in
advanced meteorological field instrumentation and measuring platforms; to Desirable Supportive Efforts for the National
increase the project scientific staff; to enhance the real-time data acqui- Colorado River Basin Pilot Projectsition and processing capabilities; to provide for a comprehensive meteoro- Lead Agency - Bureau of Reclamation, Department of the Interiorlogical mountain mesoscale analysis; to accelerate the development of
advanced mathematical and cloud physics models; and to inject additional
related research efforts, including snow hydrology and avalanche studies,

The National Pilot Project provides a meaningful, pertinent situation
scale weather modification effort, These vital considerations need to be
studied to provide a sound basis on which public and legal policies of
operational seeding can be formulated,

The pilot project area also offers an excellent opportunity for testing
remote sensing equipment and application under the Earth Resources TechnologySatellite (ERTS) Program. The project measurements provide ground-truth
data from a rugged, mountainous area under severe winter conditions, The
remote sensing of environmental parameters would be used in connection with
the ecological investigations being made as part of the project.

The basic program currently involves Colorado State University, Colorado
University and Ft. Louis College as well as the Soil Conservation Service,
the Forest Service and the Geological Survey.

It is clear that the National Pilot Project will require a concerted
effort by other government agencies, such as the Departments of Commerce,
Defense, Transportation, the National Science Foundation, and additional
segments of the Departments of Agriculture and the Interior as well as state
agencies, Desirable supportive efforts from major components of the Federal
Government are listed in Tables 1 and lia,
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Type of Effort O O
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Monitor cloud top heights and
temperatures (airborne IR
measurements) X x

Precipitation and wind field in clouds
Radar x
Doppler radar x

Nuclei characteristics up and down-
wind (airborne counters) x x

Additional upper air soundings X X
Additional ground stations

Snow depth x
Snow characteristics X

Wind xPrecipitation x

Advanced instrumentation
Weather proof anemometers X X
Mobile weather stations K K
Soil moisture sensing devices x
Nuclei - activation measurements X

Real time satellite information X

Specialized local forecast X

Climatological and hydrological
analysis X X

Advanced mathematical models

Special studies on the effects of:
Water quality x
Stream morphology x
Forest fire probability X
Surface transportationSociology x
Legal aspects
Multiple use forest management

Flight space and control x

to investigate the sociological and environmental considerations of a large-

W

x
x

** State Highway Department.
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hurricane control,

and the energy as as percent
can indeed be achieved, it may be expected the pressure from the
sector will increase to apply hurricane on an
tional basis and to reduce the huge losses in property and life from catas-
trophes such as Hurricane "Camille" in 1969, It is in the national
that preparations for the transition from research to are

and carefully planned taking all technical as well as the po-
tential economic and legal implications into account. The additional
indicated in Table 2 will be instrumental in accelerating our progress towards

energy
If the evidence available at this time is substantiated in future tests

and in the kinetic energy of as as percent
can indeed be achieved, it may be expected that the pressure from the
sector will increase to apply hurricane modification techniques on an opera-
tional basis and to reduce the huge losses in property and life from catas-
trophes such as Hurricane "Camille" in 1969, It is in the national

sector will increase to apply hurricane modification techniques on an
tional basis and to reduce the huge losses in property and life from catas-

can indeed be achieved, it may be expected that the pressure from the public
sector will increase to apply hurricane modification techniques on an opera-
tional basis and to reduce the huge losses in property and life from catas-
trophes such as Hurricane "Camille" in 1969, It is in the national interest
that preparations for the transition from research to operations are
pursued and carefully planned taking all technical needs as well as the po-
tential economic and legal implications into account. The additional

and carefully planned taking all technical needs as well as the po-
that preparations for the transition from research to operations are

m winds as high as 30 percent
the pressure from the public

techniques on an opera-
property and life from catas-
It is in the national interest

on an opera-
and life from catas-
the national interest

are
as well as the po-

The additional support

the prediction by refined computer models,
to shift to the testing of physical chains of events in concurrence with

available test bases, a large statistical sample cannot be expected and emphasis
to shift to the testing of physical chains of events in concurrence with

the prediction by refined computer models, Any opportunity, within safe
limitations, must be used to test these concepts and every effort must be made
to advance the existing mathematical models and technological tools at hand.

includes a better understanding and prediction of hurricane tracks and
their inadvertent or deliberate alteration by artificial means.

limitations, must be used to test these concepts and every effort must be made
to advance the existing mathematical models and technological tools at hand.

includes a better understanding and prediction of hurricane tracks and

Any opportunity, within safe

Project STORMFURY.
and to advance the physical concepts and mathematical models developed in

There is an urgent need to confirm these findings
The advances made in 1969 in the modification of hurricanes were described

in the foregoing chapter. There is an urgent need to confirm these findings
Because of the infrequency of hurricanes within reach of

National Hurricane Modification Project
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Table 2

Desirable Supportive Efforts for the National
Hurricane Modification Project

Lead Agency - National Oceanic and Atmospheric Administration
Department of Commerce
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National Lightning Suppression Project
The efforts by Forest Service Project Skyfire of the Department of

Agriculture are focused on lightning-caused forest fires, Lightning is the
greatest single cause of forest fires in the western states and accounts
for more than 60 percent of the fires on Federally protected forests and
50 percent of the fire loss to commercial timber. In addition, these fires
generate air and water pollution, damage outdoor recreation and areas of
scenic beauty, and often take a toll of homes, industries, and human lives,
Continued advances in special weather modification technology now indicate
that this may be the most fruitful approach to reduce the annual lightningfire control costs of some $100 million and the much greater costs of
natural resource losses,

As described in Chapter II, carefully designed experiments performed
over a long period of time indicate that cloud-to-ground lightning from
individual thunderstorms can be reduced through application of massive
seeding techniques, More important, the special type of lightning which
now has been found to be almost exclusively responsible for forest fires
was strongly affected. This so-called "hybrid" cloud-to-ground discharge
combines the unfavorable characteristics of multiple return strokes and long
continuous currents. In one experiment involving massively seeded lightning
storms, the number of return strokes per hybrid discharge as well as the
duration of the continuous currents were significantly reduced,

Although the physical mechanism by which massive seeding modifies light-
ning activity is not fully understood, the probability is high that the basic
mechanism of charge generation in thunderstorms is affected, Extrapolation
of the results of lightning modification to fire ignition probability in the
relatively small Project Skyfire field experimental area suggests an appre-
ciable reduction in. forest fire starts from lightning.

