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WKWMP History
An early objective of the WKGMD #1 

• Organize, design and implement a perennial 
weather modification program

• The decision to implement such a program 
came after a through review of results from came after a through review of results from 
the Kansas Cumulus Project (KANCUP) as 
well as other positive results from seeding 
programs in North, South Dakota and 
elsewhere



WKWMP History

• WKWM Program objectives are to:
– Seed clouds while crops are being planted, 

grown and harvested
– Decrease the occurrence of crop-damaging hail 

by seeding thunderstorms
– Optimize areal rainfall by seeding selected 

clouds in the absence of severe weather
– Demonstrate the feasibility and effectiveness of 

an operational seeding program on the Western 
High Plains 



WKWMP History
• In 1975, the weather modification program 

was formed and was first known as the 
Muddy Roads Program before becoming the 
WKWMP

• 1975 - 1996 avg. 12.5 counties and 4 aircraft • 1975 - 1996 avg. 12.5 counties and 4 aircraft 
per year  

• 1997 - 2000 avg. 17 full counties, 6 partial 
counties and 9 aircraft per year 

• 2001 - 2008 avg. 11 counties and 4 aircraft 
per year 



2008 Western Kansas Weather Modification Target Area
7,544 mi2 Coverage Area



WKWMP Funding Structure
• Funding

– Program funding comes from three sources:
• Participating Counties

– 5.2 cents/acrefor cropland, 2.2 cents/acrefor range
– 1990 was the last year an increase in county assessment was made

• Groundwater management districts:WKGMD #1 and WKGMD #3
• State of Kansas (1997-2008)

– WKWMP became a part of the State Water Plan– WKWMP became a part of the State Water Plan
– State provided $10K to the WKWMP for each participating county if 

that county provided at least $10K to the WKWMP (1997-2001)
– State provided nearly 50/50 match funding to that of the groundwater 

management districts (2002) 
– WKWMP remained part of the Kansas Water Plan in 2003 but State 

funding was cut that year. 
– State funding was reinstated in 2004 at $120K for each year from 2004 

to 2006and $240K for 2007 and 2008
– State funding proposed at $240K for 2010 fiscal year (2009 op. year)



Supercooled Region

-40C, -40F

= ice crystal, 
ice nuclei

= hailstone 
(large)
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Natural Cold Cloud and 
Hail Formation Description 



-40C, -40F

= ice crystal, 
ice nuclei

= hailstone (small)

Supercooled Region

ice crystals only
Physics of Seeding

0C, 32F
water, ice crystal, hailstones

water particles only

= liquid water particle

Cold Cloud Micro-physical 
Changes Due to Cloud 
Seeding  (Hail Suppression)

Desired Result: smaller 
hail and increased rainfall



• Dry Ice - dropped at 5 lbs/min. while penetrating new 
growth clouds at -10C

• Silver Iodide-based (AgI)
– Liquid---seeding agent burns 6 gallons of solution in 

wing generators in 2 hours, 10 minutes; contains a 
mixture of AgI, NaI, NaClO, C H Clmixture of AgI, NaI, NaClO4, C6H4Cl2
(paradichlorobenzene) and Acetone. Vaporizes to 
approximately 10E+14 (100,000,000,000,000 nuclei 
per gram of AgI vaporized by burning)

– Solid---flares burn 2 minutes, 24 held in wing rack of 
each aircraft operating at cloud base













Hail Suppression Evaluation
Western Kansas Weather Modification Program

Kansas Water Office (1994, 2006 and 2007 RMA evaluations)

• Seeding agents and delivery:AgI and dry ice by aircraft
• Target Area for 1994 Study:Finney, Ford, Greeley, Haskell, Kearny 

and Lane counties (counties that had fully participated in the program 
each year from 1979-1993)

• Control Area for 1994 Study:Cheyenne, Rawlins, Decatur, Norton, • Control Area for 1994 Study:Cheyenne, Rawlins, Decatur, Norton, 
Sherman, Thomas, Sheridan and Graham counties in NW KS and 
Yuma, Kit Carson, Cheyenne, Kiowa and Prowers counties in E. CO

• Target area for 2006, 2007 Studies: Finney, Ford, Greeley, Haskell, 
Kearny and Lane.

• Control Area for 2006, 2007 Studies: Cheyenne, Decatur, Rawlins, 
Sheridan, Sherman, and Thomas counties in NW KS plus Morton and 
Stevens counties in SW KS.



Hail Suppression Evaluation (contd.)
Western Kansas Weather Modification Program

• Method of Evaluation: lost-cost ratios, liabilities vs. lost-
cost and target vs. non-target comparisons

• Results:

– A 27% to 35% reduction of crop-hail damage 
significant at the 5% level (the decrease in damage was 
directly due to seeding)directly due to seeding)

– A benefit-to-cost ratio of 10:1 to 37:1 (based upon crop 
yield)

Based upon these positive results, the WKWMP became part of the State Water 
Plan and the State began providing additional annual funding through the KWO  
beginning in 1997



Comparison of Hail Suppression Programs

CANADA
Alberta KANSAS NORTH DAKOTA

Program Years 9 34 49
Current Target
Area Size (sq.mi.) 10,618 7,544 10,500Area Size (sq.mi.) 10,618 7,544 10,500
Avg. Annual
Program Cost $2.3 M $571,000 $727,000
Estimated Total
Savings

$133 M
(7-yr study period) $27 - $60 M $33 M

Savings/
$ Invested 8 10-37 35

Note: Canada program is targeted to property/casualty loss



Premium / Liabilities (Rate):  Target Area vs NWKS Control Area
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Conclusions and Remarks
• Damaging hailstorms are extremely frequent over 

W. KS inflicting millions of dollars of damage 
each year to agriculture, property and wildlife.

• For 34 years, the main focus of the WKWMP has 
been to address the hail problem and economic 
data supports our efforts:data supports our efforts:
– 27%-35% reduction in damaging hail
– 10:1 - 37:1 benefit-to-cost ratio
– lowered insurance premiums within the target area



How Cloud Seeding Supplements the 
Goals of Groundwater Management

• Cloud seeding can be an effective water resource 
management tool by:
- Rain Augmentation helps to recharge watersheds as 

well as decrease  the depletion of groundwater for well as decrease  the depletion of groundwater for 
irrigation 

- Hail Suppression  decreases the occurrence of  crop-
damaging hail.  As a result, the groundwater used for 
crop production is not wasted.
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