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Fixing the Weather and Climate: Military
and Civilian Schemes for Cloud Seeding
and Climate Engineering

JAMES R. FLEMING

Cloud Wars

The nation which first learns to plot the paths of air masses accu-
rately and learns to control the time and place of precipitation will
dominate the globe

General George C. Kennedy,
Commander of the Strategic Air Command, 1947

In 1947 meteorologists in the Joint Research and Development Board
advised the U.S. Defense Department that weather control by cloud seed-
ing was “entirely feasible” and that the perfection of this technique would
have major tactical, strategic, and economic implications. If researchers
were right, a small amount of nucleating agent could cause a chain reac-
tion in clouds that would release as much energy as an atomic bomb. Such
a weather weapon could be used surreptitiously and without radioactive
fallout; moreover, it would be unidirectional in that clouds seeded over
Europe would be carried by the westerly winds over the Soviet Union.
Note the analogies to atomic weapons: cloud seeding nuclei, cause chain
reactions forming a destructive mushroom-shaped cumulonimbus cloud
with the energy of an atomic bomb; the fall-out — precipitation — is
clean however (not radioactive). Such weapons might also be deployed
surreptitiously.!
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Military planners generated scenarios that included hindering the
enemy’s military campaigns by causing heavy rains or snows to fall along
lines of troop movement and on vital airfields, using controlled precipita-
tion as a delivery system for biological or radiological agents, diverting pre-
cipitation from one large geographic area to another to disrupt (or
improve) the agricultural economy of the nation concerned, and altering
the global climate for military purposes. Tactical possibilities included dis-
sipating cloud decks to enable visual bombing attacks on targets, opening
airfields closed by low clouds or fog, and relieving aircraft icing conditions.
In military circles cloud seeding was seen as the trigger that could release
the violence of the atmosphere against an enemy or tame the winds in the
service of an all-weather air force. Based on the military and economic
implications of the technique and the powers it promised its masters, mete-
orologists advised the military to launch an “intensive research and devel-
opment effort.”? For three decades, until 1977 when the United States
signed a United Nations” Convention condemning the use of environmen-
tal modification as a weapon of war, the U.S. military enthusiastically sup-
ported research on new technologies of weather modification and control.

Such patronage should come as no surprise for indeed, modern meteo-
rology has overwhelming ties to the military.> During World War II the U.S.
Army Air Forces and the U. S. Navy trained approximately 8,000 weather
officers. Personnel of the army’s Air Weather Service (AWS), an agency non-
existent in 1937, numbered 19,000 in 1945. About 4,500 of this total were
officers. Even after demobilization the AWS averaged approximately 11,000
soldiers during the Cold War and Vietnam eras.* In 1954 an NSF (National
Science Foundation) survey of 5,273 professional meteorologists in America
revealed that 43 percent of them were still in uniform on active duty, 25 per-
cent held U. S. Air Force reserve commissions, and 12 percent were in the
naval reserve. Thus almost a decade after the war, 80 percent of American
meteorologists still had military ties.® Most of them were operational fore-
casters who had received their basic training in meteorology during the war.
In 1958 the Committee on Meteorology of the National Academy of Sci-
ences observed that, “the percentage of meteorologists with doctor’s degrees
was the lowest of any major scientific group, while the percentage of per-
sons with no degree at all who were designated as meteorologists was the
highest of any major scientific group.”® In 1965, two decades after the war,
the military had a larger budget than the Weather Bureau ($189 million
compared to $104 million) and three times as many people (14,300 com-
pared to 4,500) in weather service and research. The total meteorological
budget of the U. S. Department of Defense (DoD) was $188.9 million in
1965. This was larger than that of any other government agency.

The General Electric (GE) Experiments and Project Cirrus

The modern era of weather modification began in the summer of 1946 at
the General Electric Research Laboratory in Schenectady, New York, when
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Vincent Schaefer dropped a block of dry ice into a home freezer unit and,
to his surprise, instantly transformed a cold vapor cloud into millions of
tiny ice crystals. After some rough calculations, Schaefer tossed six pounds
of dry ice out the window of a rented plane and seeded a cold cloud over
Greylock peak in the Berkshires, creating ice crystals and fall streaks of
snow.” According to Schaefer’s laboratory notebook, “It seemed as though
[the cloud] almost exploded, the effect was so widespread and rapid ...”8
Within a year Bernard Vonnegut (yes Kurt’s brother) of the Massachusetts
Institute of Technology (MIT), who had come to GE to count the crystals,
discovered that silver iodide smoke also seeded supercooled clouds. Com-
pleting the cloud seeding triumvirate at GE was Nobel prize winner Irving
Langmuir, senior scientist and an outspoken, enthusiastic promoter and
popularizer of large-scale weather control.® In the press and before the
meteorological community, Langmuir expounded his sensational vision of
large-scale weather control: of the arid Southwest being changed into fer-
tile farmland and of cloud seeding preventing “all ice storms, all storms of
freezing rain, and icing conditions in clouds.”*

An extremely optimistic announcement of progress in weather modifi-
cation appeared in the General Electric Annual Report for 1947: “Further
experiments in weather control led to a new knowledge which, it is
believed now, will result in inestimable benefits for mankind.”!! But cloud
seeding was becoming a controversial issue and Langmuir’s exaggerated
claims threatened to take the company into litigious territory, far beyond
the limits of normal corporate support for research.!? When one of
Schaefer’s cloud seeding attempts coincided with an eight-inch snowfall in
upstate New York (earlier the Weather Bureau had forecast “fair and
warmer”), Langmuir was quick to claim that cloud seeding had triggered
the storm. He further claimed that chain reactions could be set off in
warm cumulus clouds, that in one field trial a hurricane had changed
direction within six hours because of seeding, and that in general all mete-
orologists needed to do was find the proper trigger to release the immense
amounts of energy stored in the atmosphere.!3

