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Preface

@ In early fall of 1974 the Research Applied to National Needs Program of Background
the National Science Foundation issued an announcement soliciting bids on of TASH
several research topics. One of these called for the performance of an extensive project

technology assessment of hail suppression in the United States.

This announcement triggered interest in four persons — each from a different
discipline — but all with an interest and experience in weather modification

and a base of having worked together on previous projects. The interdisciplinary
character of a technology assessment required both a diversified research team
and a compatible one.

Discussions were pursued among the four — Stanley A. Changnon, Jr., Head
of the Atmospherics Sciences Section of the Illinois State Water Survey, Pro—
fessor Ray Jay Davis, a lawyer at the University of Arizona, Dr. J. Eugene
Haas, a sociologist at the University of Colorado and President of Human
Ecology Research Services, Incorporated, and Dr. Earl R. Swanson, Professor
of Agricultural Economics at the University of Illinois. The discussions led to
preparation of a proposal that involved these four persons and their profes—
sional groups, plus Dr. Martin V. Jones, a technology assessment specialist of the
Impact Assessment Institute.

The proposal was prepared under the auspices of the University of Illinois as
the grantee institution and was submitted to the National Science Foundation
in November 1974. The two co-located lllinois scientists — Changnon and
Swanson — were established as the co-principal investigators of the grant,
with the grant to be administered and handled at the University of Illinois,
Urbana Campus. The other team members were connected to the project
through subcontracts or consulting agreements.

After further negotiations with NSF during the spring of 1975, the project
was funded in mid-August 1975 and work began immediately. This grant for a
Technology Assessment of the Suppression of Hail (TASH) was from the Office



The five
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of Exploratory Research and Problem Assessment of RANN, grant number ERP
75-09980 under the direction of Dr. Pat Johnson, Program Manager. Portions of
the funding came from the Weather Modification Program of NSF/RANN, under
the direction of Currie Downie.

An interesting and essential aspect of the project was the requirement for widely
divergent expertise among the team. Gathering of the divergent expertise
required involvement of team members and consultants from institutions

widely scattered through the United States including Arizona, California,
Colorado, Connecticut, Hllinois, Oklahoma, Washington, D. C.

and others. This dispersion in space and in interests necessitated a strong
interactive research plan involving frequent use of conference calls and long-
duration team meetings. Major project meetings occurred as follows:

Urbana, Illinois August 1975
Boulder, Colorado November 1975
Urbana, Illinois January 1976
Tucson, Arizona April 1976
Boulder, Colorado June 1976

San Diego, California September 1976
Chicago, Illinois December 1976

In addition, there have been numerous team meetings at various scientific
conferences where two or more TASH team members were present to give
papers. Needless to say, there has also been extensive letter and memorandum
preparation in an effort to keep everyone interested and involved at all times.
When we consider the areal spread and intrinsic discipline-related differences of
those involved (physical scientists, social scientists, business executives, weather
modifiers, lawyers), the high degree of cooperation and attention to scheduling
has been amazing. The basic responsibilities of the five groups involved in
TASH were as follows:
= |llinois State Water Survey (ISWS) — project administration, meteorology
and climatology, and impacted industries
= University of lllinois — all economic aspects
< Human Ecology Research Services (HERS) — all social and institutional
studies
< Ray Jay Davis — all legal issues
Impact Assessment Institute (IAl) — project guidance, environmental
concerns, and special investigations

All but 1Al were also scheduled to be heavily involved in the final project
activity — transferring the results to users. The user interaction effort has in—
volved not only the preparation of this final report, but also two user workshops
and a summary publication, Hail Suppression and Society, to provide the most
prominent TASH findings for general readers and policy planners.

Total funding for the 18-month project included $290,500 from NSF/RANN



and $60,000 from the State of Illinois. The project funds were allocated such
that the Illinois State Water Survey received about $140,000, University of
Illinois $70,000, Human Ecology Research Services $93,000, Ray J. Davis
$25,000, and IAl $23,500.

The organization of TASH (Technology Assessment of the Suppression of Overview
Hail) is shown in the diagram below. Project supervision, largely in a manage— panel
ment-organizational sense, was provided by Stanley A. Changnon, Jr., of the

Illinois State Water Survey. The project overview panel consisted of William

A. Thomas of the American Bar Foundation, Dr. John W. Firor of the National

Center for Atmospheric Research, Dr. Stewart W. Borland of Agriculture

Canada, Wayne L. Fowler of DeKalb AgResearch Incorporated, Dr. Charles

P. Wolf of the Office of Technology Assessment, and Dr. Eugene Bollay, a

meteorologist and ex-owner of a weather modification company. These panelists
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reviewed and guided the early planning of TASH, and have subsequently re—
viewed and commented on the third and fourth versions of the final report.
Their interests and contributions have been invaluable to the project.

