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Masked Kachinas, 
Hopi Indian "Rain-makers,” 
Village of Shonghopavi, 
Arizona, circa 1900
–Library of Congress



Chief Turtle giving his interpretation 
of the Indians' storm dance, just 
before the rain came down in 
torrents, at the Indian celebration in 
Two Medicine Valley, Glacier 
National Park, Montana, circa 1920
–Library of Congress





Overview

• History of weather modification

• Science of weather modification

• Water supply and the business of weather 
modification

• Pros and Cons

• Who controls the weather?



• Cloud seeding
• Weather modification
• Weather engineering
• Weather forcing
• Climate engineering
• Geoengineering
• Solar radiation management
• Weather warfare



History Of Weather Modification (WM)
• 1860s Rainfall observed to occur after artillery fire 

used in major battles of the Civil War
• 1890s USDA cloud tests in Wash DC and West TX
• 1940s GE uses CO2 and silver iodide (AgI) to create 

ice particles over New England
• 1950s industrial and government research continues 
• 1966-72 U.S. “Project Popeye” disperses AgI nuclei in 

Vietnam, including the Ho Chi Minh trail 
• Today: weather modification used for water supply, 

agricultural, commercial, and military purposes in the 
U.S. and many other countries





Advertising poster for General Dynamics showing a stylized weather system within a beaker. 
“Exploring the universe - weather control: General Dynamics.” 

–Erik Nitsche,1957

The Rainmaker, 1956



Science Of Weather Modification (WM)
• Alteration of weather and weather patterns

– Suppression and intensification 
• Basic/Older: Cloud seeding to increase rainfall in a local area

– Nucleating agents silver iodide (AgI) or dry ice introduced into clouds 
cause water vapor to freeze or reduce to hail 

• water vapor/gaseous -> solid state

– Ground-based generators or aircraft
– Precipitation increases of about 5% to 15%

• Advanced/Newer: WM used to affect larger areas, weather 
systems
– Rain, snow, hail, clouds, fog 
– Wind, temperature, solar radiation
– Storm systems, weather patterns, space weather (communications)
– Chemicals, particles, fibers, electromagnetic, lasers
– Ground and atmospheric arrays
– Example: Injection of chemical vapors, aerosols, heating or charging of 

particles via electromagnetic radiation or particle beams





“IT IS NOT UNREALISTIC to expect that mankind will eventually have
the power to influence weather, and even climate, on a large scale.
However, the complexity of the atmospheric processes is such that a
change in the weather induced artificially in one part of the world will
necessarily have repercussions elsewhere.”

World Meteorological Organization,
Second Report On The Advancement Of Atmospheric Sciences And 

Their Application In The Light Of Developments In Outer Space 
(1963).



Water Supply and the Business of 
Weather Modification

• Water supply

• Snow-making

• Smog control

• “Have a nice day!”



“We make clouds more efficient.” “We’re really interested in making it snow in the winter 
rather than rain in the summer.” –Jeff Tilley, Desert 







“…up to 15 percent a year”













Pros and Cons of Weather Modification
• Pros

– Drought: emergency water supplies for cities 
– Long-term water supply enhancement
– Agricultural productivity, crop protection
– Wildfire control
– Military: control the battle space

• Cons
– “Rain robbing,” competing interests: one area benefits  at 

the cost of another (“extra-area effects”)
– Public policy: who decides when and where WM is allowed?
– Interference with natural hydrologic processes
– Tampering with Nature: Long-term environmental and 

health implications are unknown



Who Controls The Weather?
• To what extent are water suppliers engaging in 

WM to enhance supplies?
• Does WM impact the hydrologic cycle, 

especially “extra-area effects”?
– More water in streams, reservoirs, aquifer
– Water quality, soil, food, and health?

• Do extra-area effects and competing WM 
events cause unintended consequences?

• Is WM playing a role in climate change? 
• As climate change increases, and WM 

increases, will we create a vicious cycle?



And if…

Weather = current conditions

Climate = prevailing weather conditions

Does persistent weather modification not 
change the climate?



“In 2025, US aerospace 
forces can “own the weather” 
by capitalizing on emerging 
technologies and focusing 
development of those 
technologies to war-fighting 
applications.”

“From enhancing friendly 
operations or disrupting those 
of the enemy via small-scale 
tailoring of natural weather 
patterns to complete 
dominance of global 
communications and 
counterspace control,
weather-modification offers 
the war fighter a wide-range 
of possible options to defeat 
or coerce an adversary.”

Link: http://csat.au.af.mil/2025/volume3/vol3ch15.pdf



“In 2025, uninhabited 
aerospace vehicles (UAV) are 
routinely used for weather-
modification operations.”

“This scenario may seem 
far-fetched, but by 2025 it 
is within the realm of 
possibility.”

“…weather-modification is a 
force multiplier with 
tremendous power that could 
be exploited across the full 
spectrum of war-fighting 
environments. 
…it is clear that we cannot 
afford to allow an adversary to 
obtain an exclusive weather-
modification capability.”

Link: http://csat.au.af.mil/2025/volume3/vol3ch15.pdf
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