GE lawyers, fearing a deluge of property damage and personal inconve-
nience suits, tried to silence Langmuir.'* C. Guy Suits, the director of
research at GE, hurriedly halted outdoor experimentation on cloud seed-
ing. He instructed Langmuir’s team to work with Project Cirrus, a classi-
fied project conducted by the U. S. Army Signal Corps, the Office of Naval
Research and the U. S. Air Force over a 1,000-square-mile area north of
Schenectady. As stated in the GE contract, the general purposes of the
project were (a) “to search for fundamental knowledge and a better under-
standing of the physics and chemistry of hydrometeor formation as an aid
in operational forecasting of both local and long range weather condi-
tions” and (b) “to investigate the practicability of and the means for cloud
modification for military purposes.”!®* The Harvard Law School Record
reported, “Today ‘Project Cirrus’ has an annual budget of $750,000 from
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military and naval funds because of its war implications — bogging down
enemy troops in snow and rain, clearing airfields of fog at lowest cost, and
infecting induced storms with bacteriological and radiological materials.
The Battle of the Bulge, in which the Nazis mobilized and attacked under
supercooled fog, could have been much altered by a few pounds of dry
ice1

Langmuir and Schaefer served only in advisory roles in Project Cirrus.
GFE’s contract stipulated that, “the entire flight program shall be conducted
by the government, using exclusively government personnel and equip-
ment, and shall be under the exclusive control of such government person-
nel” Suits notified his staff, “that it is essential that all of the G.E.
employees who are working on the project refrain from asserting any con-
trol or direction over the flight program. The G.E. research laboratory
responsibility is confined strictly to laboratory work and reports.”’7 GE’s
corporate posture was that the whole matter properly belonged to the gov-
ernment, and that the government, by suitable legislation, should both
regulate the inducing of rainfall and indemnify for loss any contractor act-
ing on the government’s behalf — especially themselves. Secretary of
Defense James Forrestal asked Congress for a law “to protect contractors
engaged in cloud modification experiments against claims for damages by
third parties.”'8 No legislation to this effect, however, was forthcoming.

Under Project Cirrus, between 1947 and 1952, scientists carried out
about 180 field experiments involving modification of cold stratus clouds,
warm and cold cumulus clouds, and a tropical storm. Although moun-
tains of photographic and other data were collected and analyzed, the
response of the atmosphere to seeding was erratic and no definitive mea-
sure of the efficacy of artificial nucleating agents was obtained." The
results from several experimental runs were spectacular, however, and the
DoD decided to continue funding projects, which continued and
expanded the work of Project Cirrus.

One such project, the joint Air Force-Weather Bureau Cloud Physics
Research Project, designed to study the synoptic aspects of cloud physics
and test the results of Project Cirrus, found that seeding did indeed pro-
duce striking visual changes in clouds, including dissipation of cold stratus
decks. However, experiments with clouds over Ohio in 1948 and over Cal-
ifornia and the Gulf states in 1949 led the researchers to conclude that
cloud seeding could not initiate self-propagating storms or relieve
drought. The Weather Bureau spent $85,000 on the project in 1948 and
$100,000 in 1949. The U. S. Air Force supplied aircraft, personnel, and
ground radar facilities.?’

Experiments in New Mexico and Secret Military Projects

Langmuir’s most fantastic claim was that changes in the weather across the
continent had been caused by a single silver iodide generator in New
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Mexico in 1950.2! The experiment, which coincided with severe flooding
in the Ohio Valley and resulted in widespread property damage and fatali-
ties, came to the attention of the highest echelons in the government and
resulted in a number of secret projects. Noted meteorologist Sverre Pet-
terssen of the University of Chicago explained the situation as follows:

For no profound reason [Langmuir] had left a silver-iodide generator
somewhere in New Mexico and made arrangements with a local person to
“burn” the generator on a weekly schedule. Using a set of readily available
weather reports, Langmuir found that the rainfall had begun to vary in a
weekly rhythm. The amazing thing was that the response was not just
local; it was nationwide and might well be of hemispheric proportions.
Langmuir, and many with him, concluded that the weekly injection of sil-
ver iodide from a single generator in New Mexico had excited a hitherto
undiscovered natural rhythm of the atmosphere ...?2

Langmuir had forgotten, or perhaps was unaware, that the atmosphere
frequently exhibits a natural seven-day periodicity.

Nevertheless, the technology seemed of such great potential, especially
to military aviation, that Vannevar Bush, former head of the Office of Sci-
entific Research and Development (OSRD) in World War II, brought the
issue to the attention of Secretary of Defense George C. Marshall and Gen-
eral Omar Bradley, chairman of the Joint Chiefs of Staff. Bradley immedi-
ately convened a “cushion committee” to serve as a buffer between the
defense establishment and the scientific community. This committee, con-
sisting of an admiral, a general, and the chief of the U.S. Weather Bureau,
Francis F. W. Reichelderfer, in turn appointed a special scientific commit-
tee chaired by Sverre Petterssen, director of scientific weather services for
the U.S. Air Force, called the “Ad hoc Committee on Artificial Cloud
Nucleation” — a name, according to Petterssen, “that did not suggest
interest in secret weapons. To add camouflage, Dr. Alan T. Waterman,
Director of the National Science Foundation, was appointed a member.”?*

At the direction of the cushion committee, and with the secret hope
that a secret weapon might emerge from this technology, Petterssen’s ad
hoc group conducted a brief survey of the state of the field and recom-
mended a program of five statistically controlled experiments to begin in
1952 “to clarify major uncertainties.”

