Panel members, 1 to r: Dr. Helmut Weickmann; Prof. Verner E. Suomi; Dr. William W. Kellogg, moderator; Dr. Wallace E.
Howell; and Dr. Earl G. Droessler.

me role ol me professional meteorologist
and his society in a
national program ol weather modification'
Editor's Note: Dr. W. W. Kellogg of the National Center for Atmospheric Research,
moderator, in his introduction referred to the two recent reports on weather modification: the National Academy of Science's Weather and Climate
Modification—Problems
and Prospects; and the National Science Foundation's Weather and Climate Modification. Volume 1 of the former was published in the B U L L E T I N , Vol. 47, No. 1, p. 4;
portions of the latter appeared in the B U L L E T I N , Vol. 47, No. 3, p. 166.
Remarks by Earl G. Droessler, National Science
Foundation, Washington, D. C.

It is a privilege to be the keynote speaker for today's
panel discussion. In passing, I believe we should note
the significance of American Meteorological Society sponsorship of the first general public discussion of two
major reports just published on weather and climate
modification. For this exceptional foresight and plan1 A panel discussion presented at the 47th Annual Meeting, 26 January 1966.
National Academy of Sciences Report No. 1350, available
at $5.00 per two-volume set, Printing and Publishing Office,
National Academy of Sciences, Washington, D. C. 20418. National Science Foundation Report No. 66-3, available from
the Atmospheric Sciences Section, National Science Foundation, Washington, D. C. 20550.
2
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ning we owe warm thanks and congratulations to Dr.
Paul R. Julian and members of his Program Committee.
The United States weather modification program of
today has been described as piecemeal and generally of
sub-critical size. To remedy the situation the U. S. should
provide stable long-term support to high quality research
groups of sufficient size to plan and carry out a number
of large and critical efforts. In popular expression,
weather modification would then move from "little size"
to "big size."
We all have observed that many people talk as if
the government directed and decided most everything
in the field of weather modification. In reality, the government is responding to a revolution in this field
brought about by activity in the private sector. It is the
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private meteorologists, the university researchers, and
other private research groups who are mainly at the
forefront. If there is any danger here it is that we are
underestimating how real this revolution is, and how
sweeping the change will be in the scientific community
and in the general community of the professional meteorologists. We have an opportunity to do bigger and
more important things, and many more eyes will be on
us than in the past several years. The standards of performance which will be expected of us will be very high
—perhaps, in terms of the state of the art at the moment,
the expectations are too high. But these expectations
are also a real factor.
Let us look at it another way. During the years
between Langmuir-Schaefer-Vonnegut experiments and
about a year ago, we had the promise of weather modification on one side and the needs of the public on the
other. The state of the art and the ability to verify it
were not sufficiently advanced for the issue to be joined.
Needless to say, there is much more to be learned on a
very fundamental level. Basic research will be, and
must be, a strong factor as far as we can see into the
future. Current knowledge and techniques are without
question rudimentary compared to the knowledge and
techniques to come from future research and development efforts. But it is not careless nor irresponsible to
say today that we have made a turn in the road. The
reports of the National Academy of Sciences Panel on
Weather and Climate Modification and the National
Science Foundation Commission on Weather Modification have documented this turning in the road and have
charted the directions we now should take. These reports with their findings and recommendations are now
before you.
Weather modification can never again be approached
only as a scientific problem. It cannot be merely something that may benefit a few ranchers here, a few orchardists there, and a few airport operators somewhere
else. It is now, and will be in the future, an element in
the resource planning of the nation and the world. And
the more progress we make, the more of this will be true.
In short, weather modification is now part of the economic complex just as weather forecasting is.
This is the factor that makes the situation so new
and revolutionary. The question now is not whether
weather modification is real, but what our response to
its reality will be. The time is now for those with an
interest in weather modification, and in the health of
the whole national effort in the atmospheric sciences,
to discuss and debate together about the future course
of the national effort in weather modification and what
the Federal response to this challenge should be. I dare
say that the people in this room represent a very strong
segment of those who will be involved in these deliberations. I can only urge you, if you care deeply and
have strong opinions, to enter into this discussion now
—now in this room today, and in the national arena in
the months ahead—as fully as you can. There are im-

