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Backaround

Research ef forts directed toward the development of a weather modification capa=
bility in South Dakeota have bsen underway for approximately 10 ysars, South Dakota School
of Mines, Institute of Atmospheric Sciences, has besen active under the sponsorship of the
Bureau of Reclamation since 1963, Their program has considered a broad rangs of problems
both in the laboratory and in the fisld, Their activities have encompassed hail suppression
research and rain increase experimentatien, and involved scales of both individual cloud
size and areal applications. The results of thess research sfforts led in 1968 to the de-
velopment of & pilot project in North Dakota to test the applicability of the results on
an operational basis. Specific results from their areal testing programs indicated that
increases of 10 to 20 psrcent could be achisved during the growing season, which in the
case of South Dakota amounts to one to two inches during the period from May 1st through
September ist,

The efforts of the Institute of Atmospheric Sciences researchers reinforced and
quantified the results obtained by locally sponsored groups operating on the basis of pro-
duction of additional water or hail suppression only. Thess sarly efforts began in thas
1950%s and included varying degrees of esvaluation. Since the projects were funded by
voluntary contributions during ths early part of the 1950%s, very little emphasis was
placed on svaluation., More emphasis was placed on actual opsrations to produce additional
rainfall,

Following the early voluntary efforts, mors organized activity took place under
county sponsorship. This beceme possible.through the passage in 1963 of a law which per-
mitted counties to support weather modification activities on the basis of a tax lsvy on
assessad proparty valuation. This was done on an individual county basis, and occasionally
multi-county projects would develop as a result of cooperative agreemsnts. Based on pre-
vious records of the degree of this kind of activity, an averagse of one hundred thousand
dollars per year was spent by individual counties over the roughly nine year period, The
1971 funding level was approximately one hundred thousand dollars by seven counties,

An informal evaluation of these county sponsored efforts was made by Marion N,
Bruce of the South Dakota Weather Control Commission (WCC). He noted in his evaluations
consistent increasss by the various county efforts. His method of evaluation involvsd tar=-
get and control comparisen using long term precipitation means., In 1971 a more arganized
effort to evaluate thess studies was conducted by the lWeathsr Contrecl Commission, A con=
tract was awarded to the Instituts of Atmosphsric Sciences, South Dakota School of Mines,
to evaluate the county projects, again using target and centrol technigues. They noted, as
a result of their study, that increases in precipitetien wsre shown for all four of the
county projects active in the state during that summer ssason., Assuming that there was in-
dependence of events,; chancas of increasss in all four projects occurring naturally were
of ‘the order of one in 64,

The results of all these efforts, both research and operational, by the counties
led to legislative action at various times. In 1953 the basic wsather modification law
which established the Weather Control Commission was passed by the state lsgislatura, In
1963 a law to permit counties to levy up to one mil general tax on assessed valuation to
support weather modification was passed. Enabling Legislation for a statewide program was
passed in 1971, This legislation also includsd an appropriation of an adequate amount of
money to provide for the design and astablishment of a statswide program during the first
year, In 1972 the legislature passed an appropristion for initiation of the statewide pro=-
gram on a Limited scals.

i/ Prasented at the Western Snow Conference, Phoanix, Arizona, April 18«20, 1972

2/ Director, Weather Control Commission, State of South Dakota, Pierrs, South Dakota
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Organizationsl

Preliminary indications in 1971 were favorable to the establishment of 2 central-
ized state activity. The basis for this state activity is the Weather Control Commission
whose structure involves a broad rangs of functiens and activities. These functions and
activities are set by law, and are provided with ths assistance of advisory groups of a
technical and non-technical nature. The organizational structure developed to provide for
all of the functions required is shown in Figure 1.

The Director of the Weather Control Commission is responsible to carry out a
statewide program of weather modification to provide an economic benefit through rain ine
crease and hail suppression. In the development of an organization to accomplish the re-
sponsibilities for such a state program, it became apparent that it would be desirable to
develop the effort on the basis of a cooperative state and local program. This desirability
was indicated both by attitude studies conducted by various sociological groups and by ex-
perience on previous programs. It was indicated that local state cooperative efforts would
be desirable not only for decision=-making but in the funding of such programs, Local parti=
cipation in the program is based on the county structure. Thers are several reasons for
this organizational arrangement. Primarily the counties have the autheority te fund weather
modification programs on a tax levy basis. This then provides for the cost=sharing aspect
of the organizational program. In addition, the use of county organization provides for
participation by elected officials who are in contact with local groups and individuals
throughout the entire program. Further, the local organization makes use of advisory ser=
vices from various farm related organizations such as Conservation Districts, Soil Conser-
vation Service and Extension Service, in ordsr to provide for observations and advice on
the operation of the program from the standpoint of farm operations,