1. The seeding of extratropical cyclones, designated Project Scud, was
sponsored by the Office of Naval Research, with flight operations
performed by the Navy Hurricane Reconnaissance Squadron, and
data analysis under the direction of Dr. Jerome Spar of New York
University. The project sought to evaluate Langmuir’s claim that
large-scale weather systems could be controlled, but the experiment-
ers concluded that, “the seeding in this experiment failed to produce
any effects which were large enough to be detected against the back-
ground of natural meteorological variance "
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2. Modification of convective clouds was sponsored by the Air Force
Cambridge Research Center, under contract with the University of
Chicago. The Air Force Research and Development Command sup-
plied flight services. Dr. Horace R. Byers, head of the well-developed
and essentially permanent cloud physics laboratory at the Chicago
Midway Laboratory of the University of Chicago, led the research
team.?® Because of ongoing funding from DoD, his physics lab was
one of the better-equipped and more completely staffed facilities in
the world. The stated purpose of this investigation was to determine
to what extent cold and warm cumulus and cumulonimbus clouds
could be modified by artificial nucleation. To obtain as many cumu-
lus clouds as possible for testing, the group worked in the Caribbean
in the winter and in the Midwest in the summer. Caribbean clouds
were seeded with water from a 450-gallon tank in the bomb bay of
an air force B-17. Statistical analysis indicated that many more
seeded clouds had radar echoes than unseeded ones, and the proba-
bility of occurrence of an echo in a cloud was approximately dou-
bled by seeding. Both water and dry ice were used as seeding agents
in Illinois and Missouri during the summers of 1953 and 1954, but
the numbers of clouds seeded were deemed too small to yield signif-
icant results.

3. The U.S. Air Force, under contract with Stanford Research Institute,
also examined the physics of ice fogs and their relation to weather
conditions at air bases in Alaska. The study showed that most ice
fogs developed from local sources of water and pollution, such as
chimneys, smoke stacks, power plants, motor vehicles, and aircraft
during warming-up operations.

4. Experiments in the dissipation of cold stratus and fog, sponsored by
the Army Signal Corps Engineering laboratories, in large part sub-
stantiated the results of Project Cirrus.

5. The Army also hired Arthur D. Little, Inc. to explore techniques for
modifying warm stratus and fog. Under Vonnegut’s leadership,
attempts were made to cause precipitation of suspended cloud
droplets by generating electrostatic forces or by adding chemical
agents to the fogs to increase their drop sizes. Vonnegut worked for
Little from 1952 to 1967 on meteorological and other problems.
Apparently, controversies surrounding weather modification were
so great that the company, like GE, did not emphasize this line of
research.?

Although this series of experiments had better statistical controls than
did Project Cirrus, they did not receive much attention and they most
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definitely did not lead to new military applications. The experiments
ended in 1954, but the final report was not published until 1957 when it
appeared in a limited circulation monograph of the American Meteoro-
logical Society. All of the reports needed to pass a security review; most of
the delay, however, was caused by the Petterssen committee itself, which
collected all five reports and insisted on revisions before publishing any of
them. The reports were out of date as they left the press.?” Moreover, the
meteorological community discounted the experiments because of their
brevity, their inconclusive results, and the primitive state of the art of
instrumentation. It seemed that the design of the experiments was not suf-
ficiently sophisticated to filter out the natural variability of the atmo-
sphere.? The optimistic position on the topic adopted by the Council of
the American Meteorological Society in 1950 was no longer supported by
the meteorological community.?® According to noted meteorologist J.
Murray Mitchell, the negative results of the Artificial Cloud Nucleation

- Committee, “encouraged the meteorological profession to ‘go under-

ground’ in weather control research,” and concentrate “on fundamental
studies of cloud and precipitation physics.”*

The Controversies Continue

While the military and Weather Bureau projects were struggling for
results, a determined and enthusiastic band of private meteorological
entrepreneurs, operating primarily in the West and Midwest, succeeded in
placing nearly 10 percent of the land area of the country under commer-
cial cloud seeding at an annual cost to farmers and municipal water dis-
tricts of $3 to $5 million.*! The spread of this technique generated
numerous public controversies that pitted Langmuir, the entrepreneurs,
and their clients against Weather Bureau skeptics and parties claiming
damages purportedly caused by cloud seeding. For example, in 1951 New
York City was facing 169 claims totaling over $2 million from Catskill
communities and citizens for flooding and other damages attributed to the
activities of a private rainmaker, Wallace Howell. The city had hired How-
ell to fill its reservoirs with rain, and at least initially claimed that Howell
had succeeded. When faced with the law suits however, city officials
reversed their position and commissioned a survey to show that the seed-
ing was ineffective. Although the plaintiffs were not awarded damages,
they did win a permanent injunction against New York City that ceased
further cloud seeding activities; further litigation stopped just short of the
Supreme Court.>

During the western drought in the early 1950s, Irving Krick,? private
weather consultant and promoter of a controversial system of ultra—long-
range forecasting, began cloud seeding operations for large agricultural
concerns. His clients included wheat farmers, ranchers, and stream-flow
enhancement projects on the Salt River in Arizona and the Columbia
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River in the Pacific Northwest. In the later project, Krick was credited by
the Bureau of Reclamation with an 83 percent enhancement of the river
flow, while the Weather Bureau considered this claim meaningless and
sought to discredit him whenever possible. At the height of his operations,
Krick’s company was conducting seeding operations covering 130 million
acres of western lands.