portant decisions to be made, important paths to be
chosen, important work to be started or augmented.
Let me raise three questions which we as individuals
and as members of the American Meteorological Society
should be wrestling with:
1. How can we as individuals working through our
Society play an effective role in setting up and evaluating a cohesive program on weather and climate
modification; that is, to decide on and promote the
proper mix of basic research, applied research and
operations to get the most out of the system in the
short run and in the long run?
2. The two reports noted above recommend a substantial increase of Federal funding—from today's
budget level of about $7 million to about $30 million by 1970—to support the physical sciences,
engineering sciences, biological sciences, and the
social sciences aspects of weather and climate modification. How should the American Meteorological
Society participate in these bright prospects?
3. What role should our Society play with regard to
the inevitable legislation and the regulation of
weather modification activities? Involved here are
the legal aspects of weather modification determination as well as the legal problems of regulating
and protecting weather modifiers.
Other questions, I am sure, will recommend themselves
to you as our discussions go forward. The three questions above are meant to convey a sense of urgency and
challenge. And may they stimulate and solicit your
thoughts on the role of the individual professional meteorologists as well as on our role as members of the
AMS in determining the content and the administration
of a larger new national program on weather and climate
modification.
Remarks by Wallace E. Howell, W . E. Howell
Associates, lnc.# Lexington, Mass.
1. Introduction

Until very recently, the federal effort in weather modification has been a program of basic research to the
deliberate exclusion of application for useful purposes.
But in what now is emerging as the outline of a National Weather Modification Program, though basic research will play a seminal role, the major role, if the
program succeeds will be the practical one of making
weather modification into an instrument of public policy
to meet national needs and of carrying out operations
to this end. Already steps in this direction are being
taken.
The prospect is opening before us that this program
will greatly exceed in its direct impact on the lives of
individual Americans any meteorological program previously undertaken. To use a weather forecast, we must
at least give it our attention, and tens of millions of us
do; but weather modification reaches out to change the
environment even of those who do not pay attention,

280
Unauthenticated | Downloaded 01/09/23 09:16 AM UTC

Bulletin American Meteorological Society
and acts upon the individual in a relationship entirely
different from that now existing.
It is fitting, at the beginning of this undertaking, that
we should re-examine and re-assess the role of the professional meteorologist in a program that foreseeably will
involve interaction with a greatly expanded spectrum of
scientific, legislative, and social disciplines. Although
basic research and technical development in meteorology will dominate the foreground of our professional
attention, the work of integrating the scientific aspects
of this program with the institutions of the democratic
society that forms its background cannot be left unattended, and in this work too the meteorologist will play
a part. It is likewise fitting that we re-examine the role
of the American Meteorological Society in a program
that will involve our members in an unmatched diversity
of viewpoints, responsibilities, and loyalties at the same
time that it provides an unmatched opportunity to exercise and advance those collective qualities that we
call our profession. Thus we must perforce re-examine
also the role of the professional meteorologist in the
AMS; for the AMS will effectively carry out only those
tasks that we collectively surrender to it from our individual domains, and will carry them out only to the
extent that we as individuals make ourselves the instruments of our Society to put a collective policy into
execution. The quantity and the quality of the AMS's
contribution will measure the sum of our individual
commitments to it as the embodiment of that which we
seek to hold in common.
2. The professional meteorologist in a national
program

In one part of a National Weather Modification Program the role of the professional meteorologist is clear
and familiar: he will carry on the basic research leading
to a more perfect understanding of the weather processes at all scales of magnitude that bear on storms and
the precipitation and other effects they produce, and
he will conduct and study experiments on active intervention in various natural weather systems. Enlarged in
scope and magnitude, this role is the projection of what
it has been in the past. It will include all the functions
of planning, justification, presentation, etc., that it now
has.
But if the National Program is to justify its name,
this sort of research will beget a scale of operational
activity that will dwarf the parent and spread into quite
other domains. The whole point of it is the use of
weather modification for practical ends on the widest
possible scale; and this will open up many new roles for
the professional meteorologist. In some of these his role
is already apparent by example.
One of these is the adaption of our admittedly rudimentary skills at weather modification to a variety of
climatic situations. Some of us are already extending
our experience into one of the world's driest deserts
and into one of its rainiest jungles; into the sub-arctic