The results now available and the potential economic gains are sufficent
to justify a national project designed to establish operational feasibility
and to fully ascertain the physical mechanisms involved.

The National Lightning Suppression Project will fulfill these aims, This
project will extend the developed cloud seeding techniques over a much larger
forest area in the northern Rocky Mountains having a known high incidence of
fires. (Continued development of airborne instrumentation for seeding evalu-
ation and numerical modeling techniques for determining where and when to seed
are projected as a part of this program.) The project will be designed to
continue investigation of lightning mechanisms and to evaluate operational
application of weather modification techniques most likely to prevent fires
and reduce forest fire danger under specific meteorological conditions.

Possible Sources
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Increased aircraft support for monitor-
ing hurricane parameters

Two fully instrumented turbo prop
research aircraft X

High altitude cloud physics probing X X
Intensified high altitude cloud
photography (60,000 feet) X

Airborne tracer studies X X
Improved airborne radar X

Satellite monitoring of hurricane
characteristics including cloud top
temperature X

Ground monitoring
Increased utilization of existing
radar networks X

Flight space and control x
Damage survey and analysis of wind
velocity relationship X X

Expanded Research studies and
experiments
Evaporation suppression studies

and experiments X
Special economic and legal impactstudies
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Although the Forest Service plans to strengthen its resources for Table 3
support of the National Lightning Suppression Project it has several sub-critical aspects. They need to be removed by the cooperation of other
government agencies, universities, and private industries, Specifically,we recommend interagency participation in the areas listed in Table 3.

Desirable Supportive Efforts for the National Project
on Lightning Suppression (Project Skyfire)

Lead Agency - Forest Service, Department of Agriculture
In addition to the efforts of the National project the ForestService will continue its lightning research program including studiesfor the extension of lightning suppression systems to other forest

regions,

Possible Sources

Wo
Type of Effort

e a auQu O Ou WUWer 4waao oo
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Research and Development Support

Lightning Storm Models x X x
Predicting Amount and Type of Lightning

from Thunderstorms
Development of Radar Techniques

Aircraft and Spacecraft Observations

Joint Use of Aircraft for in-cloud
measurements

High altitude aircraft for lightning
sensing

Spacecraft monitoring of lightning storms

Services

Special Fire-Weather Forecasting
Point Six Radar Operation
Rawinsonde operations
Analysis of Seeding Devices and materials
Aircraft monitoring and control
Micro and meso-scale weather analysis

O

:

x
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National Cumulus Modification Project
As pointed out in the previous chapter, rain augmentation from convectivecloud systems in general requires a better scientific understanding of the

complex convective processes, However, remarkable progress has been made duringthe last few years in the modification of certain types of cumulus clouds.This specific approach shows significant economical promise and appears nearlyready for operational application,
In tropical latitudes, as well as in certain regions of the temperatelatitudes, the seedability of cumulus clouds can now be predicted by computermodels, using as inputs the day-to-day atmospheric soundings and local observa-tions, NOAA's present and planned efforts in Florida to augment precipitationfrom tropical cumulus clouds are based on mathematical models which take intoaccount the effects of entrainment and waterload and are able to predictvertical cloud development, precipitation growth and fallout for seeded andunseeded clouds.

Seeding operations are guided by these objective predictions, It is nowwell established by physical and statistical tests that precipitation in-creases of more than 100 percent can be achieved in individual seedable cloudswhich grow explosively after massive seeding due to the liberation of largeamounts of latent heat of freezing ("dynamic seeding"), Since seedabilityvaries from day to day and from month to month, the monthly or seasonal in-creases in total precipitation are smaller. Systematic "area-seeding," how-ever, promises to result in economically significant increases approachingthe 20 percent level in certain months.

Also, tests in temperate latitudes, for example those in South Dakota
sponsored by the Department of the Interior's Bureau of Reclamation, indicatethat modifiers know how to produce substantial increases from a frequentlyrecurring set of cloud types, Clearest demonstrations of this are when im-portant amounts of rain are produced from cumulus that would not rain at allin the natural state, In these regions, this may or may not be associatedwith important induced changes in the dynamics of the cloud. The moreadvanced mathematical models used in these tests incorporate the effectsof terrain, evaporation, and cloud shadows.

While the treatment of individual cumulus clouds has been strikinglyeffective, parallel attempts to treat systems of convective clouds are stillin the early stages, Much more research is needed to develop adequate cor-relation during theoretical analyses, mathematical models and field experi-ments,

-32=

The dynamics of convective cloud systems are extraordinarily com-
plicated and no satisfactory, three-dimensional model exists at this time.
System seedability criteria readily available based on atmospheric para-meters need to be established. Possible downwind effects must be investi-
gated,

This project will make major strides in the clarification of many long~standing scientific problems such as the mechanism of entrainment and its
dependence on cloud characteristics and environment, the mesoscale organi-zation control of convective cloud systems, the action of hydrometeoric
drag, nucleating mechanisms, efficiency of natural and artificial nucleiin warm and cold clouds and different climates, and artificial modificationof buoyancy.

