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Weather Modification Around the World 
42 Countries with active cloud seeding 

programs 



Cloud seeding programs in the USA 
36 active weather modification programs 



Activities since 2011 
• Apart from 42 countries with active weather modification 

programs the committee provided advice to the following 
countries: 

• Ecuador, Chile, Mexico, Costa Rica, Jordan, Iraq, Brazil, Kenya, 
Senegal, Qatar and Sultanate of Oman 

• China by far has the largest investment in both operational 
programs and weather modification research programs. Every 
province except one has an active weather modification 
program in China. 

• There are now several operational programs around the world 
that have conducted cloud seeding annually for more than 50 
years without interruption. In the USA and Australia these 
programs are mostly supported by hydro-electric power 
companies.   
 



Activities since 2011 
• After China the USA, Thailand and India have the largest 

investment in operational weather modification programs.  
There are currently 36 active operational weather 
modification programs in at least nine states located in the 
western United States with often times multiple cloud seeding 
projects in the individual states(California, Nevada, Utah, 
Idaho, Wyoming, Colorado, North Dakota, Kansas and Texas).  

• While funding for weather modification has increased over 
the past five years in the USA it is still well below the levels in 
the 1980’s. India is currently one of the largest investors in 
weather modification research with a major multi-year 
program (CAIPEEX) conducted by the Indian Institute of 
Tropical Meteorology in Pune, India. Thailand is also 
embarking on a major research effort in this area. 
 



Activities since 2011 
• Two major research programs in weather modification to enhance 

snowpack are currently ongoing in the U.S. namely in Wyoming 
(Including modeling and field work in part funded by the National 
Science Foundation) and Idaho (modeling funded by Idaho Power). 
A smaller research project has been started in the State of Texas. 

• Israel: These programs have generated extensive discussion in the 
scientific literature. Based on the extensive experience gained in the 
past, a new research experiment (Israel IV) of randomized 
orographic seeding that will start in the winter of 2013-14 will be 
conducted in the north of the country. Based on the 
recommendations of the WMO statement on whether modification, 
the experiment is designed and the results will be analyzed by 
independent prominent statisticians. Thus a complete separation 
will be achieved between experimental design, operations, data 
collection and analysis. 
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UW Cloud Radar  
• 3 mm (95 GHz, W-band), dual-polarization 
• pulse width: 250-500 ns 
• max range: 3-10 km 
• volume resolution @ 3 km range: < 40 m 
• minimum detectable signal (@ 1 km): ~-30 dBZ 
• Cloud droplets are much smaller than ice crystals, 

thus in a mixed-phase cloud, reflectivity is 
dominated by ice crystals. 

Presenter
Presentation Notes
The profiling mode allows a view of precipitation down to ground level, and an interpretation of the fine-scale structure of vertical velocity and reflectivity above and below flight level, in the context of flight-level measurements of supercooled water and ice characteristics. Vice-versa, it allows an interpretation of flight-level data in the context of the vertical structure of the orographic precipitation. 

http://www-das.uwyo.edu/wcr/mmradar.pix.shtml


Fixed flight pattern, flown repeatedly  
in each storm, both with and without AgI seeding,  
 



WCR reflectivity difference: SEED - NOSEED 

Seeding increases the probability of high reflectivity (>10 dBZ) & 
decreases the chances of lower reflectivity 

storms tended to be deeper 
during NOSEED legs 

entire legs, legs 2345, 7 days 
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Continental versus maritime rain drop 
sizes (Wilson et al., 2012) 

 



Geo-Engineering 
• ICCP in IAMAS prepared a statement on Geo-engineering 

related to solar radiation management through clouds. 
• National Academy of Sciences recently commissioned a 

study on Geo-engineering sponsored by CIA, NOAA and 
NASA focused on solar radiation management and carbone 
dioxide. 

• AMS also in the process of developing a statement  on Geo-
engineering. 



Geo-Engineering (ICCP Statement) 
The International Commission on Clouds and Precipitation 
recommends: 
• That further research is pursued to better understand the 

fundamental science and possible efficacy of radiation management 
climate engineering schemes. 

• That climate engineering research be conducted in an open and 
independent manner that engages public participation, and is used 
to properly assess the potential risks involved. 

• That research activities must include studies of the human impacts, 
ethics, legal and political impacts of climate engineering 

  
Given the poor state of the current knowledge on clouds, aerosols, 
precipitation and their interactions, the ICCP does not support the 
implementation of climate engineering and does not expect that 
climate engineering can solve the global warming problem.  



Geo-Engineering (NAS/NRC Study) 
The study will:  
1. Evaluate what is currently known about the science of several (3-4) 

selected example techniques, including potential risks and consequences 
(both intended and unintended), such as impacts, or lack thereof, on 
ocean acidification, 

2. Describe what is known about the viability for implementation of the 
proposed techniques including technological and cost considerations,  

3. Briefly explain other geoengineering technologies that have been 
proposed (beyond the selected examples), and 

4. Identify future research needed to provide a credible scientific 
underpinning for future discussions.  

The study will also discuss historical examples of related technologies (e.g., 
cloud seeding and other weather modification) for lessons that might be 
learned about societal reactions, examine what international agreements 
exist which may be relevant to the experimental testing or deployment of 
geoengineering technologies, and briefly explore potential societal and 
ethical considerations related to geoengineering.  



Trust Fund  
• Since 2010 the committee has been dependent on a WMO Trust Fund to support 

its activities. A request was sent to the Permanent Representatives of the WMO 
countries to request them to contribute to the fund. The reaction to this request 
has been extremely limited.  

• Considering that weather modification activities in most countries are conducted 
outside the auspices of the Meteorological Services in separate government 
departments it is not surprising that very little response was received form the 
Permanent Representatives of members of WMO.  

• This may call for a different approach to obtain funding for the Trust Fund 
supporting the committee work by directly identifying the entities that are 
involved in weather modification activities and then approaching them through 
the PR’s. 

• Currently working with NOAA and the U.S. PR to approach organizations involved 
in weather modification activities to obtain funding. 

• Working with other committee members and WMO to approach similar 
organizations in other countries. 

• Except for China all other Weather modification activities are operated outside 
Meteorological Services. 

• Meteorological  Services are are often asked to provide advice and most of the 
time refer to the WMO statements  



Future Plans 
• Committee meeting in China in October 2013 

sponsored largely by CMA Training Center on 
Weather Modification 

• Conduct a review of weather modification activities 
and science and publish as book or report. 

• Request from AMS to potentially organize a 
combined WMO-AMS Weather Modification/Geo-
engineering conference in 2015. 

• Draft a recommendation on a potential statement on 
Geo-engineering 
 


	WMO Expert Committee on Weather Modification Research
	Weather Modification Around the World�42 Countries with active cloud seeding programs
	Cloud seeding programs in the USA�36 active weather modification programs
	Activities since 2011
	Activities since 2011
	Activities since 2011
	Recent Scientific highlights
	Recent Scientific highlights
	Slide Number 9
	Fixed flight pattern, flown repeatedly �in each storm, both with and without AgI seeding, �
	WCR reflectivity difference: SEED - NOSEED
	Slide Number 12
	Continental versus maritime rain drop sizes (Wilson et al., 2012)
	Geo-Engineering
	Geo-Engineering (ICCP Statement)
	Geo-Engineering (NAS/NRC Study)
	Trust Fund 
	Future Plans