The major TASH team was composed of the five entities shown in the center
of the diagram.

The University of Illinois portion of the team included four agricultural
economists under the leadership of Dr. Swanson, who directed the endeavors.

Dr. Steven T. Sonka conducted the individual farmer analyses and the study of
the value of future experimentation. Dr. Jon van Blokland modified the national
economic model and analyzed the results therefrom, and Dr. C. Robert Taylor
collaborated in the design and construction of the national economic model.
Three graduate students assisted, including Craig W. Potter, who worked on

the individual farm analyses, and Emmett W. Elam and Klaus K. Frohberg, who
worked in the computer modeling and analysis of the national economic model.
The research effort of Dr. van Blokland also became his doctoral dissertation
and that of Mr. Potter was his masters thesis.

It should be noted that the authors of the various sections and subsections
of this report are identified throughout according to the sections they con—
tributed.  Obviously, the economists contributed to information on the
costs due to hail, and all other farm, regional, and national aspects of

hail loss and its modification including benefit-cost studies. All team
members participated in the review of all sections.

The activities of the Impact Assessment Institute were under the direction of
Dr. Martin V. Jones, an economist and specialist in technology assessment. He
gave guidance in the methodology of technology assessment to the team,
reviewed the products and commented on them, and helped in writing certain
portions of the text. He was invaluable in guiding the team into technology
assessment. He was assisted in a research and supporting role by Richard

M. Jones.

Professor Ray Jay Davis, of the College of Law at the University of Arizona,
provided the legal analyses, interpretation, and related text. Much background
research in various areas of law was required, and series of working papers were
prepared by graduate students including Steve Cox, Steven Hernandez, Guy
Fletcher, Patricia Sterns, and Jim Toll.

The activities of the consultants for the other major teams of TASH were
comparable to those for Davis. A basic approach used in TASH was to
obtain background or "position papers" written by consultants. These
were in turn used in building the final text.

The Human Ecology Research Services group was under the general direction of
Dr. J. Eugene Haas, sociologist at the University of Colorado. Dr. Haas took on
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the responsibility of integrating the results of the various components of TASH
and thus the analysis of the impacts, the public policy options, and the recom—
mendations. Dr. Barbara C. Farhar, also at the University of Colorado and
HERS, coordinated the HERS work on TASH, prepared historical and case
study material, the adoption analysis, and was a leader of the user workshops.
Julia Mewes, Research Associate, prepared historical and case study materials,
and Ronald Rinkle, also a Research Associate, prepared major data documents
on societal parameters. Sigmund Krane contributed to the early development
of the project, and Charlotte Purvis and Dee Nervig assisted with manuscript
preparation.

Dr. Dean Mann, professor at the University of California at Santa Barbara,

was a major consultant to HERS and the entire TASH team. He brought exper—
tise in political institutions and institutional arrangements and wrote several
valuable position papers. Other consultants for HERS were Dr. Horst Mewes,
consultant in political science, Dr. Donald Pfost, consultant in sociology,

who conducted the study in nonadopting eastern tobacco areas, and Dr. George
Smart, who was a consultant in sociology and prepared the case history on
North Dakota.

The Illinois State Water Survey effort was threefold. Changnon gave scientific
guidance to the meteorological-climatological efforts of the Survey as well as
providing project direction and working heavily on user interactions. J. Loreena
Ivens prepared the sections on insurance, designed the format of the final report,
and made a major contribution in the difficult and tedious task of reviewing,
editing, and writing so as to give the contributions of 13 authors a flavor of
single authorship. Griffith M. Morgan, Jr., as a meteorologist performed the

major analyses of hailstorm days and wrote portions of the text relating to the
theories and techniques of weather modification. Suzi L. O'Connor did the
type composition and makeup of the text and illustrations, John W. Brother, Jr.
prepared the art work, and William Schmidt and Patti Welch worked in the editing
and reference area. Other contributing Survey staff members included Thomas J.
Ealy, who handled much of the complicated project business affairs and assisted

in the management. Kim Young and Mary Owens did the extensive data and
map plotting and proofreading of the report.