A number of criteria enter into the selection of optimum locations forfield tests, Among these are:

Favorable and representative meteorological conditions offering
a sufficient variety of typical convective phenomena and
related atmospheric structures

Minimum interference with human activities
Favorable attitude of state and local authorities
Need for rain augmentation in the general area of field testing
Certain parts of Texas offer these conditions. Winds from the Gulf of

Mexico or from Mexico itself produce a great variety of convective situations
from arid to tropical (Florida type) regimes, with warm and cold cloud tops,shallow and large developments, organized and unorganized systems. Also,the remaining criteria seem to apply here, Other areas to be considered are
Florida, Utah, Illinois, Oklahoma, and Soutn Dakota, where surveillance net~
works already exist.

The expanded project should be centered around NOAA's Tropical Cumulus
Project in Florida, The Florida Project should be systematically expandedtowards operational readiness, Areawide seeding techniques and groundcontrol should be advanced to a fully operational stage, to be applied in
regions and at times of strong economical or environmental needs, In this
connection, the available techniques for suppression of precipitation during
periods of flooding should also be developed.

Optimum methods to cooperate with local users and authorities and to
deal with legal problems are expected to evolve from this important project.

The additional support listed in Table 4 is considered desirable to
achieve these goals. Of special importance is the addition of reliablycalibrated weather radar,
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Table 4

Desirable Supportive Efforts for the National Project on
Precipitation Augmentation from Cumulus Clouds

Lead Agency - National Oceanic and Atmospheric Administration
Department of Commerce

National Hail Research Experiment (NHRE)

Damage to crops and property in the United States each year due to
hail exceeds $300,000,000 per year. There is reason to believe that a

significant reduction in the growth of this damaging hail in severe storms
can be accomplished by suitable modification techniques. The injection
of silver iodide into the liquid water accumulation zone of the storm using
explosive artillery shells or rockets targeted by radar has been reported
to be highly successful in the Soviet Union in reducing losses due to hail.
Cloud base seeding from aircraft released into selected portions of the
updraft of the storm by pyrotechnic silver iodide generators has been re-
ported to be successful in reducing hail crop damage in Kenya, Africa,
North and South Dakota, in Texas and elsewhere,

Although hail suppression has been believed to be successful in many
instances, there is still a wide divergence in scientific opinion as to the
mechanisms which are responsible in severe storms for the formation of hail
and how they might be modified to suppress hail. Most evidence of successful
hail suppression offered to date has been keyed to insurance statistics which
compare crop losses in treated and untreated areas, Due to the sporadic
nature of hail formation, such data have contributed very little scientific
insight into understanding the actual hail suppression mechanisms in a storm,

The National Hail Research Experiment (NHRE) involves the intensive study
of hailstorms over a target area using ground meteorological networks, in-
strumented aircraft, ground and airborne radar and infrared sensors, lidar, and
synchronous satellite observations. From these observations, mathematical
models of representative Great Plains hailstorms will be developed and a number
of hail suppression techniques will be tested by simulation techniques, The
most promising of these suppression techniques will then be applied to actual
hailstorms over the test area and the results observed and compared to the
model simulation, Penetrations will be made into the storm by specially in-
strumented aircraft including a T-28 aircraft which has been armored to with-
stand the direct impact of 3-inch hailstones in flight. Rockets containing
silver iodide impregnated explosive nose cones will be launched into selected
areas of the storm from jet aircraft to test the effect of glaciation upon
the dynamics and hail-forming mechanism of the storm.

The areas chosen for selective glaciation will be determined from the
computer model and the reaction of the storm will be observed by special dual
wavelength radar, doppler radar, tracer materials and chaff injected into the
storm, and the armored aircraft penetrating into the active storm center.

Possible Sources

Type of Effort OD

wu
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Increased ground support
xExpanded precipitation network X

Increased aircraft support
High altitude panoramic cloud
photography X

Special studies
Socioeconomic, legal studies X
Ecological studies X
Advanced mathematical models/

computer time X
Pyrotechnic Development X
Plume research and tracking X
Standard Laboratory for nuclei tests/
nuclei counters x

O
O

W
O

O O w

a 3

A major portion of the field effort will be conducted by the National
Center for Atmospheric Research, academic and private institutions, under
NSF support, Currently major contributions are planned from Colorado State
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Table 5

Desirable Supportive Efforts for the
National Hail Research Experiment

Lead Agency - National Science Foundation

Possible Sources

q
Type of Effort 3 4

AS AA a AH

Personnel loan
Scientific or engineering X X
Technical supporting X

Equipment loan X X

Aircraft observations X X X

Air trajectory studies

Services
Forecasting X
Assessment and evaluation x X
Satellite observations
Traffic control
Doppler radar observations
Seeding devices x X X
Ground monitoring network X
Electrical measurements

University Instrumentation Support X
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University, University of Wyoming, South Dakota School of Mines and Tech-
nology, the University of Chicago, and the University of Illinois, Manyaspects of the field program, however, require the support, facilities,and expertise available only at other agencies of the Federal Government.

The NCAR basic program will be designed as a minimum adequate core
program to which other agency participation will add effectiveness towardattaining the overall program goal as well as fulfilling other agencyresearch requirements most efficiently, Desirable supportive efforts from
major components of the Federal Government are listed in Table 5.
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National Great Lakes Snow Redistribution Project
As mentioned in Chapter II, experiments have been conducted over a

number of years by NOAA to reduce the heavy snowfalls on the shores of
Lake Erie and to redistribute them over a larger area further inland. The
concept can be applied to other parts of the world where polar air with
subfreezing temperature moves over open warm waters causing heavy snow-
storms at the downwind shorelines.