tundra and into the equatorial belt; into the interior
of the continent and to islands that scarcely break the
sea; in flat plains and into rugged mountains. Each of
these situations, and many others yet to be tackled, presents a different mix of meteorological factors. These
activities are designed not to evaluate the basic seedability of clouds, but rather the effects of particular techniques used on the clouds in a particular circumstance.
Another role has to do with the different end uses
of weather modification that likewise involve a wide
spectrum of meteorological characteristics. Hail suppression, for example, is concerned with a phenomenon
having usually less than one chance in a million of
occurring at a particular time and place, while additional rain in certain hydroelectric watersheds is an
almost daily opportunity. In interpreting the varied
meteorological characteristics of these applications to
people responsible for decisions as to their utilization,
the professional meteorologist will be called upon to
link up with other scientific disciplines such as agronomy, ecology, oceanography, and hydrology. The emphasis given to biology in the report of the Special
Commission on Weather Modification on the National
Science Foundation is but one example of what the future holds. A particularly important link is his special
contribution to the economic statements of the functional relationship between weather-modification effort
and weather-modification effectiveness, and between
weather-modification effectiveness and economic and
social effect. He must make meteorological knowledge
usable to the man who must decide yes or no on
the alternative courses of action open to him.
The professional meteorologist is also being called
upon and will be called upon further, to extend this
sort of interpretation beyond the technical field into
an increasing number of areas where weather modification comes into contact with social institutions of all
sorts. We cannot blithely assume that public attitudes
toward weather modification will be guided by an
enlightened attitude on the part of lawmakers or by
public education as to the scientific possibilities and
social and economic potentialities. Unless positive steps
are taken to educate the public and enlighten the legislators, the trend toward an attitude of anti-scientific
nihilism that has already been engrossed in law in some
states may be expected to spread.
Within the Federal Government, the path to the
meteorologist's door is relatively well-known and well
traveled. The same is not true on the state level, however, and there is a definite need for the role that the
professional meteorologist now plays in advising on Federal legislation to be extended to state legislation where
the problems to be dealt with are often much more specific in nature. In the ultimate specifics of the court of
equity, the professional interpretation of meteorological
material is contributing and will contribute more in
the future to the evolution of legal precedent and cus281
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torn in those cases where persons disagree as to the practice of weather modification.
Beyond these more or less formal channels of communication with public institutions comes communication with the public itself. The situation where in
some regions large numbers of people are convinced that
it is scientifically possible and actually the current practice to break up rainclouds and suppress rainfall is one
that exhibits a failure of communication between the
scientist and a considerable though disorganized segment
of society. The professional meteorologist is up against
a public relations job of the first magnitude here, not
for the sake of selling more silver iodide, but to overcome ignorance, and to dissipate the fears and anxieties
that feed on ignorance. To do this effectively will require of the meteorologist a degree of understanding of
and empathy with his audience that transcends the
technicalities of meteorology.
3. The role of the American Meteorological
Society in a national program

The role of the AMS is implicit in its objects as stated
in its constitution: the development and dissemination
of knowledge of meteorology in all its phases and applications, and the advancement of its professional ideals.
These objects are being translated into specific actions
through many agencies of the AMS. Now comes the
prospect of a situation that potentially constitutes an
unprecedented opportunity for expansion of these actions, in variety as well as in volume, opportunities in
the fulfillment of which the AMS can make an unique
and valuable contribution to our national life.
On a map of the AMS's activities, its scientific meetings, national meetings, chapter meetings, publications,
abstracting and bibliography, etc., are conjugate to the
basic research activities of the professional meteorologist
in his familiar role within the field of meteorology. We
can, I believe, expect continued expansion of this role,
extending the growth of past years. But on the map of
the AMS's activities I believe we can foresee new roles,
conjugate with the interdisciplinary roles of meteorologists and with the areas of interaction between the National Weather Modification Program and other institutions of society. Here is where the AMS's role may
look new and different.
Physical science and political science do not necessarily speak the same language. We cannot take it for
granted that what we say about weather modification
will be understood as we intended. Indeed, on the
basis of past experience, we should take it for granted
that we will be misunderstood, not once but repeatedly,
and that we shall have to pick up the feedback from the
public loudspeaker continually and use it to correct our
input if we are to avoid harmonic distortions. Nor can
we take it for granted that the public viewpoint about
weather modification will be based on scientific knowledge. We have found from experience that efforts to
change the weather touch a great many sensitive nerves.