The specific project organization based on the cooperative state local concept is
developed on the basis of 2 number of physical and sociological criteria, The physical cri-
teria was bassed on both agricultural practices and weather modification technological
capabilities, It became readily apparent that the decision regarding the weather modifica=
tion operations in a particular area would need to be somewhat uniform or at least rspre-
sent a general sort of a criteria. For example, decisions in a particular area are easiest
to make for homogénous crop patterns. Therefore, the state was divided into a series of
arsas in which cropping patterns were essentially similar and for which uniform wsather
modification dacisions could be made. It becams readily apparent when the topography and
climatology of ths state were studied that the cropping patterns and agricultural patterns
are quite different from one end of the state to the other, Thereforse, it was important
that the projects that are developsed be in tune with the needs and desiras of a particular
area,

From an equipment and technological standpoint the size and shapse of the various
areas or districts, as they became known, to be develeped were dependent upon the capabili-
ties of the aircraft and radar proposed for use in the project. For example, the standard
meteorological weathsr radar system that is available commercially has an effective range
of about 50 to 60 miles. Utility class light aircraft travel at speeds permitting coverage
of 75 to 150 miles within the time scale feasible for successful convective cloud opera=
tions. The final result of the varicus criteria that were developed was a concept of multi-
county weather modification districts, These districis wers designed on the basis of county
boundaries to fit roughly within a 100 mile diameter circle, Within that circle an adminis-
trative and technical organization was developsed on the basis of local-state cooperative
efforts whereby participation by an individual county was requested by county commissioners,
Figure 2 portrays the districts active for the 1972 season.

Program Status

Funding for the program has bsen obtained from various sources. By legislative
appropriation the state gensral fund will provide $250,000 for the support of fisld activie
ties during the 1972 summer season, This funding represents 75% of the cost of operation,
local support for funding from counties will amount to  approximately $100,000 during the
1972 season. These monies are developed on the basis of tax lsvy and they repressent approx-
imately 25% of the total cost of operations, Tetal state and county funding for 1972 repre-
sent support for phase one of ths program which treats approximately one=third of the state.
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Federal support has been indicated from two federal agencies. The Bureau of
Reclamat ion and the National Oceanic and Atmospheric Administration are both participating
in some aspects of the program. This support is provided primarily in the form of services
and must be used for ressarch and evaluation purposaes, None of the federal funds can be
used for the operational aspects of the program,

Development of the program is basad on a phase or stepwise approach with partial
coverage during the 1972 season. Phase one during the 1972 summer season represents partial
scale activities. A total of 38 counties have reguested participation in the program, Of
these 38 countiss a total of 21 will be included in ths form of Districts I and II, Three
other districts have been organized, and are currently awaiting participation in the pro=-
gram during thes 1973 summer season.

Invitations to bid on contract for services for 1972 wers sent in February. These
invitations to bid included contract services fur radar, aircraft and perscnnel needed for
the variocus project areas during the summer. The invitations were sent to approximately 26
individuals and firms. Bids were received based on thgse invitations on March G, end a
puint rating system was used to svaluate the successful bidders. This point rating system
and the point awards were reviewed by a committes on March Bth, and contracts were subse=-
guently awarded,

Personnel for the operational progrem will be provided directly from the Director's
3ffice of the Weather Control Commission and by contract, It is anticipated that the State
Director's office will consist of a small staff of technical and supervigory psople. Cur-
rently a Director and Assistant Director comprise the professional staff, a contract super-
visor is anticipated for field work and a secretary completes the staff.

The field cperations staff will be provided for by contract, This staff will con-
sist of a District Meteorslogist, who is the key man on the working team, a radar operator
and three pilots to man the aircraft in each district. Experiencs has been stressed heavily
as being the key to all staff members during this first year,

Advisory assistance for the program will be obtained from various agencies. The
Bureau of Reclamation has provided advisory assistance both directly through its staff and
by means of the time share computer system that is being provided to the fisld project.
The National Weather Service is providing assistance both directly in the form of radio=-
sonde observations at the Huron Weather Station during the month of May and through a
grant tuo the Institute of Atmospheric Sciences to dsvelop radar evaluations of weather
modif ication activitises, Additional advisory assistance and obsarvations are provided by
local farm and county groups within the target areas.

Proposed Operational Procedures

State level activities will be concentrated on tha general aspects of the state-
wids program. For example, the initial design and specificatiocn for project operations
has been devaloped by the Office of tha Dirsctor. This design consists of uniform criteria
and equipment for each individual district, The Director'’s 0Office also provides coordin=
ation for interdistrict cooperation whenever weathser systems are common to more than one
district. In addition, the State Director's office provides for all contracting activities.
In this way single contracts for all radar and aircraft and personnel are awarded. Con=
tract performance monitoring is provided by the State Director's office. Testing will be
accomplished to determine if criteria for contracts are followed. Finally, the Stats
Director's office will provide for communication activities., This is particularily impore-
tant where interdistrict activities are required. In general over=-all supervision of all
activities will be by the State Director'’s office.

