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Twenty-two years ago, the Western Kansas Groundwater Management District No. 1 endorsed a program 
to seed clouds to help alleviate the ever-increasing loss of sub-surface water in western Kansas. Pei- the 
provisions of the Kansas Weather Modification Act they wrote a detailed operational plan and then secured 
a license and a permit from the state of Kansas. They also had to secure their funding, which came from 
local GMD funds and special levies from the County Commissioners. They also had to locate critical 
equipment and technical expertise (borrowed from the Bureau of Reclamation) and find suitable aircraft 
(which they leased) before the program ever began in earnest. However, from these modest beginnings the 
program has gradually evolved each year into the sophisticated program it is today - operating also for hail 
suppression, authorized for nighttime seeding and owning all its own equipment, including radar, aircraft 
and building facility. 

The 1995 program began in June 1994 when the commissioners were again approached about continued 
funding. Each year the Commissioners re-consider funding and participating in the program. If they 
decide to do so, they approve the county funding, which in 1995 was an amount equalling approximately 
4.2 cents per acre of cropland plus 1.5 cents per acre of rangeland within the county. The participating 
counties in any given year comprise the "target area", which in 1995 was made up of Wallace, Greeley, 
Wichita, Scott, Lane, Hamilton, Kearney, Finney, Gray, Ford, Haskell, Grant and Stanton Counties. 
Throughout the duration of the program, as many as 16 Counties have been involved. 

t 
The 1995 program ran from May l through September 15, 1995. Each program day begins with a weather 
forecast by thep.rojectmeteorologlSt and his staffusmg dady upper air soundmgsfrom the National 
Weather Service in Dodge City, and other weather data. Usually completed by mid morning, the daily 
operational plan is then telephoned to the pilots at the sites remote from Lakin, and the daily schedule is 
formulated. A visual and radar watch then commences, with the radar measuring such data as cloud 
height, location, intensity andother physical characteristics. All readings are electronically stored for 
review and/or evaluation at a later time. When the weather is right, the appropriate number of the project's 
five aircraft are sent up to either observe the developing storm or seed it. The program currently has 4 
single engine Piper Comanches for seeding at cloud base (with wing-tip liquid fuel generators for silver 
iodide) and 1 twin-engine Piper Navajo (with a specially built dry ice dispenser) for seeding at or near the 
cloud tops. The Navajo is hangared at Dodge City while the Comanches are at Lakin, Johnson, Syracuse 
and Scott City. 

The program had 55 operational days in 1995, conducting 411 total flights and seeding for 798 hours. 
From long term data, these are above average figures for the effort. Like many years before, most program 
problems resulted in too many storms on the active seeding days, indicating the need for additional aircraft. 
The l995 Re.P°rt recommendations are largely repeatsfromthe l994 final report. There were at that time 
needs regarding hanger space, a better rainfall observer network, enlarging the field office and additional 
planes for better coverage. They also recommended lengthing the program period by at least one week in 
order to better cover the expected hail incidence period. Program expansion was suggested for the first 
time for the NW Kansas area. Finally, better radio communications between the pilots and the 
meteorologist was recommended. 

The reference materials for this article are: Final Report Western Kansas Weather Program, 
1990, published by Western Kansas Groundwater Management District No. 1, and personal interview with 
Curtis Smith, Program Meteorologist of the Western Kansas Groundwater Management District No. 1 
Weather Modification Program. 
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':｀:；盞:·'"'WEATHERMODIFICATION-ARECENTHISTORYOFNORTHWESTACTIVITY' ，

For this article the district wanted to take a recent historical look at what efforts our region of the state has dedicated to weather 
modification, concentrating on efforts beginning 面th the inception of the Bureau of Reclamation's High Plains Cooperative Prograni 
called HIPLEX. 

The state actually got formally involved in 1955 when the legislature created the Kansas Water Resources Board (KW陣）， charging

this body 面th, among many other duties, the collection of water, soil and climate data in order to develop a state water plan adequately 
written to best manage the state's groundwater, surface water and atmospheric water. The KWRB began conducting field experiments 
in Kansas during the summer of 1972. Colby was the 伍st of these three experiments, which became collectively known as the Kansas 
Cumulus P~」ect, or KANCUP. These efforts introduced the Bureau of Reclamation (Bureau) into the state as it was their radar and 
computer facilities which were used. 