The results are not always rational, and we must assume
again that our scientific attitudes and languages will be
misunderstood and our intentions misinterpreted.
The individual meteorologists encountering these
problems will be doing so in a multitude of more or
less unrelated circumstances. They will be working from
different viewpoints, toward different and indeed possibly conflicting ends, for different employers, responsible
to different leaders, responsive to different pressures,
often involved in unresolved differences in scientific
ideas. But they will have one important thing in common—their meteorological professionalism—and their
success in their endeavors will be conditioned not a
little by the recognition given to that professionalism.
This recognition, in turn, will be directly related to the
kind of support that the AMS provides to these individuals within the context of their work. Let me make
this more specific.
It is a saying in the legal profession that a lawyer who
takes his own case has a fool for a client. Yet those meteorologists who are and will be moving outward from
the central territory of meteorology cannot avoid being
advocates for meteorology within their own domains. In
some part, that advocacy is exclusively their individual
concerns, but in some part it is the concern of meteorological professionalism. In that part, there is need and
opportunity for the AMS. The individual advocate is in
need of active and effective counsel from his professional society. If this can be achieved, I believe it will
contribute to the development of meteorology and the
advancement of its professional ideals.
4. The role of the professional meteorologist in
the American Meteorological Society

It is clear that in these fields the role of the AMS interacts with the role of the individual meteorologist, and
the course of the discussion leads us to examine the relationship between them.
In one sense, the AMS is nothing but we individual
meteorologists in those aspects of our personality where
we choose to express ourselves through this institution
rather than—or in addition to—expressing ourselves as
private voices, or through our employers, through government, civic groups, churches, etc. We must then consider, not what the AMS may accomplish, or what role
the AMS may play, but what of our own personal goals
and our own personal roles can we achieve most fully,
most satisfyingly, most productively, for ourselves and
for our era, through the AMS?
The role of the AMS in a National Weather Modification Program or in any other way will never be more
than what we as individuals make it, more than what
we cede to it of our personal domains, more than we
devote to it of our personal energies and interests.
The question is not, what can the AMS do for the
individual meteorologist, but what do we wish to accomplish on each other's behalf that we can best accomplish through a professional society.
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This had better not start sounding like a pep-talk—
YES YES YES FOR THE AMS!—because whatever we
do has got to be accomplished after the rally is over,
after the enthusiasm of the moment is spent; it has got
to be firmly based on a sound and balanced judgment,
and represent not only an obligation that we are capable of living with but also an obligation that we are
convinced is consonant with our own needs—that it is
the best way of accomplishing the ends we individually
wish to accomplish. But, as is often the case, these ends
may not be clearly formulated nor the collective support for them engendered without the kind of leadership that brought about this panel discussion.
I believe that to achieve the maximum potential in
a National Weather Modification Program many meteorologists involved in it should call upon the AMS
to play an important role. I believe that we as individual members of the Society should be prepared to
act in concert, through our Society, to implement this
role. I believe we should counsel with one another now
as to what the appropriate guidelines and limits for this
role should be and to convert tonight's interest and
momentum into accomplishments.
5. Proposals for action