Of greatest concern to the military was the possibility that such unregu-
lated civilian cloud seeding could contaminate the atmosphere and render
military tests inconclusive or worse, that it could generate such contro-
versy that all testing could be stopped by litigation. In the opinion of mili-
tary legal counsel, it was “considered essential to protect the research
program from stoppage by injunction or other pressure.”** F. W. Reich-
elderfer, head of the U.S. Weather Bureau, advised the DoD that control of
weather could be even more controversial than control of atomic energy
and might offend some religious groups; unbridled controversy could
threaten “further development and progress in this field.” Vannevar Bush
thought civilian requests for participation in application of cloud and
weather modification should be referred to the Weather Bureau as the
coordinating agency.® Suits suggested the creation of a central govern-
mental agency to control weather modification. A Harvard study group
agreed and advocated spending a portion of the Atomic Energy Commis-
sion’s budget on weather modification research.’¢ A bill (S. 222) intro-
duced in the 81st Congress proposed a “Weather Control Commission,” to
be established and organized substantially along the lines of the Atomic
Energy Commission, with advisory and liaison committees. The DoD, see-
ing this as a threat to its autonomy, was strongly opposed to any laws cre-
ating such a new agency or centralizing authority in an existing agency.”’

The debate over private and public experiments in weather control
prompted Congress to establish an Advisory Committee on Weather Con-
trol in 1953. It was chaired by a presidential appointee, retired U.S. Navy
Captain Howard T. Orville.?® The committee’s report, issued in 1958, was
cautiously optimistic, concluding that increases of 10 to 15 percent in
rainfall were induced by seeding spring and winter storms in the moun-
tainous areas of the western United States. The committee recommended
more vigorous government support for basic meteorological research, spe-
cifically in solar influences, global air circulation, dynamics of cloud
motion, and the origin and movement of large-scale storms. It also recom-
mended a dramatic increase in manpower. In the light of these recommen-
dations, NSF became, in 1958, the lead agency for federally supported
research on weather modification.*

The Cold War Era: Strategy and Tactics

Although the time scales are different by many orders of magnitude, the
total amount of energy released by a single thunderstorm is equal to that
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of a twenty-kiloton atomic bomb. Moreover, a mature hurricane of mod-
erate strength and size releases as much energy in a day as that of about
400 twenty-megaton hydrogen bombs. Such impressive numbers, despite
the technical uncertainties involved in large-scale weather modification,
made comparisons between weather modification and nuclear weapons
very popular.® Since weather warfare could perhaps be conducted cheaply,
surreptitiously, and without polluting the environment with fallout, and
since the Russians were probably going to master the technology anyway, it
made good sense to military planners to attempt to control it (see Figure
9.1).

The classic Cold War pronouncement on weather prediction and con-
trol belongs to General George C. Kennedy, commander of the Strategic
Air Command: “The nation which first learns to plot the paths of air
masses accurately and learns to control the time and place of precipitation
will dominate the globe.”*! Kennedy was not alone. The distinguished avi-
ator-engineer Rear Admiral Luis De Florez, who developed synthetic
training devices for navy fliers during World War 11, had a similar opinion:
“With control of the weathér the operations and economy of an enemy
could be disrupted ... [Such control] in a cold war would provide a pow-
erful and subtle weapon to injure agricultural production, hinder com-
merce and slow down industry.” De Florez advocated that government,
“start now to make control of weather equal in scope to the Manhattan
District Project which produced the first A-bomb.”#?

Solar insolation
Hurricane (total)
World energy use
Mid-latitude cyclone
Hurricane winds
Squall fine
Thunderstorm

Nagasaki A-bomb

Powers of ten

Fig. 9.1 Energy of Selected Phenomena Expressed in A-bomb Equiva-
lents.
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Pursuing this theme, Orville, Eisenhower’s weather advisor, published
an influential article in Collier’s in 1954 that included scenarios for meteo-
rological ‘warfare. Planes would drop hundreds of balloons containing
seeding crystals into the jet stream. Downstream, when fuses on the bal-
loons exploded, the crystals would fall into the clouds, initiating rain and
miring enemy operations. The Army Ordnance Department was investi-
gating another technique: loading silver iodide and carbon dioxide into
fifty-caliber tracer bullets that pilots could fire into clouds.®* A more insid-
ious technique would strike at the enemy’s food supply by seeding clouds
to rob them of moisture before they reached enemy agricultural areas:

It is ... conceivable that we could use weather as a weapon of war-
fare, creating storms or dissipating them as the tactical situation
demands. We might deluge an enemy with rain to hamper a mili-
tary movement or strike at his food supplies by withholding
needed rain from his crops. ... But before we can hope to achieve
all the benefits I have outlined, hundreds of meteorological
unknowns must be solved at a cost of possibly billions of dollars.*