Progress achieved to date is so encouraging that the efforts, presentlysubcritical, should be intensified. Airborne measurements have borne out
the predictions of a mathematical model with surprising accuracy, This three-
dimensional model takes into account the effects of terrain and water (some-times 20°C warmer than the air) and the resulting changes in friction andvertical flux of water vapor, It indicates that the top of the cold air islifted near the downwind shore to such an extent that deep snow-bearingclouds form, In theory, injection of the proper amount of artificial freez-
ing nuclei changes the type of precipitation from fast-falling rimed particlesto slowly drifting small ice crystals thereby lessening the rate of snowfall
near the shoreline,

What is needed now is refinement of theory and computer models, as well
as real-time application of the mathematical model in guiding the seedingoperations; improved cloud physics measurements inside the "lake effect
clouds;" expanded precipitation monitoring by radar and ground networks;
systematic counts of freezing nuclei; and intensified studies of the economic
impact, the conflicting interests, the legal aspects, and the ecological
consequences,

Table 6 summarizes the additional support considered desirable to ensure
vigorous progress of this important research project toward eventual opera-tional application.
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Table 6

Desirable Supportive Effort for the National
Great Lakes Project

Lead Agency - National Oceanic and Atmospheric Administration
Department of Commerce

Possible Source

Type of Effort
vuasVv ao W

Worl aouo uaoo ov
au o y
@ 60 vu y G G OAx AA ArH & fu

Increased Aircraft Support
High altitude panoramic cloud

photography
Improved liquid water content recorder X
Seeding support

Additional Ground Support
Snowgages for surface network X
Mobile 3 cm radar
Additional rawinsonde stations X

Special Studies
Technological Assessment:
Socio-economic- legal studies X x
Ecological Studies X
Great Lakes Watershed Management Study x
AgI scavenging study (Univ. Grant) x
Heat and momentum transfer study -

NCAR a/c

O

O
O

X

X

X

X
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A,

Table 6 Notes

Desirable Supportive Effort for the National
Great Lakes Project

INCREASED AIRCRAFT SUPPORT:

(1)

(2)

(3)

High altitude panoramic cloud photography to provide a highquality, detailed over view of entire winter lake storm
systems before and during seeding operations,
A liquid water content recording to provide important infor-
mation pertaining to potential seeding efficiency and potentialbenefit in terms of snow out,

Recommended use of droppable cannister-type pyrotechnic flare
seeding with technical and field assistance provided by Naval
Weapons Center scientific personal and equipments.

B, ADDITIONAL GROUND SUPPORT:

(1)

(2)

(3)

Assistance in measurement and analysis of snow rate and total
snow measurements,

Mobile 3 cm radar stationed as needed to provide measurementswithin the target area where severe operational difficultiesarise as the result of ground clutter return on present WSR 57
radar,

Upwind meteorological data are required as input to the pre-dictive model, Mobile rawinsonde measurements obtained in the
target area and upstream will provide this basic meteorologicaldata needed,

C. SPECIAL STUDIES:

(1)

(3)

(4)

and (2) Socio-economic-legal, ecological, and watershed manage-ment studies need be conducted to determine the impact of possi-
applied weather modification in this area,

Crystal analysis for a determination of the magnitude of AgI
scavenging by crystals for the evaluation of seeding efficiencyand seeding requirements.
Heat and momentum transfer study using the NCAR Buffalo aircraft.
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National Fog Modification Project

Throughout history fog has been responsible for economic and human
losses in aviation, on highways and at sea,

Detrimental effects of fog on surface and air transportation are prob-
lems of major proportions, Commercial air carriers alone now lose over 80
million dollars annually in aircraft diversions, delays and cancellations,
Costs in excess of 300 million dollars per year are incurred by fog-associated
vehicle accidents on the nation's highways. Fog is a serious factor to the
military in the movement of personnel, cargo and combat material at airfields
and staging areas in the United States as well as overseas. Successful air-
borne cold fog dispersal operations have been conducted for a number of years,
and large dollar savings were recently realized and documented for a military
ground-based cold fog dispersal pilot installation (Fairchild AFB near
Spokane, Washington) to the amount of approximately $200,000, The national
fog modification project will accelerate technological breakthroughs in the
dispersal of warm fogs (temperature above 0°C) and provide for greater effi-
ciency in cold fog (temperature below 0°C) dispersal techniques.

Means of overcoming the adverse effects of fog include, among others,
modern electronic navigation aids, improved lighting, acoustic methods, such
as bell buoys and fog horns at sea, and recently fog dispersal systems.

The above techniques, while permitting some flow of traffic through fog-
bound areas on land, air, and sea require considerable improvement and refine-
ment in order to make them operationally reliable and economically beneficial.

The current state-of-art technology indicates that fog dispersal systems
can be developed which meet user requirements. The dispersal of cold fog by
airborne and ground-based systems which use dry ice or propane as the nucle-
ating agent has already been successfully demonstrated, Ground-based cold
fog dispersal systems are already operational at Orly Field, Paris, France
and at some U, S, Air Force installations, In the U, S., seeding aircraft,
under contract to diverse segments of the aviation industry, currently use
dry ice to dissipate cold fog utilizing various airborne seeding techniques.
Measurement and evaluation of fog dispersal techniques will be made to deter-
mine the system efficiency and its impact on the National Airspace Air Traffic
Control System.