Discussion for its own sake may be fine, but I hope our
discussion here will be the prelude to action. What can
we do, individually and within the AMS to advance the
role of the Society in the National Weather Modification
Program? I would like to propose the following:
1) A stronger and more varied program to present
issues involved in the National Weather Modification
Program before the general public under AMS auspices,
especially through public discussion by qualified people
in a wide range of related activities, with the opinions
expressed by no means limited to the official statements
of the Council, but affording a wider forum. A seminar
for science writers, following the example of the National Aeronautics and Space Administration, would be
one step in this direction. This is an inherently dramatic
situation, and the resolution of the drama is a matter
of broad public interest. The AMS is in an unique position for stimulating public discussion above the level
of departmentalized interests.
2) A much stronger role for the AMS committees concerned in one way or another with weather modification,
and formation of a committee on weather modification
with membership representative of interests not only in
research but also in the other areas that I discussed above
in which professional meteorologists are already or soon
will be active—interpretation for different weather situations, interpretation for different types of modification
and for different applications, and integration of a
weather modification program into the many institutions
of society. The role of these committees, I believe, should
be an active one, to furnish leadership in uncovering the
areas where discussion or information is needed and
seeing that the needs are met, in meeting the legitimate

needs of individual meteorologists with respect to the
AMS as I have outlined them previously, and in fulfilling
the hope expressed in the NSF report in identifying
users and potential users of weather modification to those
concerned with its planning and operation, and in identifying the AMS and its aims to these users and potential
users. The committees should be given authority commensurate with this responsibility, slacking off the check
rein of the Council and permitting the committees a
wider freedom of action and quicker and more specific
response to particular needs as they arise.
3) Another role I think we should try to achieve for
the AMS with respect to a National Weather Modification Program is that which it began to play when the
Advisory Committee on Weather Control was appointed
in 1953, composed of six members from Government
agencies and five members from private life, where the
appointments from private life specifically recognized
the special qualification of the AMS to speak for the
meteorological profession and the meteorological viewpoint as a whole. In working out a balance between the
requirements for regulation that must bring about an
accommodation between mission-oriented agencies of
government and private interests, I think we should
seek to establish a formally recognized position for the
AMS within the framework of the national program as
representative of the profession and as interpreter between the professional and the general public.
In closing I must say that when I first tackled this
assignment I found myself with a disillusioned, defeatist attitude, wondering if there really was any worthwhile role that the AMS could play in the National
Weather Modification Program, whether this program
would not be directed by forces essentially outside of
our professionalism. If what we are talking about remains only talk, I still believe this is what will happen.
I no longer feel so pessimistic, though, as to the future
role of the AMS in the National Weather Modification
Program.
Remarks by Verner E. Suomi, University of
Wisconsin, Madison

Our chairman, Dr. Kellogg, has asked me to assume
the role of being a spokesman for the university community on the non-technical aspects of weather modification. You have to be a professor yourself to appreciate that this is asking me to walk on thin ice. Professors
are very sensitive about having someone else be their
spokesman. Be that as it may, I feel that the professional
meteorologist on a campus has a new responsibility
within the university community.
Professors like to think that a university is dedicated
to improving the general welfare through research and
scholarly studies in many areas, of introducing these new
findings into the body of knowledge held in the professions and critically examining man's past and present
activities with respect to his environment and his fellow
man, then disseminating this great body of knowledge to
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many students young and old in general, professional
and continuing education.
The technical, social, economic and political-administrative ramifications of weather modification deserve a
similar critical examination and the university is ideally
suited to do so.
The reasons why the biological, social, economic, legal
and political aspects of weather modification deserve this
kind of examination and discussion have already been
stated in some detail in the Report of the NSF Special
Commission on Weather Modification just published.
All meteorologists, professional or amateur, will be interested in this document. However, the professional
meteorologist within the university community has a
special responsibility to fully understand its importance
and implications. In the majority of cases he has the
responsibility to see that the Forum where these discussions and examinations might take place actually comes
into being. To urge the formation of a forum is not to
say that the professional meteorologist must necessarily
run it. Quite the opposite—a strong case can be made
for the desirability that the leadership come from another segment of the university community. The meteorologist's initial job is to get the university involved.
It is probably an understatement to say that weather
modification has been a controversial subject. This controversy, still not completely settled, has to do with
whether or not useful modification is possible, and if
possible, is it worth the trouble? The past controversy
will be simple in comparison to what it will be as we
learn that weather modification is actually possible. The
question then is much more involved because a wide
range of societies' interests may be affected. The question then becomes whether or not we should do it.
As society seriously considers the implication of these
new possibilities we can expect it to react. If society is
to react in a manner wise enough to protect itself, yet
not so restrictive as to deny itself the possible benefits
available now and in the future, it must be properly informed. One of our greatest present dangers is misinformation. Exaggerated claims of possible benefits or possible harm are equally dangerous because society responds initially to what it thinks the truth to be, not
necessarily what the truth actually is.
The university has always recognized its duty to inform the public and has many mechanisms to do so.
Larger universities have TV and radio stations of their
own. Smaller universities and colleges have access to the
regular outlets in these media. Also there are public
lectures and forums and other mechanisms such as the
University Extension Service. The Extension Service
carries the message of the university to the working
level in agriculture through extension agents who make
contact with the individual farmer. These information
channels exist—the professional meteorologist in the university community has a duty to initiate programs to
properly inform the public and further to keep these
programs up-to-date.

