the place ol
government programs
in weather modification'
Abstract

The activities which are grouped together as "weather
modification" cover a wide range and have important
differences as well as similarities. Many governmental
agencies in pursuing long standing interests in the relation of the atmosphere to their missions, have become
involved in individual weather modification programs
which are similar enough to prompt the assumption that
their efforts are empire building, duplicative and competitive. Study of the details of what is going on provides little evidence that serious empire building or
duplicative efforts are the rule.
Cooperation and coordination exist between Federal
agencies but should be improved particularly in the
areas of planning for the future and attracting the participation of the additional skilled people.
1. Introduction

This response to an invitation to speak on "The Place
of Governmental Programs in Weather Modification"
could have taken many forms and touched on many
subjects. If an imaginative person were to fill out an interest matrix with the rows designating all the various
levels and functions of government and the columns
designating all of the activities currently being included
under the general heading of "Weather Modification," there might be very few positions left blank.
City water departments, county commissioners, state
water resource boards, a number of Federal agencies, as
well as several legislative and judicial bodies have already demonstrated their involvement in this rapidly
expanding field. In addition to these, there are very
likely a host of as yet unrecognized government-weather
modification relationships. A lengthy volume would
be required for even a superficial discussion of the
many current and planned governmental activities in
weather modification.
You may be considerably relieved to learn that I do
not intend, in what follows, to take full advantage
of the license granted by the assignment of a permissive title. Mindful of the fact that several other speakers in this symposium may be describing activities that
* Paper presented at the AAAS Symposium on Weather
Modification, New York, 30 December 1967.
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have governmental aspects, I have chosen to limit my
discussion to a few observations about the nature of
the field of weather modification and about the functional roles that are or should be played in it by governmental programs. As a background for this discussion,
let us look briefly at the question:
2. What are we talking about?

There was once a time when the phrase "weather modification" could be used to communicate effectively. A
euphemism that avoided the distasteful connotations
and narrowness of "rainmaking" and the excessiveness of
"weather control," it meant, practically, cloud seeding
undertaken to produce a desired effect. Most frequently
the desire was for more rain or snow, but hail suppression, lightning abatement and fog dispersal were
ofttimes included as they were closely related. Then
gradually a broadening of meaning developed.
In a recent report one can read:
"The subject of weather and climate modification is concerned with any artificially produced changes in the composition, behavior, or dynamics of the atmosphere. Such
changes may or may not be predictable, their production
may be deliberate or inadvertent, they may be transient
or permanent, and they may be manifested on any scale
from the microclimate of plants to the macrodynamics
of the worldwide atmospheric circulation."
1

Later on the same report advocates diat "major responsibility for weather modification should be centered
in a single agency." I realize that questioning the
wisdom of the National Academy of Sciences before this
group puts me in the same category as those who
criticize motherhood, but I am going to risk it
nonetheless. I doubt that the National Academy of
Sciences Panel on Weather and Climate Modification
intended to promote unnecessary jurisdictional disputes
when it defined "weather modification" so broadly and
saw so much merit in monolithic management. It should
be recognized that as a result of die above all-encompassing definition, the Surgeon General could be said
to be concerning himself with "weather modification"
when he studies cigarette smoking. Can anyone deny
i "Weather and Climate Modification" Volume I, page 1,
NAS-NRC Publication No. 1350, Washington, D.C., 1966.
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that cigarette smoking changes the "composition, behavior or dynamics of the atmosphere" on a scale that
exceeds the microclimate of plants? I hope we won't
hear advocacy that a "lead agency" for weather modification stake its claim to regulation of cigarette smoking.
Speaking of surgeons, it is fortunate indeed that in
developing their field they have not sought acceptance
of the "lead agency" concept that has been suggested
for the development of "weather modification." By
following a logic closely related to one advocated by
some members of the meteorological community, the
surgeons could have lumped under "surgery" fingernail
clipping, appendix removal and blowing a person's head
off with a hand grenade. All of these activities could
be shown to involve excision of some part of the human
body, and hence would be the proper concern for the
"lead agency" concerned with the human body. The
grenade activity, drawing on present meteorological
practice, would most probably be classed as "inadvertent surgery" and pave the way for debates about
whether a mission-oriented agency like the Department
of Defense should be entrusted with development of
hand grenades, which are so clearly surgical tools.
The foregoing is offered in support of the present
governmental multiagency approach and as a plea
for the application of some word-use restraint. Lumping
a wide range of activities into a catchall phrase like
"weather modification" provides an occasional talking
or writing convenience. But it is a mistake to assume
that the widely divergent requirements for technology
development, the differing hazards of application and
varying needs for regulation can be similarly safely
lumped. The individualities of the fields of fog and
stratus dispersal, lightning abatement, hail suppression,
precipitation management and hurricane modification
are as important to remember as are their commonalities. Although cloud modification is common to all of
these activities there are important differences in
their technological requirements, and their social and
economic implications.
It is my opinion that the practice of talking about
the field of weather modification as if it were homogeneous, cohesive effort serves to stimulate unwarranted
fears about the consequences of application. Limited,
small-scale operations possible now with important practical benefits are frequently lumped with far-reaching
large scale operations which are only vague concepts
at the present time. A listener who has no way of telling
which end of the spectrum is being referred to is very
apt to react defensively to protect himself against the
worst possible meaning his mind gives to the words
"weather modification."
Another consequence of the suggestion of unrealistic homogeneity is the stimulation of the fear that
the taxpayer's dollar is being wasted as a number of
Federal agencies strive to build what are frequently assumed to be competitive, duplicative programs.
Let's look now at the question:

3. What are the various governmental
programs up to?

The best published answers to this question can be
found in two informative reports, the first by the
Library of Congress and the second by the National
Science Foundation. From a careful reading of these reports, one can get a pretty good idea of the scope and
nature of what was going on in 1966. Changes since
then have been mostly a matter of funding level.
Some Government agencies which have assigned missions
that are importantly affected by the atmosphere were
then and are now sponsoring studies aimed at developing improved means of coping with those aspects of
weather which interfere with their accomplishing those
missions. Others were then and are now engaged in more
general efforts designed to increase understanding of the
atmosphere and increase the supply of scientists competent to man the Nation's weather programs.
The Library of Congress report includes tabular
analyses of the pattern of participation of Federal
agencies in areas of weather modification for fiscal year
1966 and the distribution of effort by type of activity.
See Tables 1 and 2.
There are no clearly recognizable boundary lines between the various agencies' differently motivated programs. There are instead spectra of interest which in
some cases unquestionably overlap for two or more
agencies. This does not mean, however, that duplication of effort is inevitable. It may instead provide the
basis for logical transitions of effort and synergistic relationships. For example, the field experiment being conducted under Bureau of Reclamation sponsorship in
the Park Range near Steamboat Springs, Colo., was designed by E. Bollay Associates under sponsorship by
the National Science Foundation. Project Hailswath conducted under National Science Foundation sponsorship
made extensive use of men, facilities, and equipment
which had been previously assembled at South Dakota
School of Mines and Technology in connection with
the Bureau of Reclamation's program to develop the
technology of precipitation management as a water
resource tool.
One table in the NSF report shows that in the
fiscal year 1966 the Departments of Agriculture, Commerce, Defense and Interior joined with the National
Aeronautics and Space Administration and the National
Science Foundation in spending $7,034,382 on 84 identifiable projects. These were under the leadership of 81
identified principal investigators, 23 of whom were
Federal Government employees. One was a nonuniversity state employee, 42 were employed by universities,
and 15 by private research groups.
2

3

4

"Weather Modification and Control" Legislative References Service, Library of Congress, Report No. 1139, 89th
Congress, 2nd Session, Washington, 1966.
3 "Weather Modification" Eighth Annual Report, 1966.
National Science Foundation, Report NSF-67-9.
4 Ibid Appendix B, page 85.
2
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TABLE 1.*

(Amounts in thousands of dollars)
Cloud
physics

Agriculture
Commerce
DOD-Army
DOD-Navy
DOD-Air Force
Interior
NASA
NSF
Total

95
196
60
314
665

Precipitation

Hail

Lightning

35
40
1,465
581
2,121

35

140
130
95
182
547

393
428

Cold fog

30

30

Warm fog

196
60
69
25
350

Hurricanes

Tornadoes

Miscellaneous

Total

57
57

130
30
125
60
103
459
907

140
650
250
624
180
1,568
69
2,060
5,541

320
67
49
436

* From Library of Congress Report.
TABLE 2.*
Amount (in thousands)

Per cent

2,569
2,079
335
353
46
62

47
38
6
7
1
1

Basic research
Applied research
Development
Facilities
Administrative
Operations

* From Library of Congress Report.
TABLE 3.