Efficient warm fog dispersal techniques have seriously lagged behind
cold fog modification work, mainly because of the expenditures required to
produce even minimal dispersal results, The main efforts in warm fog dis-
persal in the past few years have been in computer simulation, fog modeling
and limited field testing of a variety of dispersal techniques, devices and
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theories, A reliable, operational, cost-effective warm fog modification
technique, either ground-based or airborne, does not yet exist. Several
techniques, however, have shown some promise, i.e., heating devices to
evaporate fog, airborne seeding of fog with sized chemicals and the removal
of fog droplets by mechanical means have shown diverse levels of effec-
tiveness,

The current trend in the U. S, is to disperse warm fog by seeding with
chemicals from aircraft. To date, limited documentation exists on just
exactly what effect such chemicals as urea, ammonium chloride, silver iodide,
and polyelectrolytes, among others, have on warm fog droplet coalescence and
fog dispersal. A scientific objective analysis of the dissipation capability
of fog dispersal agents is urgently needed in order to eliminate those which
are ineffective or may be potentially harmful to the environment and confirm
those substances which can be successfully and safely used in fog dispersal.
This is an area which will be investigated.

Numerous diverse techniques have been proposed for fog dispersal. To
date, no suitable field test bed exists to measure and evaluate the capability
of a proposed technique to dissipate fog.

An instrumented test bed will be developed on land at an area which has
a high incidence of natural fog in order to field test proposed fog dispersal
systems, An additional test bed will be developed in a high incidence of
sea fog region to test and evaluate proposed fog dispersal systems for harbors,
rivers, and sea approaches, Both of the above test beds will be used for
research and development of fog dispersal systems.

Considerable basic research remains to be done on the history of fog for-
mation, development, maturation and dissipation, Through the use of experi-
mental data obtained from fog chambers, through computer modeling of fogs,
and both theoretical and practical considerations, it is hoped to provide a
deeper understanding into the basic physical, chemical, and electrical structure
of fog and its geophysical interrelationships, This new knowledge will provide
a base for improved second generation fog dispersal systems,

The operational techniques of fog dispersal which will be evaluated
objectively will include, among others, airborne seeding, helicopter downwash,
heat, electrical methods, ground-based seeding, mechanical techniques, and the
use of jet engine blast. User requirements will be determined for specific
cases and fog dispersal systems will be developed to satisfy those requirements.
Both ground-based and airborne instrumentation will be employed as well as
aerial photography to document fog dispersal efforts, Anomalies will be care-
fully analyzed to determine alternative methods of achieving maximum reli-
ability for a fog dispersal system,
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The use of tracer materials to determine airflow within a fog will
provide additional information on fog droplet movement, The use of
specially-designed Doppler radar may also provide an insight into the inner
circulation of fogs.

A suitably equipped fog laboratory will include a fog chamber and sup-
porting equipment. The effect of changes on the environment and ecology of
an area subjected to fog dispersal operations will be investigated. Researchwill also be done on the micrometeorological effect of fog dispersal on plants,
insects, etc.

An economic analysis of fog dispersal will be made for airports, highways,
harbors, waterways and sea approaches, The economic losses due to fog pro-
jected over a ten-year period will be analyzed and cost~benefit ratios deter-
mined for developmental/installation costs of fog dispersal systems,

Fog dispersal at airports will affect current air traffic control pro-
cedures which may require revision when fog dispersal systems become fully
operational, These relationships will be analyzed and, if needed, new FAA air
traffic procedures will be proposed for the National Airspace System, A ground-
based propane cold fog dispersal prototype system will be installed at aU. S,
airport which has a high incidence of cold fog, The test, evaluation, and
operation of the prototype system will provide specifications and advisory in-
formation for other airports qualifying for the installation of cold fog
dispersal systems,

A systems engineering plan for a warm fog dispersal system will be de-
veloped from requirements for the fog dispersal system, terrain effects at
airports, cost=benefit analysis, physical parameters of warm fog modification,
and the measurement and evaluation of fog dispersal techniques, The systems
engineering plan will be the basis for development and test of a prototype
warm fog dispersal system installed at an airport which has a high incidence
of warm fog. The test, evaluation and operation of the prototype warm fog
dispersal system will provide specifications and advisory information for
airports qualifying for the installation of warm fog dispersal systems.

This national project is designed to utilize the total thrust of the re-
search and development communities to achieve a concentrated, coordinated attack
on the modification of warm fogs and to develop more efficient cold fog dis-
persal systems,

Modification of the above systems to meet the requirements of other users
on land and water will be accomplished.

Fog prevention techniques will be developed to reduce evaporation in
harbors and other water bodies, The alteration of terrain by such techniques
as tree planting, establishment of barriers etc. in order to develop operation-ally reliable fog preventive systems will also be investigated.

Thus, in terms of long-range planning the basic techniques developed for
military and civil aviation use will provide a basis for total transportation
fog dispersal systems development,
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TABLE 7

Desirable Supportive Effort for the National Fog Modification Project

Lead Agency - Federal Aviation Administration
Department of Transportation

POSSIBLE SOURCES

Od 60 wi
W

TYPE OF EFFORT 2 25vw Ow

Research and Development Support

1. Fog models x x x
2, Fog prediction x
3. Cold/warm Fog Dispersal

System Development X x
4. Basic fog research x x
5. Development fog prevention

techniques X x
6. Climatology x x x

increased Aircraft Support

1. Measurement of fog para-
meters by aircraft X X

2, Aerial photography x
3. Seeding support x

Ground Monitoring

1, Instrumented fog test bed x x

Services

1. Analysis for dispersal
techniques x

2, Fog measurements in harbors,
waterways and at sea x x

Special Studies

1. Socio-economic, legal and
ecological studies x x x

2. Tracer materials in fog
analysis X

3. Micro-meteorological effects
of fog dispersal x

4, Economic analysis of fog
dispersal at airports,
highways, harbors and
waterways X x

5, Interface of fog dispersal
with Air Traffic Control,
highway traffice, and
harbor/river/ocean traffic
procedures
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Background Research and Development Support

It is a matter of prime importance that basic research of the many
natural weather prccesses be supported on a continuing basis, The emphasis
in this report on activities for accelerating progress toward application
should be viewed as advocacy of efforts which supplement rather than sub-
stitute for basic research, It is clearly not in the national interest to
freeze weather modification technology at present levels, Future improvements
in this technology can be expected only if improving foundations of under-
standing are constantly being sought,

Research and development are needed particularly in the following areas
to imsure the success of all of the foregoing projects:4

Go
Nuclei counting and assessment
Physical chemistry of nucleating agents
Microphysics and dynamics of mesoscale systems
Mathematical modeling
Tools and technology

aE
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The need to measure condensation and ice nuclei more accurately in the
field and in the laboratory is most pressing. Recent comparative measurements
by existing techniques show discrepancies in nucleating efficiencies of many
orders of magnitude, It is obvious that an understanding of condensation and
ice forming mechanisms cannot be achieved until a standardized method of nuclei
measurements can be developed which provides some degree of confidence that
the true nuclei concentrations are more accurately and consistently known.