Fisld operations themselves are carried out by contract personnel. Seeding activi-
ties ars conducted on a 24-hour-a-day, seven-days-a-week basis, and the individual seeding
gvents are directed by the District Metsorologist. Thus, the importance of having expsri=
enced personnel in this position is apparent. The activities will involve both rain in-
crease and hail suppression, and the primary emphasis of the seeding will bs on cold cloud
activities,
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Assistance from the State Director®s offics For daily fisld operations will be
provided to the districts in the form of forscasts on a twice daily basis, These forecasts
will specify seeding ocourrences and use modsls to indicate the various different modes
and types of activity. This forecast service is providsd on a contract basis through the
Institute of Atmospheric Sciences of the South Dakota School of Mines. In addition the
State Director's office is working through subcontract to develop conceputal models which
will portray seeding conditions. In essence these conceptual models will be based on re-
search results available to dste, and will specify the criteris used to define seedability
of occurrences. These conceptual models will alse includs information from the various
computer models used to define ssedability.

A communications network will be developed with primary emphasis on a telephone
link betwssn the various statiocns and sites, Also thers will bs a projsct radio system in
the VHF bend to provide for communication both air to ground and air to air during the
seeding operations.

The State Director’s office will supply sesding materials under a bulk order con=
tract. The seeding materials consist of silver iodide-amonium icdide-acetons mixes and
cloud seeding flasres. ALl project aircraft are equipped to dispense both types of material.

Local cooperative assistance is required from the various participating county
groups. In each District s Coordinating Commities for decision-making concerning general
policy has been developed. These Coordinating Committess consist of a reprasentative from
each of the county commissions from participating counties, Thess Coordinating Committess
will be responsible for decisions regarding starting and snding dates of the program, cost
proration for participating counties and seasonal restrictions resulting from excessively
wet or excessively dry conditions., These local cooperating groups will also provide data
collection assistance from various sources., Farmer cooperators are heing asked to make
precipitation measursments and provide hail measurements. In addition agency support from
the Extension Servics, Scil Conservation Service, State Conservation Districts and similar
groups is anticipasted. The period of operations for thes program w111 be from May through
August 31, during this first season.

Evaluation

Physical evaluation of the program will be undertaken to determine precipitation
or hail effects. This will consist of a climatological appreoach using historical records,
and will be deveioped in the form of a target and control relationship. The terget and
control relationship will be reinforced by a comparison of seed, no=sesd svents that result
from opsrational restrictions or restrictions due to unssasonable weather, such as exces-
sively wet conditions. Real time evaluastion of radar data will also be included as a sup-
plemental technigus,.

An sconomic evaluation of the effesct on crop production is under way. This will
involve development of a model in the form of a statistical regression to predict and de-
tect changes in crop yisld as the program progresses. This work is being conducted on a
subcontract basis with South Dakota State University,

Evaluation of sociological effects will also be a continuing part of the program.
This will involve data collection and analysis to sample people’s attitudes toward weather
modification and what shapes those attitudes. Part of this projeet will be accomplished by
in=depth surveys to develop the pertinent data bank, The activitiss will investigate back-
ground information on previous studies as well. The sociological studies will continue on
a monitoring basis during operation,

Environmental effects will be monitoraed in conjunction with other studies conducte-
ed with Spouth Dakota State University group. It is anticipated that analysis of silver in
precipitation samplas will be conducted in the future. A sempling network will be develope
ed during the current year, These activities will be conducted also on a subcontract basis
with South Dakata State University.
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Special Studiss

A series of special studies to dsterminme various extra-area sffects and sscioclogi-
cal effects will be conducted in cooperation with other groups. A downwind effects study on
a regional scale will bs conducted as a cooperative effort with the National Oceanic and
Atmospheric Administration (NOAA). Currently this program is being proposed by NOAA for
contract with other researchers, The statewide effort in South Dekota will serve as a basis
for these studies, since ths sseding on the large regional scale will be used to provide
the basic input for possible effects,

Sociological studiss in cooperation with the Institute of Behavorial Sciencss of
the University of Colorado have bsen underway since January of 1972, At that time a base-
line study to collect data prior te seeding effects was completed. Supplemental baseline
information was gathered in April of 1972, This program will continue on a monitoring
basis to determine changes in attitudes as the program progresses.

Conceptual models will be modified and revised as information becomes available,
This work is being done on a subcontract basis with the North Americen Weather Consultants,
and is expected to provide the basis for dscisione-making criteria in the field, Thess
models will also provide a useful basis for stratification for future svaluations,

One of the most important aspects of the program will be the development of educa=-
tional programs by which the general public is informed of the status and progress of the
program. These will be developed teo provide up-to-date information as the program proe
gresses. They will consist of general weather modification information regarding the status
of the field as a whole and specific results of weathsr modification activities of the
South Dakota program.
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