In May, 1974 three sites were chosen by the Bureau to further study the effects of seeding clouds. Colby-Goodland was one of these 
areas in addition to Miles City, Montana and Big Spring-Snyder, Texas. Shortly thereafter cost-sharing agreements were formalized 
between these states and the Bureau. In general, the states were to be responsible for defining policy objectives while the Bureau was 
to handle scientific and field testing objectives. More specifically, the Miles City site was to conduct single-cloud experiments while 
the Colby-Goodland and Big Spring-Snyder sites were to conduct background data accumulation experiments in preparation for single­
cloud seeding in the future. 

Also in 1974 the Kansas Legislature passed the Kansas Weather Modification Act which became effective July l, 1974. This law 
provided for state regulation of all seeding activities conducted \\ithin the state. 

The HIPLEX activity continued at the Colby-Goodland site under the state/Bureau agreements until the middle of 1976 when there 
began a push to transform the project and integrate it 面th the operational seeding program being conducted out of SW Kansas under 
direction of the Scott City based Groundwater Management District. This push continued into 1977 面th NW Kansas getting ever 
closer to losing their Colby-Goodland site. This message was beginning to be publicized by the newly formed Northwest Kansas GMD 
4 who at their February, 1977 board meeting had already expressed sincere interest in developing an operational program in 
conjunction 面thHIPLEX.

GMD 4 began in March, 1977 polling the County Commissioners as to their interest in a local seeding program. In May, 1977 they 
also placed $5,000 in their 1978 operational budget for a possible program. At that time, Gove, Sheridan and Thomas were the only 
counties to express an interest. Decatur never discussed the issue and Graham, Logan, Rawlins and Sherman Counties voted "no 
interest". The GMD Board continued their efforts and in August, 1977 applied for a grant from the state to conduct a 1-month 
operational program during 1978. This grant was approved for $28,000. The June, 1978 program was conducted and the fmal report 
remains in the district office for public review. No further interest could be generated from the counties as the report was forwarded to 
them for review. 

The issue of operational seeding laid dormant for nearly ten years folio面ng the 1978 program. In August, 1986 the Lakin, Kansas 
project contacted this district about adding our ten-county area to the existing program. During an October regional meeting of County 
Commissioners held in Oakley, Kansas, the issue was discussed and supported by 9 of the 12 counties present. It was then decided to 
meet again to formally discuss options and alternatives. All commissioners were invited to the working session which was scheduled 
for November 5, 1986. Seven commissioners representing 4 counties (Thomas, Sheridan, Rawlins and Logan) attended, and a 
procedure was developed to assess area interest. Each County was to express, by February 15, whether or not they w皿ted a detailed 
presentation of the proposal. Wayne Bossert was to then meet 丶｀th each commission responding "yes", and fully explain the proposal 
and ask that by March 1, 1987 they decide whether or not they want to poll their voters 涇1th no obligation to that point. By April 15, 
each county was to meet again \\ith GMD4 staff to design a polling procedure acceptable to the commissioners. Finally, June 1, 1987 
was a date each county was to decide to participate or not. 

All Counties indicated "yes" to step 1, the presentation, and all counties recei\'ed a special presentation in their own commissioners' 
rooms. When March 1 came, Thomas, Sherman, Sheridan, Graham, Gove and Wallace Counties indicated they would be \\illing to 
poll their voters, while Rawlins, Cheyenne, Decatur, Logan, and Trego Counties indicated they did not want the issue taken to the 
public and they were not interested in continuing discussions. 

The next step, to meet again and design a method to poll public interest, was already undern·ay \\1th public meetings having been 
scheduled in Gove, Thomas and Wallace Counties to assess public support. These efforts were in fact unnecessary in that only six 
counties were going to remain in the program after step 3, which were not enough to operate a program. As a result, there was no need 
to continue any further, and on June 22, 1987, the proposal was abandoned. 