Although in Orville’s assessment, total weather mastery would be possi-
ble only after four decades of intensive research, the spin-offs from this
work, when combined with the maturation of electronic computers,
would provide a completely accurate system of weather forecasting, per-
haps within a decade: “I think it entirely probable that, in 10 years, your
daily weather forecast will read something like this: ‘Freezing rain, starting
at 10:46 A.M., ending at 2:32 PM. or ‘Heavy snowfall, seven inches, start-
ing today at 1:43 A.M., continuing throughout day until 7:37 P.M.”% This
sort of accuracy of prediction, even without weather control, would have
major consequences for military operations. Although speculative and
wildly optimistic, ruminations such as these from an official source and
threats that the Soviets were aggressively pursuing weather control helped
fuel the rapid expansion of meteorological research in all areas during the
Cold War era. With the support of Waterman at NSF, the atmospheric sci-
ences began a period of rapid growth. This is especially noticeable in the
founding of many new university departments of atmospheric science and
the University Corporation for Atmospheric Research, and in the building
of the National Center for Atmospheric Research, a national laboratory in
Boulder, Colorado.*

A Geophysical Arms Race

In January 1958, while Americans were still reeling from the psychological
impact of the launch of the Soviet’s first earth satellite, Newsweek informed
its readers that there was a “new race with the reds” in the form of weather
warfare. In the article, Orville indicated the need to keep ahead of the Rus-
sians was clearer than ever: “If an unfriendly nation gets into a position to
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control the large-scale weather patterns before we can, the result could
even be more disastrous than nuclear warfare.”*” The article also quoted
hot heads such as Edward Teller, an expert on hydrogen bombs but not on
weather control, who told the Senate Preparedness Subcommittee: “Please
imagine a world ... where [the Soviets] can change the rainfall over Russia
... and influence the rainfall in our country in an adverse manner. They
will say, ‘we are sorry if we hurt you. We are merely trying to do what we
need to do in order to let our people live””*® Cooler heads, such as Profes-
sor Henry G. Houghton, chairman of the Department of Meteorology at
MIT, expressed the same concerns: “I shudder to think of the conse-
quences of a prior Russian discovery of a feasible method of weather con-
trol ... An unfavorable modification of our climate in the guise of a
peaceful effort to improve Russia’s climate could seriously weaken our
economy and our ability to resist.”#

According to the Soviet academician Ye. K. Fedorov, the Soviet Union
was engaged in a “struggle for meteorological mastery” over nature and,
by analogy to the space race, over the United States:

mankind is ever more rapidly approaching that stage in its interac-
tion with nature in which it will require practically all the natural
resources of the earth and will need the capability to cope with ele-
mental phenomena on a large scale over the entire globe. In other
words, man is becoming master of the earth. It is evidently no acci-
dent that our entry into space coincides with this development.
There is hardly any need to argue that under these conditions all
mankind must present a united front to the world around it. There
is no other alternative. There is nothing absurd in dreams of a
‘struggle for meteorological mastery.>

Such mastery was but one aspect of the Soviet’s “Great Plan for the
Transformation of Nature,” announced by Stalin in 1948. Under this plan
the Soviet State Planning Commission controlled all activities devoted to
expanding the Soviet economy by harnessing nature: opening new farm-
land, building new cities and hydroelectric installations, establishing shel-
ter belts, and attempting to control the weather and climate. Science was
seen as a useful ally in what was considered a “war against nature on a far-
flung front”; in such a struggle, the ability to control the weather and cli-
mate was considered particularly useful.>!

By some estimates, the Soviet Union had three or four times more
meteorologists than the United States. As noted earlier, in 1965 the U.S.
military employed 14,300 meteorologists and the Weather Bureau, 4,500.
In 1969 the president of the American Meteorological Society was
informed by official Soviet representatives that the total number of
employees in the Soviet Hydrometeorological Service was in excess of
70,000. An estimate published in 1974 placed the number of employees of
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the U.S. National Weather Service at 6,000 and the number of Soviet mete-
orologists at 75,000.32

The issue of a geophysical arms race did not go away. In the late 1960s
Gordon MacDonald, professor of geophysics at the University of Southern
California, Los Angeles (UCLA), Pentagon confidant, and member of
President Johnson’s Science Advisory Committee, saw weather control,
even of severe storms such as hurricanes and typhoons, as just the begin-
ning step in an escalating game of environmental and geophysical warfare.
Potentially, belligerents could, for example, cut a hole in the ozone layer
over a target area to let in lethal doses of ultraviolet radiation, manipulate
the Arctic ice sheet to cause climatic changes or massive tidal waves, trig-
ger earthquakes from a distance, and in general manipulate the planetary
environment and its geophysics on a strategic scale.”®

Nor was the discussion total science fantasy. Military planners, perhaps
oversimplifying the problems involved, were interested in improved
weather observations, understanding, prediction, and control to support
both current and future operational capabilities. Weather and climate
modification research included both computer modeling of the atmo-
sphere and new weather satellites. Nile Blue, a computer model develope.d
by Advanced Research Projects Agency (ARPA), was used to test th; sensi-
tivity of the climate to major perturbations, including Soviet tinkering and
those caused by a major environmental war. Newsweek reported that the
United States would soon have a series of “baby moons” of its own, and
that one of the “eye-in-the-sky” satellites, designed by the Army Signal
Corps, would be used to monitor the Earth’s weather from space. Military
weather satellites would be useful in routine operational forecasting, as
support for the climate modelers, and for more esoteric missions such as
monitoring changes in global weather patterns and heat budgets, and trac-
ing the effects of nuclear tests. But while most Americans worried about
the race with the reds and the military speculated about the use of climatic
and geophysical modification techniques as strategic weapons in fut.ure
wars, operational cloud seeding was being used tactically and covertlyin a
real war — over the jungles of Vietnam.**