The purpose of this meeting—to consider the nontechnical aspects of weather modification, is in itself a
recognition of the interdisciplinary nature of the problem. The power of a university to deal with interdisciplinary problems is that the university is a community
of specialists, each a leader in his discipline. In order
to profoundly comprehend the biological implications
of different kinds of weather modification, one needs
a sharp biologist informed on what can and cannot be
done to the atmosphere. The deep biological implications of weather modification activity are not likely to
come from a meteorologist who has had a short course
in biology—rather the other way around. Clearly, a meteorologist with a short course in biology will be better
able to communicate with the biologist. This ability to
communicate effectively is no trivial matter—it is the
heart of every effective interdisciplinary study. The same
general thesis should apply to social science, political
science and law. The professional meteorologist in the
university community need not become a lawyer or
social scientist—but he must be able to communicate
with individuals competent in these disciplines. Action
item number 2 then becomes: Encourage interdisciplinary studies on the non-technical aspects of weather
modification.
Finally, the meteorologist in the university must use
his old familiar tools, research and teaching, to provide
the sifting and winnowing required to separate fact from
fiction so the frontiers of better understanding of the
behavior of the atmosphere can be advanced. He must
express his own goals clearly, especially as they apply to
weather modification. Many have been reluctant to do
so. Some have in the past and some still do call this area
of activity "sinful." The controversy in our own midst
might be settled if we apply one of the mechanisms said
to be used by labor arbitrators in trying to resolve labormanagement disputes. Let the weather modifiers state
the position of the academicians in regard to a national
weather modification program so clearly that these "high
brows" would be willing to accept this statement as accurately representing their position. Similarly, let the
academicians state the position of the weather modifiers
so clearly and accurately that these "operators" would
be willing to accept this statement as their position on
a national weather modification program. My guess is
that most of the controversy will dissolve and each group
will be able to contribute a newer and wider insight to
the program and provide a rational basis for further
progress.
Action item number 3 becomes: Clear your thoughts
so you can express yourself effectively on the subject as
you see it. You will need different ways to express the
same truth to your colleagues, students, fellow faculty,
interested laymen, the general public and to congressmen and other officials.
It is even possible that a careful evaluation of your
new position may affect your research and teaching. As
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you sharpen your position on weather modification you
will be better able to contribute to the scientific leadership needed to generate a truly effective national program in weather modification.
So the meteorologist in the academic community has
3 action items.
1. Inform the public.
2. Encourage interdisciplinary study.
3. Continue research and teaching after carefully
weighing the new framework.
In doing so we will help resolve the important nontechnical questions sure to arise as our ability to modify
the weather slowly passes from dream to reality.
Remarks by Helmut K. Weickmann, Atmospheric
Physics and Chemistry Laboratory, ESSA,
Boulder, Colo.