The prospect was revived again in 1993 as the district identified it as an important step in its developing 4-prong pro臣皿｀ to control 
water table declines. So once again an effort was mounted to sell the concept of a NW Kansas pro职皿 to the county commissioners. 
This effort got further along than any previous attempt, and actually found Sherman, Thomas and Sheridan County commissions 
agreeing to pass a funding resolution per limits identified in 1994 Final Report prepared by the Weather Modification Advisory 
Committee made up of county commission appointees. The effort finally failed again when the resolutions in Shennan and Sheridan 
County were voted down at the ballot follO\ving successful petitions in both these counties. Thomas County, as a result, never passed 
the funding resolution they had intended to. 

,' 
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BY 1995 the State Water Plan process had conducted an evaluation of the WKWMP and consequently included cost share funding to 
help local counties begin programs in the western 39 counties of the state. The issue again arose in the NW area and at the Northwest 
Kansas GMD 4 1996 annual meeting in Goodland, a group of irrigators asked the board to consider GMD funding in order to match 
with the SWP cost share money. Nineteen meetings, two public hearings, a newsletter ballot, and many personal contacts were held 
and made across the district, which ultimately resulted in 86% of the respondents supporting local funding on the water users to cover 
the local funding necessary to implement the program proposed back in 1994 by the Weather Modification Advisory Committee. In 
May, 1996, the board approved a revised 1997 operating budget that included $181,000 for weather modification. 

It is important to realize that as of May, 1996, 86% of all participants in the extensive public input process indicated support for the 
program, even recognizing that the water users would be paying the entire bill. In early 1997 (following tax statements) several 
petitions were circulated by persons opposing the program for various reasons. The petitions asked the Kansas Legislature to consider 
the process used by the local GMD and make whatever changes were appropriate to prohibit the board from being able to make similar 
decisions. The GMD board publicly expressed their disappointment in that the petitions were asking for the elimination of local 
control, which was considered to be a dangerous approach to this very local problem. 

Following the revised 1997 budget hearing which resulted in locally funding 1/2of the proposed program, the WKWMP went right to 
work and by January, 1997 put together most of the equipment needed to operate a NW facility. Three Piper Comanche aircraft were 
bought, an office was leased, a radar and tower were located and put in place, the necessary computer equipment was obtained and 
most of the pilots and program personnel were hired. 

Today we are preparing for the 1997 annual meeting to be held in Colby, which will include a board-approved 1998 proposed budget 
with $181,000 included for the continuation of the program. It should be a very interesting annual meeting for both those in favor of 
and those opposed to the program. 

The reference materials for this article are: Weather Modification Activities in Kansas 1972-1977, Bulletin 22, Kansas Water 
Resources Board; KSA 74-2608 and KSA 82a-907; Memorandum of Tri-State HIPLEX Conference, Colby, KS, dtd August 30, 1976; 
Kansas Water Resources Board letter to Rep. Tom Bevill, dtd February 22, 1977; and various GMD working files on weather 
modification. 
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I ·1．、汕 'J::··wEATHER"MODIFICATION -EVALUATING THE EFFECTS I 
When most people are frrst introduced to the concept of seeding clouds to increase rainfall and reduce hail, the frrst question asked is, 
"Does it硨 work?" The answer is, "Yes, it really works - when performed at the proper time and under the proper conditions". 
History has taught us, sooner or later, all groups sponsoring long-term weather modification programs want to know how well their 
program is working, and eventually they conduct a program evaluation. In the evaluation game, however, we must all realize that different 
programs are designed for different purposes and are all operated differently. In addition, the standard statistical methods normally used 
have changed over time, and even on occasion more "creative" evaluation methods have been used. As a result of both these facts, program 
evaluations are very difficult to compare between each other if you're trying to generally quantify how well all modification programs work. 

Normally things which can be counted and measured lend themselves well to standard statistics in which inferences are made about a 
group from a random sampling of it. Unfortunately, when it comes to something like clouds, no one knows exactly how much rain would 
have fallen from a given cloud had it not been seeded, or what size or number of raindrops or hailstones would likewise have fallen. Also, 
no one can know ahead of time exactly what amount of rain will fall over a growing season or how much hail damage to crops and property 
will occur with or without cloud seeding. 