Cloud Seeding in Indochina
In March 1971, nationally syndicated columnist Jack Anderson broke a
story about air force rainmakers in Southeast Asia.” Several months later a
document published in the Pentagon Papers confirmed that the govern-
ment, after field trials in Laos, had begun cloud seeding operations in
Vietnam in 1967 to reduce trafficability along enemy infiltration routes.
This was done with the full and enthusiastic support of President Johnson.
The code name of the operation was POPEYE.>

Between 1967 and 1972, during the rainy southwest monsoon season,
Operation POPEYE attempted to create rain over portions of the Ho Chi
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Minh Trail in North Vietnam, Laos, Cambodia, and South Vietnam.” The
AWS conducted the mission out of Udorn Air Base, Thailand. Employing
C-130 and other aircraft equipped with racks of up to 104 silver or lead
iodide flares, the AWS flew over 2,600 sorties and expended almost 50,000
flares over a period of approximately five years at an annual cost of
approximately $3.6 million. This information, from a top secret Defense
Department briefing in 1974, was made public several days later by Sena-
tor Claiborne Pell.

Although by some reports, Operation POPEYE induced from one to
seven inches of additional rain along the Ho Chi Minh Trail, no scientific
data were collected to verify the claim.®® General William Westmoreland
thought there was “no appreciable increase” in rain from the project.*®
Even if the cloud seeding had produced a tactical victory or two in Viet-
nam (it did not), the extreme secrecy surrounding the operation and the
subsequent denials and stonewalling of Congress resulted in a major stra-
tegic defeat for military weather modification. To illustrate the point,
Westmoreland was one of only four general officers in Southeast Asia privy
to the details of Operation POPEYE. Even the squadron commander at
Udorn whose planes were being used was not informed of the mission.5
The governments of Thailand, Laos, and South Vietnam were not
informed, nor were the American ambassadors to those countries. Typical
of the cover-up during this period was the AWS annual survey report on
weather modification for 1971, which documented five fog dispersal
projects in the United States and Germany, and a rainmaking effort in
Texas, but contained no mention of Operation POPEYE.S! The prime
example of stonewalling came from Secretary of Defense Melvin Laird
who told the Senate Foreign Relations Committee in 1972 that there was
no cloud seeding going on over North Vietnam, but never mentioned that
Operation POPEYE was still functioning over Laos, Cambodia and South
Vietnam.®? .

Operation POPEYE, made public as it was at the end of the Nixon era,
was called the Watergate of weather warfare.%> But it was neither the first
use of weather modification as a weapon of war, nor the first in Southeast
Asia. On April 22, 1954 the French High Command announced, in con-
nection with the besieged French forces at Dien Bien Phu that, “it will try
to wash out Vietminh communication routes from Red China with man-
made rainstorms as soon as cloud conditions permit.”* Moreover, accord-
ing to the testimony of a former CIA agent, the agency seeded clouds in
South Vietnam as early as 1963 in an attempt to disperse demonstrating
Buddhist monks when they noticed that the monks resisted tear gas but
disbanded when it rained.®® Some former DoD consultants were politi-
cized by the revelations. One alleged (but Pentagon sources denied) that
weather modification was also attempted against Cuba during 1969 and
1970 in an attempt to cause a damaging drought.®® Another observed that
the lesson of the Vietnam experience was not that rainmaking is an
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inefficient means for slowing logistical movement in jungle trails, but
“that one can conduct covert operations using a new technology in a
democracy without the knowledge of the people.”s” The dominant opin-
ion, however, was that seeding clouds, like using Agent Orange or the
Rome Plow, setting fire to the jungles or bombing the dikes over North
Vietnam, was but one of many sordid techniques used in Vietnam.®

Some argued that environmental weapons were more humane than
nuclear weapons. Others suggested that inducing rainfall to reduce traffi-
cability was preferable to dropping napalm; as one wag put it, “make mud,
not war.” Philip Handler, president of the National Academy represented
the mainstream of scientific opinion, however, when he observed: “It is
grotesquely immoral that scientific understanding and technological capa-
bilities developed for human welfare to protect the public health, enhance
agricultural productivity, and minimize the natural violence of large
storms should be so distorted as to become weapons of war”¢ Neverthe-
less, for every prophetic call to beat “swords into plowshares” (Isaiah 2:4),
there were many more who advocated that plowshares should be beaten
into swords (Joel 3:10).

The weather modification budget as reported by DoD averaged about
$1.5 million per year in constant 1967 dollars and reached zero by 1979. In
1962, however, the only year ARPA reported its budget, the expenditures
reported were an additional $1.8 million.” A request for the weather mod-
ification and cloud physics budgets of ARPA and its successor Defense
Advanced Research Projects Agency (DARPA) from 1961 to 1978 filed
under the Freedom of Information Act resulted in a “no record”
response.”’! One unofficial source estimated that ARPA’s budget averaged
$3.3 million per year for weather modification research during the entire
period.” The cost of operational rainmaking in Vietnam, hidden from
official reports but included here, averaged another $3.6 million per year
from 1967 to 1972, or more than double the reported military research
budget. The cost of operating and maintaining the aircraft (estimated at
$1 to 1.5 million per year) and salaries and support of military personnel
engaged in cloud seeding are not included in these figures.