In keeping with the Chairman's wishes of identifying
ourselves I would like to say that I will speak first as a
scientist who has some experience in cloud modification
activities. Secondly, I would like to speak as a civil servant who was for the past sixteen years affiliated with an
institution which can look back to a long and distinguished record in meteorological research and that was,
so to speak, the birthplace of meteorology in this country, namely the former U. S. Army Signal Corps Laboratories in Fort Monmouth, New Jersey, now the U. S.
Army Atmospheric Sciences Laboratory. Scientists like
General A. W. Greely, W. Ferrel, Sgt. Finley and F. H.
Bigelow, who made their marks in the world literature
of meteorology were all members or instructors of that
institution. I am likewise proud of being now a member
of that agency who has inherited the responsibility of
the meteorological mission to the Nation from the U. S.
Army; namely the U. S. Weather Bureau, or now, the
Environmental Science Services Administration whose
Laboratory of Atmospheric Physics and Chemistry I am
heading.
I would like to direct my remarks to two statements
in the National Academy of Sciences report which may
sound revolutionary: (1) Weather modification is a reality, and (2) weather modification has entered the state
of "big science."
It appears to me that a peculiar human element enters into the definition of "weather." The course of meteorological events assumes the term "weather" through
their relationship to man. Let me explain to you what
I mean: During the Artificial Cloud Nucleation Project
of the U. S. Government, 1951-1954, we were engaged
in cloud dissipation experiments over Maine, the Great
Lakes region, Canada, Germany and Greenland. We
found that with 300 to 500 lb of dry ice one could dissipate supercooled cloud decks over an area as large as
i Reference: National Academy of Sciences, Publication No.
1350 "Weather and Climate Modification, Problems and
Prospects," Vol. I and Vol. II.
1

100 square miles. In doing so over northern Michigan,
we cleared large areas over uninhabited land and saw
forests, highways and lakes. When we did the same thing
in Bavaria on an area of 100 square miles, we dissipated
the clouds not just over one village but over several in
which a few thousand people may have lived. And here
it was a very strange experience for us, having made sunshine for these people on an otherwise dreary and grey
day in February, that we had actually modified their
weather.
Let me tell you another example. One day we were
seeding over Milwaukee, Wisconsin. We felt already
quite professional at that time and waited after the
seeding for the dissipation of the cloud deck. But
strangely enough it did not dissipate. After a while we
penetrated the deck to look from underneath and we
were amazed at the sight that offered itself: we had
generated a miniature squall line! Along our ten mile
seeding path which had meanwhile drifted out over
the Lake, heavy snow-showers had formed due to large
cumulus congestus clouds which had grown out of a
fracto-stratus layer located several thousand feet beneath the seeded Sc-layer. As far as we could see and
this was at least 100 miles, there was no other precipitation falling from the cloud deck. There was no doubt
that we had created this heavy snowfall. Apparently the
ice crystals generated by the seeding had steepened the
lapse rate through evaporation and this secondary effect had permitted cumulus clouds to develop from the
fracto-stratus layer. When we penetrated the showers it
became quite turbulent and we were again amazed to
find clearing of the skies behind the front. Again we felt
strange when we saw ships on the Lake disappear in
our dense showers.
These two cases shall indicate that we not only can
modify the weather (unless we think in very large scales)
but that in this field of science, fair weather or bad
weather can be "manufactured" by exactly the same procedure since important secondary effects and responses
of the atmosphere may determine the course of events.
This not only puts a burden on the experimenter in
his assessment of the effects but also on his integrity in
claiming success or failure. It is the task of the professional meteorologist to safeguard this integrity.
While experiments which I just described were accomplished with one aircraft and a few hundred pounds
of dry ice, experiments in which we are presently engaged in Project Stormfury or in lightning suppression,
or projects in rain augmentation, require a much greater
logistic effort. These experiments require the very elaborate coordination of several aircraft, radiosonde networks, radar installations, radar tracking equipment, and
finally computers for data analysis and evaluation. Here
millions of dollars and the conditions of large areas, perhaps 100 miles at a side are involved. No doubt here
we enter the field of "big science." Large special fund
appropriations from Congress are required and with this
the field becomes open to all kinds of political pressures.
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Let me illustrate the specific dangers for weather
modification through comparison with two other areas
of "big science:" space research and research into the
atomic nucleus.
Space research is a declared goal of the national policy and prestige and as such, a highly political field
involving billions of dollars and a large segment of the
national industrial output. It is of little or no immediate benefit for the average citizen, and with respect
to the national effort it equals a major, though unbloody
war. In fact this may be a very close analogon, it is a
war among the mighty nations of the world, not fought
on the battlegrounds but in the laboratories, universities, and industries. The spectacular achievements in
this field are mainly a triumph of modern technology
based upon established scientific principles.
Research into the structure of the atomic nucleus appears to be on the other end in this comparison. It
requires huge facilities in form of accelerators, costing
hundreds of millions of dollars. It is clearly big science.
Here, however, it is pure scientific basic research of such
an abstract nature that only a handful of scientists all
over the world will be able to follow the progress and
to interpret the results. There is no immediate benefit
coming to the average citizen either and therefore politics enters at best at a highly sophisticated level of scientific administrators.
Weather modification certainly occupies a most vulnerable space between these two extremes. First of all,
modification of the weather will immediately concern
each citizen—the farmer for more rain and less hail, the
urbanites for more water into the reservoirs, and many
others for protection from weather disasters. On the
technological sector it is neither sufficiently advanced to
be turned over to engineering applications nor is it still
in the purely scientific realm of basic physics. It is of
a complexity of which we are becoming increasingly
aware as its physical chain of events extends easily over
10 orders of magnitude. Take the example of the squall
line mentioned above: the artificial generation of tiny
micron-sized ice crystals caused a chain of events that
ended in clouds and precipitation extending over many
kilometers! People not understanding this complexity
are only too willing to skip the whole complex chain
of events and jump from the seeding to the final event—
which quite often exists in their wishes only. And wherever these wishes are determined by business or political
interests, scientific progress has lost its ground.
We ought to make it very clear that weather modification is a science of much greater complexity than weather
prediction where we have to reason only with physical
events extending over 3 to 4 orders of magnitude—but
think of the never ending critique the weather forecaster
with his much simpler task is subjected to! The much
greater complexity of weather modification activities
will not only enhance the number of errors but will
often prevent a unique analysis of the results, consequently the experimenter will not only be much more
9