For these reasons, and others, weather modification programs generally have to be operated many years before "suggestions" of effect 
occurs or before any statistical results are accepted by the scientific community. Total agreement within the scientific community on such 
results are rare. In attempting evaluations, researchers usually develop a "target and control" approach in w耻h an area of seeding effect is 
called the "target" and the "control" is, presumably, a nearby area unaffected by cloud seeding. Comparisons between the two areas are 
made, over time, in hopes of finding important differences between them that can be attributed to cloud seeding. Evidences of success are 
sometimes claimed through routinely collected data such as crop insurance (loss and liability), crop yields, and hail storm information 
including the sizes and numbers of hailstones, the frequency of hail events, etc. 

It is again important to point out that different operational cloud seeding programs are conducted differently. In addition, over the period of 
time for which a program is being evaluated the program itself may not remain fixed: methods of delivering seeding agent into clouds can 
c~ange; the ~ of ~ding agent may :han~e; aircraft_ n1:'_lllbers might_ ch血ge (inc~ease or d:cre_ase); and e-~~ the tar~et area s~e and 
shape may change from year-to-year. Furthermore, similar to many businesses, there can be important differences between the way 
commercial operators run their weather modification programs. Over extended time periods, 「arely do two programs with similar 
object~ves operate_ in ex~ctly _the_ ~e'!'.ay ~ ~e o~er: E~aluat!onal results, _therefore,'?~Y vary widely for man~ r:asons as we!l as from 
natural causes such as climatic shifts. Identical evaluational results are not to be expected from any two programs being compared. 

Some evaluations of current and previous programs to reduce hail and to stimulate rain are of interest: 

(l) North Dakota - This hail reduction program, which has been operated in western North Dakota since the late 1950's, has shown a 
43.5% reduction in crop-hail damage. Rainfall increases slightly less than IO% were also found. 

(2) Western Texas - An 8-year hail reduction program in the southern end of the Panhandle was found to reduce crop-hail damage by 
48% and increase rainfall around 5%. 

(3) Kenya - An 8-year hail reduction program, where the number of yearly hail days averaged nearly 200, found a 28% reduction in 
hail damage and a 12% rainfall increase. 

(4) Southwest Texas - A rain stimulation program operating in and around Big Spring since 1971, was found to have a 10.3% 
increase in rainfall through 1986. 

(5) Northern 函ece - A randomized hail reduction program operating in 1984 and 1985 found an averaged 75% reduction range for 
several hail parameters including: (a) number of hailstones; (b) maximum hailstone size; and (c) area over which hail fell. 

(6) Western Kansas - A combined hail reduction and rainfall stimulation program operating over 10-15 counties in Western and 
Southwestern Kansas since 1975. The most current evaluation for its 伍st 11-years was done differently than other evaluations and 
found that …"the suggested (hail) suppression effect is a reduction in crop-hail damage of some 25 to 50 percent". That reduction 
was found to be significant in the eastern part of the target area. Although naturally drier weather occurred during the 11-year 
period, rainfall changes were found not to be statistically significant. It was noted that only if rainfall changes were on the order of 
IO% - 15%, or more, could statistical significance be found using their methods. If rainfall changes of this magnitude would have 
occurred in Kansas, it would rank among the best results of all worldwide programs. However, it was acknowledged the program 
had many fewer aircraft than it needed to properly service the size of their target area in order to obtain the best results for both hail 
reduction and increased rainfall. 

There is no doubt that evaluations are going to continue for all such programs. Furthermore, the indications of all this work and evaluation 
clearly show that the scientific foundations of today's seeding are at least fundamentally correct. Therefore, most people in the field hold 
an optimistic future for the science of weather modification - one which can only improve its performance as more knowledge and 
experience are gained. 

^ 
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RM0DIFICATI0N-DEVELOPINGANORTHWESTKANSASPROGRAM; 、__ / 1 
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This is the last article of the district's weather modification series of press releases. In article one the 
scientific principals of seeding were explored. Next we looked at where such activities were currently 
occurring:Articles3S dealt with the Lakin, Kansas project in detail, the recenthistory of weather 
modification in Kansas and the scientific evaluations of the existing operational programs, respectively. 

This entire process was supposed to give the residents and decision-m呔ers of NW Kansas the answers to 
virtually any question they could ask regarding the subject, except for those questions regarding the 
specifics of a proposed program for NW Kansas. This last article will deal with this information. 