Consultants to the Water Survey were centered in three areas. First, to give
guidance in the industrial sector of weather modification, Thomas J. Henderson,
President of Atmospherics Incorporated, and Dr. Ray Booker, President of
Aerometric Environment, served by reviewing documents and attending certain

team meetings. Dr. Donald A. Klein of Colorado State University became involved

through the preparation of the section on environmental impacts and was ex—
tremely helpful in this difficult area.

Major thanks go to E. Ray Fosse, Executive Secretary of the Crop-Hail Insurance
Actuarial Association, for his considerable advice, attendence at team meetings,

HERS
consultants

ISWS
team
efforts

ISWS
consultants



Special
reviewers

preparation of an extremely valuable working paper on the crop-hail insurance
industry, and provision at no cost to the project of extensive amounts of crop-
hail loss data used by the University of Illinois economists. Dr. Donald Fried—
man, of Travelers Incorporated, also made a major new contribution by working
in the area of property hail insurance, deriving the first good estimates of the
amount of property loss from hail throughout the United States.

We would be remiss by not mentioning that the entire Water Survey TASH
effort was done under the general direction of Dr. William C. Ackermann,

Chief of the Illinois State Water Survey. Without his enthusiastic backing

and willingness to invest state funds in this project, it could not have been
brought to a successful conclusion.

An early preparation of the final report was a major management strategy that
guided the team's total efforts on this project. The full report was rewritten
three times before the final draft was completed and submitted for sponsor re—
view. This strategy, strongly urged by Dr. Jones, initially seemed infeasible to
other team members. However, subsequent experience showed it to have at least
two major advantages. First, it revealed important missing elements in the initial
research plan and created a better appreciation for the project's dimensions and
scope. Second, by having draft chapters available early in the life of the project,
there was adequate time to obtain, and respond to, expert outside reviews. A box
in the project organization chart (page iii) identifies this Special Review function,
and the next paragraph lists the names of these reviewers.

Among those who have given reviews of portions of these TASH texts

are Philip S. Brown, President of the Hail Information Service, who critically
reviewed the sections on the insurance industry. Bryce A. Sides, Director of
Corporate Communications, and Louis Rediger, Head of Hail Insurance, both of
the Country Companies, reviewed and commented on these insurance sections
also. Material on the present and future status of hail suppression and the
related technologies were reviewed and commented on by Professor Louis J.
Battan of the University of Arizona and Professor Roscoe Braham of the
University of Chicago. Dr. Charles P. Cooper of San Diego State College and
Dr. Harold Steinhoff of Colorado State University both graciously reviewed and
commented on the environmental text. Others were asked to give reviews of
the entire text of the third version of the final report, including Dorothy M.
Wetzel, an Editor at the University of Illinois, Marc Changnon, a County
Extension Specialist in Illinois, and Professor Howard Taubenfeld, Professor of
Law at Southern Methodist University. Advice from Dr. Larry Davis, President of
Colorado International Corporation, on seeding technologies was very helpful. All
of these reviewers gave their comments and their time at no expense to the TASH
project and in all possible instances their thoughtful comments were incorporated
to both correct and improve the TASH material. The critical reviews of the 34
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persons who attended the TASH workshops to help us develop the summary docu—
ment were extremely useful in revising and improving this final report. Our deepest
gratitude goes to these people and to our special reviewers.

Two workshops were conducted in November 1976 to inform representatives
from all groups interested in hail and its suppression about TASH results.
Representatives came from diverse geographical areas and included people from
state and federal government agencies, farmers and farm groups, the insurance
industry, the weather modification industry, weather research groups, agribusiness,
and environmental concerns. During these workshops, the participants provided
their views as to key findings to guide us in the preparation of a separate summary
document for TASH, Hail Suppression and Society. This short publication will

be widely available.

A major issue in successful multidisciplinary research involving scientists with
widely diverse backgrounds is the development of working interactions. This
interaction was particularly critical for TASH since team members were dis—
tributed across the nation (Washington, D.C., lllinois, Colorado, Arizona, and
California). The sequence of events involving the writing of informational
(background) papers from each discipline, the writing and revision of five
versions of the final report, the internal and external reviews of these documents,
and team meetings is illustrated below, showing the truly multidisciplinary effort
reflected in this report.
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Introduction

@ For many years — and in diverse ways — farmers have tried to protect
their growing crops from the damages of hail.