Outlawing Environmental Modification as a Weapon of War,

1972 to 1977

In 1972 Senator Claiborne Pell, prompted in large part by unofficial
reports that the United States was modifying weather conditions in
Southeast Asia as a part of its military operations, introduced a resolution
calling upon the United States government to negotiate a convention pro-
hibiting the use of environmental or geophysical modification activities
as weapons of war.” Testifying at the Senate hearings, Richard J. Reed,
president of the American Meteorological Society, cited earlier bans on
chemical and biological warfare and atmospheric nuclear testing, and
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urged the government,” to present for adoption by the United Nations
General Assembly a resolution pledging all nations to refrain from using
weather modification for hostile purposes.” Citing a 1972 public policy
statement of the society, he referred to the “present primitive state of
knowledge” in the field and the difficulties of controlled experimentation
during military operations. The testimony of other prominent atmo-
spheric scientists stressed the need to protect open and peaceful interna-
tional scientific cooperation.” Despite the opposition of the Nixon
administration, the Senate adopted the resolution within a year by a vote
of 82 to 10.7> Representative Donald Fraser led a parallel effort in the
House.

Feeling the growing pressure from Congress and the press, President
Nixon directed a committee of the National Security Council (NSC) to
undertake a study of possible international restraints on environmental
warfare. In May 1974 the committee presented the following options to
the president: (1) no restraints; (2) restraints on military use of environ-
mental modification techniques having long-term, widespread or espe-
cially severe effects; (3) a comprehensive prohibition of hostile use.”s The
administration favored option two.

At the Moscow summit on July 3, 1974, just after Senator Pell had
placed the top secret DoD briefing on cloud seeding in Vietnam in the
public record, President Nixon and Soviet General Secretary Brezhnev
signed a “Joint Statement Concerning Future Discussion on the Dangers
of Environmental Warfare” expressing their desire to limit the potential
danger to mankind from the use of environmental modification tech-
niques for military purposes whose effects would be “widespread, long-
lasting and severe.””” This was essentially option number two of the NSC.
Military restraint was limited to conjectural and highly impractical tech-
niques of climatic and environmental modification having long-term,
widespread or especially severe effects. By that language, more or less
operational techniques of weather modification such as rainmaking and
fog dispersal, whose effects were considered limited in time, place and
effect, were excluded from the discussion; their use in warfare was
implicitly legitimized.”

- Within a month the Soviet Union, realizing the weakness of the U.S.

position on cloud seeding in Vietnam and taking full advantage of the
Watergate crisis, seized the diplomatic initiative by unilaterally bringing
the issue of weather modification as a weapon of war to the attention of
the United Nations. The Soviet proposal did not limit the treaty to a bilat-
eral agreement, nor did it limit it to effects that were “widespread, long-
lasting and severe.” According to the Soviets, “It is urgently necessary to
draw up and conclude an international convention to outlaw action to
influence the environment for military purposes.””® The draft convention
unveiled by the Soviet Union in September of 1974 forbid contracting par-
ties from using:
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meteorological, geophysical or any other scientific or technological
means of influencing the environment, including weather and cli-
mate, for military and other purposes incompatible with the main-
tenance of international security, human well-being and health,
and, furthermore, never under any circumstances to resort to such
means of influencing the environment and climate or to carry out
preparation for their use.®

The General Assembly, taking note of the Soviet draft convention,
decided that the subject deserved further attention and, with the United
States abstaining, voted to turn it over to the Conference of the Committee
on Disarmament.?! To avoid further embarrassment, President Ford
insisted on the language of NSC’s option number two. The final treaty, the
U.N. Convention on the Prohibition of Military or any other Hostile Use
of Environmental Modification Techniques, applied only to environmen-
tal modification. The qualifiers “widespread, long-lasting or severe” had
found their way back into the convention.

The convention was opened for signature on May 18, 1977 in Geneva. It
was signed initially by thirty-four states, including the United States and
the Soviet Union, but did not enter into force until October 5, 1978, ironi-
cally, when the Lao People’s Democratic Republic, where the American
military had used weather modification technology in war only six years
earlier, became the twentieth nation to ratify it.%?

As the United States had hoped, the convention was vague and unen-
forceable. The AWS was of the opinion that the treaty’s language was so
vague that it did not affect its capabilities in weather modification at all,
and Military Airlift Command was instructed to retain its capabilities in
this area. For the military, the deciding factor was not the U.N. conven-
tion, but the fact that weather modification technology had “little utility”
or “military payoff” as a weapon of war.® By 1978, the DoD claimed that
its operational programs were directed solely at fog and cloud dispersal,
while research funding continued in cloud physics, computer modeling,
and new observational systems.

Yet Operation POPEYE was the mouse that roared, causing interna-
tional embarrassment as the United States fought to tone down the word-
ing of the convention. The close links between the meteorological
community and the military, forged during World War II and the early
Cold War, eroded over time. Faced with the complexities of the atmo-
sphere, meteorologists did not develop reliable technologies of weather
modification and control. Moreover, a new generation of university-
trained meteorologists feared that the atmosphere of secrecy surrounding
military projects would ultimately poison the atmosphere of international
cooperation needed in meteorological research. Although military patron-
age since World War 1I had provided consistent support for several genera-
tions of meteorologists, approximately two-thirds had gone to basic
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weather analysis and forecasting, while only one-third had supported the
various research specialties.

By the 1970s the atmospheric science community, no longer dominated
by the veterans of World War II, had trained a new generation of civilian
Ph.D.s who increasingly were funded by NSF and NASA. Their primary
interest was in the advancement of the discipline, not in national and
international political controversies. Many of them were aghast that the
unproven weather modification technologies were garnering adverse pub-
licity and generating such a high-level debate. They found it all quite
threatening to the free international exchange of meteorological data, to
ongoing international research programs such as GARP (the Global
Atmospheric Research Programme), and to the future of peaceful interna-
tional scientific cooperation.®

The Current Situation

Climate modification proposals have returned in force recently due to
growing apprehension that global warming is real and will have real conse-
quences. As the logic goes, if everyone is unwilling or unable to limit their
greenhouse gas emissions, perhaps a few smart people can provide a tech-
nological fix for the climate.