Being proposed is a three aircraft, NW Kansas program covering the Counties of Cheyenne, Rawlins, 
Decatur, Sherman, Thom邸， Sheridan, Graham, Wallace, Logan and Gove, which will be operated in 
complete cooperation with the existing program on-going in Lakin, Kansas. With a radar site and base in 
Colby, ~如血gaircraft would expect to bestationedin Goodland, Colby and St. Francis. The project 
meteorologist will coordinate all activities from the base, and do so in cooperation with the Lakin project 
base where practicable. This means that additional aircraft may be available for either program depending 
on the absence of seedable weather in the other's target area - a significant advantage for both programs. 

Fundingfor such a program is expected to be approximately $362,0OO.0O per yearfor the first five years 
as equipment are being bought, then reduce to approximately $250,000.00 per year for continued 
operation. For the first year of the program, the local GMO will assess district water users an additional 
20.5 cents per acre-foot of water rights to obtain 1/2 of the projected 362,000.00. The remaining 
$181,000.00 will be requested from the state water plan fund. Since the state water plan fund cost share 
support is reconsidered every year, and limited to no more than 10 years maximum, other funding sources 
will eventually need to be obtained in order to continue beyond the period of state water plan support. 

The program will simply be an expansion of the on-going WKWMP having been operated in Western and 
Southwestern Kansas for the past 22 years. Our relationship will be a contractual one with all funding 
paying for services to provide seeding support for the GMO 4 target area. All equipment will be owned by 
the WKWMP. Having but one program will allow it to operate as efficiently as possible, and will prevent 
the need to share or borrow equipment, services, or whatever. In this sense, we will be included in the 
WKWMP which will as a result have 9 aircraft to cover all or parts of 22 counties in western Kansas. 

The program will operate under the Kansas Weather Modification Act, and a state-approve<! operational 
plan ·whi-ch considers the technical integrity of the program. This plan is revised every year and can only be 
approved if the program meets all insurance, personnel and technical requirements. 

Program personnel have been working very closely with Colorado local officials to start a demonstration 
program in the very eastern areas of Colorado. If successful, this will allow our program t~ obta_in a 
Colorado permit to seed clouds well into that state. This is an important issue for the western edges of our 
program in that seeding storms coming out of Colorado early enough will improve the program benefits to 
resiaents along the state border. To date, Yuma County, Colorado has agreed to request such a 
demonstration program for 1997 and is expected to support a Kansas request for a Colorado permit. More 
Colorado support will be sought in the future. 

This concludes the series of informational articles designed to answer many questions people might have as 
they ponder the decision to support the program or not. If questions still linger, contact the GMO office at 
1175· S. Range in Colby. The phone number is (913) 462-3915. The district also maintains a home page 
on the internet which has periodic update information regarding this program in addition to much other 
information. The U矼 is "http://colby.ixks.coi:n/~wbossert". 
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SUMMARY OF THE KANSAS WEATHER MODIFICATION ACT 

KSA 82a-1401 and sequence 

82a-1401: Title 

82a-1402: Definitions: 

Board means Kansas Water Office; 
Person means natural person, partnership, organization, corporation, municipality or any 

department or agency of the state 
Research & Development Operation means an operation conducted solely for scientific & 

technical knowledge 
Weather Modification Activity means any operation or experimental process trying to induce 

change in the composition, behavior or dynamics of the atmosphere. 

82a-1403: The board is responsible for administering the act, and can make rules and regulations, 
issue licenses and permits, conduct hearings, and enter into contracts. 

82a-1404: Repealed 

82a-1405: The board may issue licenses per the act. Each project needs its o,vn license, and can be 
comprised of one or more specific activities . Each permit shall describe: Geographic area of 
activity and affected area, and project duration. A license is issued only after the project is 
determined to provide substantial benefits or that it will advance scientific knowledge. 

The board can also make investigations or studies to help it administer the act, and can hold 
hearings at their discretion. 

The board can also expand its knowledge, pending funds, by research efforts in: Weather Mod 
The_ory; use o~ weathe_r mod for beneficia~ yurp~s~s; p~otect!on ?f life, health, property and the 
environment. It can also accept grants, gifts and donations for these purposes or the 
administration of the act. 