The inherent difficulty of assessing the extent of efficiency of ice
nucleation in field experiments has led to extensive laboratory investigations
of nuclei generators, Such characterizations have been based on the assumption
that a one-to-one relationship exists between active ice nuclei and ice crystals
produced, It has become clear more recently that changes in liquid water con-
tent and nuclei concentrations cause marked change in both nuclei counts (ice
crystal counts) and in the mechanisms of nucleation,

This problem can be solved only by understanding the relative effects
of different agents as a function of temperature, moisture level, physical
state, duration of action, and other operative variables, Inasmuch as the
results of such research will have a considerable influence on field experimen-
tation, a high priority should be attached to this area to improve the effi-
ciency of future operation,

Although there has been a sustained systematic effort to develop cloud
physics instrumentation needed for weather modification, the present instruments
fall short of what is required,
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An increased effort is required to develop Doppler radars that can mapthe wind field in space-time wherever there is precipitation reflecting theradar signal, Three Doppler radars synchronized through a computer are ableto give the three-dimensional wind vector, This system will also give the
precipitation size distribution throughout the space. Microwave radiometer
sensors giving cloud temperatures and water vapor content as well as liquidwater and ice content of clouds, remotely, need to be perfected,

The use of high resolution real-time satellite information in the field
provides the possibility of continously surveying the side and observing theeffects of weather modification operations.

In the future, it will be very important for the weather modifier to
have computerized display systems to take advantage of the information thatwill be available to him for making real-time decisions,
Depository for Weather Modification Data

In the past, the statistical and physical assessment of weather modifica-tion results has been handicapped by the fact that many of the original dataobtained during countless weathet modification attempts in this country are
practically unavailable,

A desirable addition to the national program for weather modificationis the establishment of a depository for such weather modification data. It
should be staffed by cooperating meteorologists, statisticians, and specialistsin information retrieval. The depository would serve to collect, to organize,and to store all the observations (either originals or photo copies) made in
the course of all experiments on weather modification conducted from publicfunds and such others as may be deemed appropriate and possible. A specialregulation should be authorized, perhaps by Congress, requiring that experi-ments operating with the support of the Government provide the depositorywith copies of all the observations made, whether they are considered of
permanent or only of transitory significance. Certain physical data, such
as ice crystal replicas may have to be stored as stereoscopic photo pairsinstead of the originals or as normal photos, The delivery of data to the
depository should be effected at some reasonable intervals during the progressof an experiment and perhaps within 2 months after the close of each experi-mental season, Wherever possible, the data should be provided in a standard-ized format for computer processing.

After a reasonable period of time, during which each experimenter wouldhave priority in using the data he collected, the observations in the deposi-tory should be considered public property, available at cost to all research
workers, In a way, the proposed depository would be similar to the NationalClimatic Center in Ashville, North Carolina, which is used extensively bythe scientific community. However, the collection of data by the depository
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would include many items specifically collected in the course of experimentsthat are presently unavailable at Ashville. It is recommended that the
Weather Modification Depository be attached as a special unit to the National
Weather Records Center.

Socioeconomic Legal Aspects for the Future

What the public thinks about weather modification, rather than what
scientists know about it, will play the dominant role in the future of this
science. The most expertly developed technology, whether it be for augmenting
the water supply or for suppressing damaging weather phenomena, will find onlylimited future application in the absence of a strong public demand.

Prerequisites for the development of widespread public understandingare:

Convincing evidence that the benefits promised can be gained without
risk of catastrophe and at true costs more attractive than those of
other options,
Clear demonstration to Peter that he is not to be robbed for the
benefit of Paul. Easily used administrative means of processing
claims for damages resulting from weather modification operations
must be provided so that court action is not routinely required.
Effective mechanisms for public participation in scheduling and
control of operations.
Reliable communications though public media about the scale of
effects to be expected,

Much research and organizational effort are needed to analyze public
demand.

As pointed out by Sewell in NSF Report 68-18 "Human Dimensions of the
Atmosphere," the issue facing us now is to outline directions which future
research on human adjustment to the atmosphere should take. He outlines four
main lines of inquiry:

(1) Sensitivity of activities to weather and climate, - We must gain
a much better appreciation of the sensitivity of our society to
such factors as temperature, precipitation, and wind. Broad
types of investigations are needed to cover studies of the impact
of weather and climate on particular industries and upon the social
patterns which have evolved within specific regions of the country.
We must be able to anser specific question such as the economic orsocial significance of an extra degree of temperature for a particu-lar activity, or the economic impact of hailstorms or hurricanes on
a given region,
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(2) Impact of weather and climate on locational decisions, - How
strongly has the factor of weather and climate influenced the
decesions of individuals or corporations to locate in a givenregion? Will the ability to modify the weather have a ma jor
impact upon such locational decisions, or are other factors
such as available labor pools, natural resources, and transpor-tation facilities more important in this determination?