Federal government in-house
and interagency transfer
Contracts, grants and facilities
Totals

TABLE
Reporting agency

Agriculture
(Forest Service)
Commerce
(ESSA)
Defense
Army
Navy
Air Force
Interior
(Bureau of
Reclamation)
NASA
NSF

FY 1966

FY 1967

$2,133,150
4,901,232

$ 3,033,353

$7,034,382

$10,214,204

7,180,851

4. Fiscal Year 1967 expenditures.
In-house
amount

Out-of-house
%

amount

%

Total

$250,000 100 $
0 0 $ 250,000
883,900 72 341,100 28 1,225,000
25,000 9 265,000
240,000 91
700,000 59 491,500 41 1,191,500
102,000 40 150,000 60 252,000
340,095 9 3,391,104 91 3,731,199
77,000 100
77,000
0 0
0 0 3,348,605 100 3,348,605

Similar as yet unpublished data for the fiscal year
1967 show the same agencies spending $10,214,204 on
114 separate projects. Principal investigators increased
in number to 102 of which 22 were Federal Government employees, 1 a nonuniversity state employee, 57
university employees and 22 privately employed.
Analysis of the mode of expenditure for the 2 years
reveals the following:
The continuing 30-70% split between in-house and
out-of-house expenditures taken together with the decreasing percentage of principal investigators that are
federally employed does not make much of a case for
proving overwhelming in-house Federal empire building.
That there are differences in the nature and reporting
of the various governmental programs should be kept
in mind. From Table 4 it can be seen that some of the
agencies' programs are conducted primarily in-house
while others are largely out-of-house programs. Some
use deliberately permissive grants as the funding instrument for out-of-house research while others employ contracts with carefully specified work plans. The
nature of the end products of the various programs is
desirably affected by these differences. In the complex
of total requirements there are those which can only be
generally described at present. Application of a permissive approach makes good sense in such cases. At the
other end of the spectrum are highly definable problems of development for which deadlines can be set and
for which quite specific contracting is advisable.
When the titles of all the studies being performed
or supported by the various governmental agencies are
examined, an impressively wide range is seen. A
casual survey of these titles reveals what, at first glance,
appear to be cases of duplication of effort, both between
agency programs and within agency programs. Further investigation reveals, however, that there are important differences between what is actually being done
in similar studies. For example, both the Bureau of
Reclamation and the Office of Naval Research are
supporting further analyses of the data collected in
connection with the Swiss hail experiments. The ONR-
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sponsored study supports a searching statistical examination under the direction of Prof. Jerzy Neyman at the
University of California at Berkeley. When Prof. Neyman's past analysis revealed important differences in
the rainfall experience depending on which of two forecasters were on duty to predict likely hail situations,
he turned to Prof. Morris Neiburger of UCLA for help
in finding the meteorological basis for the observed difference. It is this meteorological analysis that the Bureau of Reclamation is supporting. What may seem to
be a plowing of the same furrow by two competing
Federal agencies is actually a cooperative effort.
Similarly, the National Science Foundation supports
studies of the growth of cloud drops at UCLA and at
the University of Nevada. But one study stresses physical
experimentation while the other is a theoretical study
which stresses mathematical modeling of the cloud
droplet growth process.
In evaluating whether or not the Federal agencies
are duplicating each others efforts, it is essential to look
at the details of what, where, why and how the studies
are being done.
Difference of locale and/or differences of attack, in
most cases, provide quite adequate justification for
carrying out what may seem, superficially, to be duplicative efforts.
This leads to the question:
4. Do we have costly competition or cooperation, and
coordination in governmental programs?

No one who lived through last year's "Battle of the
Bills" can seriously question the existence of competition between government agencies. The testimony
given in the Senate hearings contains ample evidence of
the basis of this competition. One witness who has
no governmental connection or no agency loyalties not
only recognized the existence of interagency competition
but advocated its continuation in the following testimony:
"Competition is desirable.
"It is desirable to have competition in this extremely new
science. Not only competition between private segments of
society and industry and Government, but also competition
between the several operating governmental agencies. I
suggest that in giving an equal share of money to both the
Department of the Interior and the Department of Commerce, that Congress, say 2 years from now, can ask each
Department what it has done in the way of weather modification. I think through competition we are less likely to find
in evaluation reports how many regional laboratories have
been set up and how many scientists have been recruited
and how much office space has been devoted to the study
of weather modification, but rather we are more likely to
s S. 2875 introduced by Senator Clinton P. Anderson and
cosponsored by 20 other senators and S. 2916 introduced by
Senator Warren G. Magnuson.
6 Edward A. Morris, Hearings before the Committee on
Commerce, United States Senate, Eighty-Ninth Congress,
Second session on S. 23 and S. 2916, page 363 ff.
5