The board can also contract for weather mod activities to seek relief from droughts, hail, 
storms, fires, fog or other weather conditions. 

82a-1406: No person shall engage in weather mod activities without a permit and a license, or shall 
violate any term of their permit and license. The board may also exempt research and 
emergency activities from the required fees . 

82a-1407: A license shall be issued to all who: apply in 、vriting; pay the license fee; demonstrate they 
posse:sthe skill and experienceneededand demonstrate thattheyhave either: 8 years of 
experience (3 years as a project director); have a related college degree and 3 years of 
experience; or have a related college degree, 25 hours of meteorology and 2 years experience. 

82a-1408: $100.00 license fee set for each year. 

82a-l 40?.: License ~an be su_s~ended if pe_m1it _conditions v~o!ate~, fr!ud,~3:s used t~ obtain -~e 
license, negligent activity occurred or the act was violated. Complaints against any licensee 
f!lUSt be fil叫 in 画ting, specifyingthecharges. Theboardthenmaysethearings conceming 
the revocation of the license allowing the pennit holder 30 days to respond. 

82a-1410: Appeals for aggrieved persons. 
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82a-l 4 l l: Pennit also conditioned upon: 1) proof of ability to respond to damages or accidents 
arising out of conducted activities. Must have a minimum of$50,000 coverage against bodily 
injury or death; $100,000 against bodily injury or death of two or more persons; and $100,000 
against property damage to others. State agencies and municipalities are exempt; 2) 
submission of a complete operational plan containing infonnation as to how the program will 
be run, its objectives, target area, envirorunental statement of effects, the method(s) to be used 
to evaluate the program, and any other infonnation required by the board; 3) publishing 
notice of intent to engage in seeding activities and conduct of a public hearing to hear all 
comments; 4) if a project for profit, demonstration of the economic benefit to the area; 5) if 
a project for research, demonstration as to how the project will expand knowledge; 6) an 
approved statement of the safeguards to protect public property, health, and welfare; and 7) 
an approved statement of how the project is designed to minimize risk and maximize economic 
and/or scientific gains. 

82a-1412: Operations can take place only under the direction of the licensee. 

82a-1413: $100 fee shall be remitted to state treasurer and deposited to the state general fund. 

82a-1414: A separate pennit required for each calendar year activity. An emergency pennit can be 
issued by the board without prior publication under certain instances. 

82a-1415: The pennit may be revised, suspended or modified by the board if the licensee is first 
notified and given a chance to respond, or an emergency exists which warrant such 
amendments. A licensee's refusal to comply with any such order shall be grounds for 
immediate revocation. It is the responsibility of the licensee to notify the board of any 
expected or anticipated emergency situations. 

82a-1416: Licensee must confine operations to the conditions of the pennit. 

82a-1417: Must file reports required by the board . The board shall establish reporting guidelines and 
provide fonns, etc. 

82a-1418: Board may suspend or revoke a permit if the licensee no longer meets the operating 
qualifications. The board may also refuse to renew any license or issue any permit to any 
person failing to comply with the provisions of the act. 

82a-1419: Board cannot suspend or revoke a license or pennit without reasonable notice and 
opportunity to be heard. 

82a-1420: State agencies and county and municipal employees shall be immune from liability resulting 
from activities. 

82a-1421: Board may issue a cease and desist to anyone illegally operating. 

82a-1422: The fact that a pennit and license is issued does not absolve anyone from damages they 
may cause. 

82a-1423: Makes it a class B misdemeanor to illegally conduct activities, make false statements to 
obtain a license, fail to file required reports, or otherwise operate outside the permit and 
license. 

82a-1424: If any portion of the act is found invalid, it shall not affect the remainder of the act. 
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82a-1425: County commissioners may participate and may levy a tax not to exceed 2 mills upon 
assessed property to fund such activities, after sufficient public notice which must include 
information about the amount and duration of the levy. The act does exclude counties with 
population more than 180,000 but less than 220,000 and an assessed valuation more than 
350,000,000 but less than 365,000,000 from this assessment authority. A petition of more 
than 5% of the qualified electors of a county filed 、vithin 60 days of the last publication will 
bring the issue to a county vote where a majority must approve it. Finally, commissioners may 
spend other funds on weather mod as well. 
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