In 1992 the Intergovernmental Panel on Climate Change concluded
that “the unequivocal detection of the enhanced greenhouse effect from
observations is not likely for a decade or more,” a widely cited conclusion
of the 1995 report was that “The balance of evidence suggests a discernible
human influence on global climate.”® On the social end, the United
Nations Environmental Programme recently asked, “Are we overlooking
the social and political implications of climate change?” pointing out that
if scientific predictions about climate change hold true, it seems likely that
political structures and social bonds will be subjected to additional
stresses.® Several strategies of climate intervention are being pursued. The
Montreal Protocol and the United Nations Framework Convention on Cli-
mate Change represent geopolitical interventions in the climate system.
Many more policy initiatives are underway. Economics has also begun to
play a role as taxes and incentives are put in place to reduce unwanted
emissions. Meanwhile, green social engineers are attempting to convince
the general public to save the planet by reducing, reusing, and recycling.

The most immodest of the new intervention strategies involves geoengi-
neering massive technical fixes for the climate system. A 1991 National
Academy of Sciences report, Policy Implications of Greenhouse Warming,
advised that the United States should conduct research in schemes to cool
the Earth if global warming gets out of hand. Proposals included orbiting
a fleet of space mirrors or spraying sulfur dioxide into the stratosphere to
reflect solar radiation back into space, turning the oceans into soupy green
algae blooms to sequester excess carbon, or setting up gigantic “soot
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generators” to shade the Earth. Other scholars have taken a recent serious
look at geoengineering and find it attractive because in their words,
“Doubt about the prospects for cooperative abatement of global green-
house gas emissions is a pragmatic reason to consider geoengineering,
whose implementation requires fewer cooperating actors than abate-
ment.”® If this does not invoke apprehension, I don’t know what will. As
Jerome Namias pointed out in 1989, “the greenhouse effect is now firmly
part of our collective angst, along with nuclear winter, asteroid collisions,
and other widely bruited global nightmares.”

Lest we forget, agricultural, water conservation, and hydropower inter-
ests are conducting routine cloud seeding operations over about one-third
of the area of the American West (see Figure 9.2),

On a more speculative level, three announcements were recently in the
news: Beijing’s Study Institute of Artificial Influence on the Weather has
announced its intention of manipulating the weather to ensure optimum
conditions for the 2008 Olympics; a private weather company in Florida has
announced a new powder called Dyno-Gel that has the power to “suck the
moisture out of a thunderstorm or weaken a hurricane”; and finally, a recent
study by the U.S. Air Force claims that “in 2025, US aerospace forces can
‘own the weather’ by capitalizing on emerging technologies and focusing
development of those technologies to war-fighting applications.” In addition
to traditional cloud seeding methods, the U.S. Air Force visionaries propose
computer hacking to disrupt an enemy’s weather monitors and models, and
using nanotechnology to create clouds of microscopic computer particles
that could block an enemy’s optical sensors or guide smart weapons to their
targets; the cost developing these clouds is to be borne by the private sector.
In a recurring theme, the military points out that weather modification,
unlike other approaches, “makes what are otherwise the results of deliberate
actions appear to be the consequences of natural weather phenomena”®

Epilogue

As an episode in the history of science in the Cold War era, the story of
weather control contains tragic, comedic, and heroic elements. Was
weather modification a military boondoggle? an unconscionable misuse of
public funds? a political and diplomatic embarrassment? a scientific dead
end? a way of making money by taking advantage of drought-stricken
farmers? Although weather control possesses some of these attributes, and
no serious weapons were developed during the Cold War, it remains under
discussion today as a special fantasy of military planners. Weather modifi-
cation’s intellectual offspring, cloud physics, has developed into a distin-
guished specialty niche among atmospheric scientists. In the private
sector, routine cloud seeding by private companies, although providing at
best a 10 percent enhancement of precipitation, is still a flourishing busi-
ness, especially in the American West. Moreover, purposeful climate mod-
ification, as a response to inadvertent climate change, remains a
speculative, and to some a terrifying possibility.
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Fig. 9.2 Texas Weather Modification Programs as of December 2002
cover approximately one-third of the area of the state. The Texas Depart-
ment of Agriculture provided funding of $2.4 million for cloud seeding
activities in 2002 — equivalent to about 7 to 9 cents per acre. Areas with
ongoing weather modification programs (and date of founding) include: 1.
Colorado River (1971); 2. West Texas (1996); 3. South Texas (1997); 4.
Texas Border (1998); 5. North Plains (2000); 6. Panhandle (2000); 7.
South West Texas (1999); 8. West Central Texas (2001); 9. Southern Ogal-
lala Aquiver Rain-Enhancement (2002); 10. Trans-Pecos (2002). Courtesy
of Texas Department of Agriculture http://www.agr.state.tx.us/iga/
grants_funding/iga_weathermod.htm (28 May 2003). Similar projects are
ongoing throughout the American West. See, for example, Nevada, http://
cloudseeding.dri.edu/HomePage.html (28 May 2003).

The next time a line of thunderstorms rumbles out of West Texas across
the Dallas-Fort Worth area, or a hurricane veers offshore, or a sporting
event or military operation is favored with good weather, perhaps you will
remember the story of military and civilian schemes for cloud seeding and
climate engineering. Perhaps your local weather or the climate of your
region, continent, or the globe is far from natural. Perhaps someone has

already “fixed” it.
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