6

receive the evaluation based on how many acre-feet of water
has and can be produced, how many fogged-in airports
have been rendered operable, how many millions of dollars
of crop loss has been avoided by hail suppression, and how
many tornadoes have been rendered harmless. The use of
competition is the American way of approaching a problem
of this nature.
"True, the Bureau of the Budget may suggest that an
economy can be achieved by consolidating all into one
agency, but I submit that there will be very little saving
achieved by consolidating at this time. We are talking about
projects to be conducted in various portions of the country
in various types of meteorological phenomena. For example, no real saving can be achieved by having the project
to relieve the drought in the State of Maryland conducted
by the Commerce Department and the hail suppression
program in Colorado also conducted by that same Department, as distinguished from having the latter conducted
by the Department of the Interior. We certainly are not contemplating that the same scientist is going to run both
projects, or that one set of instruments is going to be able
to be used in both States at the same time. Perhaps an
instrument pool should be set up, but that can be achieved
without having everything under the control of one agency."
The evidence of competition is so clearly written in
the record that it may be hard for some to believe that
cooperation and coordination between Federal agencies
are possibilities, let alone realities. The fact is, however,
that examples of cooperation and coordination are much
more numerous and more important than are examples
of competition. Cooperation is occurring in many forms.
Interagency transfer of funds, service of Federal employees on advisory groups of other Federal agencies,
cross-agency research proposal review, equipment loans
and multiple sponsorship of field experimentation are
some of the types of cooperative effort that are taking
place daily without attracting much attention.
The record on coordination is more clearly written.
The Interdepartmental Committee for Atmospheric Sciences has directed its attention to coordination of the
various agency programs that relate to weather modification. ICAS formed an Ad Hoc Committee on Weather
Modification composed of representatives of the involved Federal agencies. This committee has met to
coordinate agency plans for the future. A coordinated
National plan is a stated but as yet unrealized goal of
this committee's effort.
The National Science Foundation annually sponsors
an interagency conference that brings workers in the
various governmental programs together for 2 days of
review of what has gone on during the past year and
what is planned for the coming year. Considerable coordination results from these get-togethers.
In addition to the formal efforts at coordination, an
informal coordination takes place at the meetings of
the various advisory groups and professional societies.
An interest in contributing to rapid progress is motivating many constructive conversations. The supply of
funds and creative brains is too limited to permit the
luxury of uncoordinated effort.
245
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The absence of major duplication and the presence of
some cooperation are important aspects of the governmental scene, but they do not constitute the basis for
complacency or smugness about the place of governmental programs in weather modification. There are
gaps between programs and underemphasized areas that
deserve attention and funding support more than do the
questions of administrative organization or controloriented coordination.
The management of the atmosphere as a renewable
natural resource is considered by an increasing number
of responsible people to be a suitable national goal.
If this goal is to be attained in a reasonable time at
reasonable expense, there must be brought to bear
greatly improved planning efforts that ensure identification of the various needs, consideration of alternative ways of meeting these needs, and careful estimation
of the money and manpower required. The required
planning effort is not apt to result from casual, general
get-togethers. The Bureau of Reclamation has made a
start in the direction of improved planning by holding
a series of working conferences aimed at identifying for
each major sector of cloud-seeding technology pertinent
to precipitation management, the present status of
knowledge, the promising avenues, and the areas where
additional emphasis is needed. Other agencies of the
government have been represented at these conferences.
The first two conferences have covered the physics and
chemistry of nucleation and the design and evaluation
of cloud-seeding experiments. The next conference,
scheduled for mid-February, will concern itself with the
production and delivery of seeding materials.
Much more careful planning effort is going to be
required in the future than has been required in the
past. Support of research and development efforts in the
future is more apt to be granted in those areas whose
advocates can present the decision makers with evidence
of something more than desire.
The scientific controversy surrounding such efforts as
precipitation management is being replaced by factual
evidence concerning the conditions under which cloud

seeding produces the desired result. This knowledge will
be a poorly usable tool until the necessary economic
and social analyses required for effective application
have been made. The governmental efforts in these
areas to date have been sincere but inadequate. Limitation of funding is not the whole reason. There has
been a great preoccupation with answering the scientific
and engineering questions involved. We have not
communicated effectively the urgent need for participation of the social scientists. There have been governmentally sponsored efforts to stimulate their interest, but
there is a need for a much greater effort in this direction. It may take a long time to solve the "people problems" the rapidly developing technologies for modifying
the weather will create. While not all of these problems
can be solved by bringing the attention of social scientists to bear, their participation in the design of operating systems should contribute to identification of those
circumstances in which the greatest net benefits are
likely to be obtained.
Similarly, there needs to be greater attention in governmental programs in regard to the ecological questions that have been raised. The initial negative reaction of the ecological community to weather modification is being modified in some quarters as ecologists
turn to serious consideration of what studies can and
should be undertaken. Departments of Agriculture and
the Interior have recognized the importance of this
area, but as yet little in the way of support has been
allocated.
5. Conclusion and summary

Governmental interests in management of the atmosphere as a renewable natural resource are widespread.
The many interested agencies bring experience and
skills to bear that would be difficult for any one of the
agencies to muster. Cooperation and coordination are
now in being. More must be clone in coordinated planning for the future if the support required to move this
important field forward is to be forthcoming.
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