exposed to critique but more so to suits in courts. In
many cases only statistical evidence will be available
which may rule out significance for an individual case.
Statistical evidence requires statistical design and control
of the experiment which puts a heavy but indispensable
burden on the experimenter.
As this science may enter into the realm of big science with special congressional appropriations, it enters
into politics. With this the professional meteorologist
and his Society will have to accept a new and great responsibility; namely, to safeguard and watch over the
integrity of its scientific workers in this field, to remind
the public and the politicians not only of the great potential in the hand of the learned, but also of the abuse
to which the field may be subjected in the hands of the
opportunists. Clearly this field will have to draw on the
ingenuity of scientists as well as engineers in working
out a multitude of problems and more so these efforts
should be well coordinated in order to work out jointly
the promises which lie behind hopeful beginnings of
weather modification. In bringing together those who
are earnestly searching for progress and truth in this
endeavor, the Society may find its most rewarding task.

news and nntes
Cooperative rocket experiments in Spain

An agreement for cooperative meteorological sounding
rocket experiments was reached early this year by the National Aeronautics and Space Administration and the Spanish Comision Nacional de Investigation del Espacio (CONIE).
The purpose of the soundings will be to obtain synoptic
information on wind, temperature, and pressure at altitudes
between 18 and 36 miles.
Sixteen sounding rockets carrying chaff or instrumented
payloads will be launched from a range in Spain to be
operated by the Instituto Nacional de Tecnica Aeroespacial
(INTA). The data obtained will be combined with similar
observations from other sites to provide information on the
dynamics of atmospheric circulation for use in the study of
meteorology and planetary atmospheres.
Under the agreement, CONIE is procuring an ARCAS
launcher, sounding rockets, payloads, and other equipment.
NASA is lending an MPS-19 radar, a van, a boosted-Dart
launcher, and additional equipment, and will train Spanish
personnel in the operation and maintenance of the equipment, in the handling and launching of sounding rockets,
and in the acquisition and analysis of the meteorological
data.
The scientific results of the project will be made available to the world scientific community.
(More news and notes on page 320)
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