(3) The role of weather and climate in decision making. - How do
people decide which of several alternative means of assessingthe impact of weather is the most appropriate? For example,what factors condition the manner in which people interpretand respond to information given in a weather forecast? Whydo some people welcome weather modification activity but others
oppose it?

(4) Effects of human activities on weather and climate: What effect
does the thermal, particulate, and gaseous contribution of man'sactivities to the atmosphere have upon weather patterns?

It is apparent that if we are to make use of our growing capability to
manage our environment, we must gain a much better understanding of thesefour critical problem areas which link man to the weather. Much of this
understanding will require the talents and abilities of the social scientist.
Unfortunately, the participation of the social sciences community in problemsinvolving weather and climate has been minimal in the past. A concertedeffort to attract these talents to environmental and atmospheric managementproblems can be made by providing equal partnership to the social scientist
on the management teams and giving him the resources which he needs to dothe job,

Many legal problems face the successful application of atmospheric manage-ment practices which are not covered by existing law, The application of waterlaw or riparian rights to atmospheric water resources raises many controversial
questions which fail to fit the circumstances involved, Who, indeed, owns theclouds which pass over a state, a city, Or a property owner's boundaries? Areclouds to be considered in the same light as wild game in the forest which be-
longs to anyone who can capture and take possession of it? Are clouds and
atmospheric moisture really national resources such as oil and minerals, andshould they be subject to Federal or state regulation?

A new body of law for weather modification practices should be definedat this time rather than to submit to the present chaotic practice of buildingprecedents through case records, Unfortunately, there are few court cases on
record, and these have done little to point the way toward an equitable lawstructure,

Ecological and Hydrological Studies

A continuing program of basic and applied research in ecology and water-
shed hydrology is needed to provide the necessary background knowledge for
weather modification programs. In addition, specific ecological and hydro-
logical studies must be established at the sites of weather modification
projects, They must become a significant part of the decisions on when, where,
and how to perform cloud seeding and of the evaluations of the results.

Specific efforts are required to:

Improve technology for identifying, measuring, and monitoring
biological and hydrological changes at sites specifically known
to be influenced by weather modification operations,

Assess the impact of weather modification upon biological systems.
Analyses should be made of ecosystem responses to specifically
identifiable types and amounts of weather modification. Identifiable
ecosystem responses within the zones of influence of weather modification
need to be related to responses that occur elsewhere due to natural
variations in weather,

Assess the impact of weather modification upon the physical landscape
and hydrological cycles. Analyses should be made of the influence of
artificial changes in precipitation (frequency, intensity, duration),
radiation, and temperature upon the hydrology of large agricultural,
forest, and other wild land watersheds. Changes in erosion, sedimen-
tation and stream channel stability may occur as a result of weather
modification, Studies should be made of the interrelated effects of
forest or agricultural practices (size of timber openings, crop
patterns, etc.) and weather changes on watershed behavior. In moun-
tainous country, studies should be made of possible changes in snow
avalanche characteristics that may occur as a result of modification
of orographic storms.

Learn how micrometeorological processes in the soil-plant-air regime
interact with specific changes in weather systems. These studies need
to relate specific kinds and levels of weather modification to such
things as radiation, sensible heat, water, carbon dioxide, and chemical
processes within vegetative systems, A comprehensive model should be
developed that predicts microclimate characteristics produced through
weather modification. Techniques should be developed for applying
knowledge gained from these studies to a variety of land management
and environmental protection activities including enhancement of plant
growth, reduction of rural duststorms, control of forest fires, and
dissipation of heat and smog in cities.
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Chapter IV.

RECOMMENDATIONS FOR ACTION

Implementation of the suggestions for acceleration of progress will
require the preparation of detailed action plans. ICAS member agencies
indicated as Lead Agencies for the designated national projects, should
create a coordination committee for each project. The chairman of each
committee should be drawn from the lead agency for the particular project
and each participating agency should be represented.

The work of these coordination committees should include early develop-
ment and submission to ICAS of action plans as well as periodic progress
reports after the project is underway.
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PROTECTION FROM NATURAL DISASTERS

Accelerate weather modification to reduce the economic and social burden of severe weather phenomena

~ Reduce by 30% the annual hurricane destruction of about $500 million
~ Make a significant reduction in annual hail damages of over $300 million
- Reduce timber losses due to lightning-caused fires by 40% and fire control costs by 30%

(total annual savings of $135 million)
« Ameliorate paralyzing effects of severe shoreline snowstorms and reduce snow removal costs
- Reduce annual fog-related transportation losses of $375 million by about 50%

- Augment regional precipitation at times of strong economic or environmental need

Assess impact of climatic change due to natural and manmade activities
Provide alerts to large-scale contaminant buildups

- Provide basis for prevention of catastrophic climatic trends

:

~ Provide new insight and understanding into climatic change as basis for making valid decisions
and planning wise strategies

Improve effectiveness of weather warnings
- Provide single authoritative source for warning information
- Provide full spectrum of alerts and warning to at least 90% of the population
- Improve detection, prediction, dissemination, and community preparedness
- Eliminate unnecessary storm preparation costs



Reduce the impact of flood disasters on the nation

PROTECTION FROM NATURAL DISASTERS

Improve forecasts to make life saving, evacuation and flood preventative actions more effective

Provide rapid collection of river and rainfall observations from remote areas using satellite
technology

Extend flood warning service now furnished 2000 communities to an additional 500 localities

Reduce flood losses now at one billion dollars by estimated 50 million dollars annually

Reduce significantly the threat from earthquakes, volcanoes. and landslides

Protect the lives and property of the more than 40 million people who will be living in high
risk areas by 1980 through adequate land use planning

.Improve the damage resistant design of structures to reduce losses such as the more than $550

million cost of the 1971 San Fernando earthquake

Reduce the level of landslide damage which exceeds hundreds of millions of dollars annually

Predict earthquakes and volcanic events on a time scale ranging from decades to weeks or days

Demonstrate the feasibility of controlling the size of major earthquakes

Reduct the anticipated $20 billion destruction from a great earthquake in a major metropolitan
area

yepected
before the year 2000 by as much as 25%

Improve bffectiveness of forest fire prevention and control4

Reduce the loss of lives and fire damage to communities such as occurred recently in southern
California when 1,200 fires burned more than 600,000 acres, killed 14 people and destroyed
900 homes

Safeguard and enhance forest industrial production by reducing forest losses which in 1970

exceeded $700 million



PROTECTION FROM NATURAL DISASTERS

- Make forest fire control safer and more efficient to reduce annual costs of forest fire control
of $350 million

- Reduce fire-related flood and erosion damage

~ Safeguard the environmental quality in American forests

Accelerate planning actions by state and local jurisdictions to reduce losses from all natural hazards
- Provide technical and financial assistance to state and. local jurisdictions in identifying areas

subject to natural hazards
- Provide criteria for land use planning and model zoning ordinances, regulations and building codes

- Assist and encourage communities to adopt appropriate disaster protection measures with effective
enforcement provisions

- Apply Federal science and engineering through increased local governmental responsibility
and capability
Reduce costs to the Federal government for disaster relief



PROTECTION FROM NATURAL DISASTERS

COST PUBLIC BALANCE
($millions) ITE OF TRADE

722 #73 74 WEATHER MODIFICATION 72 74 76. 72 74 76 22 74 16

1.8 10.8 10.8 1. Expand Hurricane Modification project M EH L M M LLL
to other areas and increase computer
modeling efforts

2.6 3.6 5.1 2. Accelerate experimentation with L M H. M L
various hail suppression techniques

0.5 3.5 5.5 3. Develop storm model and lightning L M H L L M

and fire-sensing system, and perform
pilot lightning suppression experiment

0.5 1.0 2.0 4. Expand Great Lakes snow redistribution L M 4 LLL
project to other areas and increase
surface and aircraft support

3.0 10.8 15.8 5. Install additional cold fog dispersal L M H M M L M M-
systems and develop warm fog dispersal
capability for ground and airborne
transportation

5

-54.65 28.4% 7, Update national aircraft capability n/a L M M

1
for weather modification support

LMM L L

IMPACT JOBS

EH

LL

L M L Lb L0.7 1.7' 3.7 6. Extend research on augmenting
+

precipitation from cumulus clouds

25.0* 25.0% 8. Increase national computer capability n/a
9.1111.0 96.3

* These are one-time costs.
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COST
($millions)
72 °723 74

1.0 13.7 19.3

3.0 20.5 20.5

9.0 18.7
4.0

13.7

4.0 15.7 19.9

17.9 37.9 62.2

PROTECTION FROM NATURAL DISASTERS

PUBLIC
ITEM IMPACT

CLIMATIC CHANGE 72 74 76

1. Establish 6 global and 10 regional M H #
baseline stations to measure gaseous
and particulate composition

research

3. Apply promising measurement technology L sM M
and develop new instrumentation and
automated remote sensors

WEATHER WARNINGS

1. Improve detection and prediction H H 4H

(radar, automatic stations,
research and applications)

2. Improve dissemination (satellite H H

systems, radio nets, weather wire.
multi-line telephone)

3. Improve community preparedness H H H

(education, evacuation plans)

FLOODS

1. Automation of observational L M M

reporting networks

.2. Computer models for prediction L M M

and warning

BALANCE
OF TRADE

L

n/a

L L

JOBS

72 74 76 72 74 16

MM

43.2 58.5

20.9 40.9

Q. 1.4

M M LLM M2. Conduct surface and upper air field
investigations and perform modeling

MM

7

5

H H0.2

L M M L3.0 7.2 9.8

L Lui L0.7 1.4 1.9
3.7 8.6 11.7



PROTECTION FROM NATURAL DISASTERS

COST PUBLIC ° BALANCE
(Smillions) ITEM IMPACT JOBS OF TRADE

.4.0 20.2 20.0 -1. Locate hazardous areas M H 4H LMM n/a

-3.6 16.2 32.6 2. Design damage resistant structures 4 L M M L

4.8 18.8 33.8 3. Predict earthquakes and then effects L M 4H' LMM n/a
on the works of man

2.2 25.5 17.7 4. Control the maximum size of future. L M LMM n/a
earthquakes

0.6 1.5 1.9 5. Reduce damage from volcanoes L L L L L nia

0.8 2.8 4.8 6. Reduce damage from landslides LMH L L L n/a
16.0 85.0 110.8

FOREST FIRE PREVENTION AND CONTROL

(Develop fire attack systems, fire
command and control systems, and
hazard reduction methods and
determine cost-benefit ratios for
various alternatives.)

1.3 2.5 2.5 2. Expand the National Fire Weather LMM
2.8 8.0 14.1 Service (complete the planned Fire

72 74 76 72 74 7672 EARTHQUAKES, VOLCANOES AND LANDSLIDES 72 74 76

1.5 5.5 11.6 1. Implement Project Aero-Fire L L L ML M 4 M M

Weather Forecast Center Network,
expand special data acquisition
systems, and develop improved fore~
casting and applications techniques.)



cost
($millions)
2 14

1.

2. Federal supporting research and

PROTECTION FROM NATURAL DISASTERS

ITEM

Community assistance program

demonstration

PUBLIC
IMPACT

BALANCE
JOBS OF TRADE

2COMMUNITY DISASTER PROTECTION ACTIONS73 74 76 72 74 76 72 74 76

L M AH0 10.0 25.0 n/a

L M 4s.0.5 1.5 2.5 n/a
0.5 11.5 27.5