A new possibility emerged shortly after World War IlI. With the discovery of
the artificial formation of ice crystals and the subsequent development of cloud-
seeding techniques, attempts to adapt cloud seeding to the suppression of hail
began. A number of operational projects were tried, and a few scientific ex—
periments later were carried out.

Thus far the results have been varied and indecisive. Some believe 20 to 30%
reductions in hail have been achieved. Others believe cloud seeding efforts have
increased hail, or caused droughts, or accomplished nothing. For the most part,
hail suppression attempts in the United States have been accompanied by local
controversies and scientific quandaries. The answer, as yet, is uncertain — but
the use of hail suppression continues, as does research to further develop it.

Interested scientists and concerned national leaders therefore believed that a
comprehensive technology assessment study of hail suppression would be
valuable at this time. This effort was undertaken by our multidisciplinary team
under the project title of TASH, Technology Assessment of the Suppression of
Hail.

WHAT IS TECHNOLOGY ASSESSMENT?*

@ Technology assessment is a systematic attempt to anticipate the future A look
effects that might result from a new or expanding technology — as an aid to at the future
planning and decision making. Its intent is not so much to explain how the

technology works — although an extensive technological description is provided —

This chapter contributed by J. Loreena lvens, Stanley A. Changnon, Jr., and Barbara C. Farhar.
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as to explore how the technology might affect and be affected by the many
facets of society it might touch.

The technology assessment study draws upon and integrates the knowledge and
insights regarding the new technology from a variety of disciplines. A tech—
nology assessment may be characterized as a comprehensive, interdisciplinary,
and futuristic study of a technology in relation to society.

A pioneer in the field calls technology assessment a "class of policy studies
which systematically examines the effects on society that may occur when a
technology is introduced, extended, or modified, with special emphasis on those
consequences that are unintended, indirect, or delayed" (Coates, 1974). The
Technology Assessment Act of 1972 refers to it as a method of ascertaining
"early indications of the probable beneficial and adverse impacts of the applica—
tions of technology.”

Approximately 50 comprehensive technology assessment studies, plus a number
of limited studies, have been funded during the last five years, primarily by

the National Science Foundation but also by the Congressional Office of Tech—
nology assessment, several other federal agencies, and a few private organizations.

Topics addressed in the numerous federal studies have included such diverse
interests as coastal zone oil and gas development, solar energy, earthquake pre—
diction, integrated hog farming, and the cashless-checkless society.

OUR OBJECTIVE AND RATIONALE

Reasons for
assessing
hail suppression

@The TASH study of the technology of hail suppression is intended to
bring together all of the considerations involved in its application — now and in
the future — to ascertain its net value to society. The study's goals are:

= To describe the current knowledge of hail suppression

= To identify long-range expectations for such a technology

= To estimate the societal impacts that might be generated by its wide use

< To examine public policy actions that would most equitably direct its

beneficial use

In brief, through technology assessment we are attempting to identify for the
emerging technology of hail suppression a comprehensive range of potential
impacts — direct and indirect, immediate and delayed, unfavorable and favorable.
In its program solicitation for this assessment effort, the National Science Foun—
dation (1974) stated that, although weather modification has the potential for

a major impact, "political, legal, economic, social issues, and constraints on the
technology will become more important as large field experiments are conducted
which may lead to routine practice. Hail suppression has been chosen for assess—
ment as a specific technology having great potential benefits and as a subject

of an on-going federal research program. "

2
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Six-inch hailstone

VAN WATERS & ROGERS

L (Photo: NCAR j

The stage for the assessment of this technology had in part been set in 1973 by
Dr. H. Guyford Stever, then Director of the National Science Foundation, when
he noted that weather modification was an extremely important subject for
assessment (Stever, 1973). Dr. Stever said:

"The fact that we are beginning to know enough to develop the means to suppress local
hailstorms, cause rainfall, increase snowfall, and someday perhaps divert or prevent major
storms such as hurricanes has enormous implications.

"The positive aspects are more or less obvious — vast savings of crops and property
losses, more water where and when we need it and of course, a reduction of the human
misery associated with the whims of weather. But we can see why a most thorough
assessment is necessary when we start asking questions like: Who will control the
weather? For what benefit and at whose expense? What will be the effects of improper
control? Who will pay the consequences? What will be the international implications?"

Hail suppression is an appropriate subject for an assessment study because it has
a substantial potential for generating a whole series of second-level impacts over
and beyond its direct mission of reducing the financial losses from hailstorms.



@ FIGURE 2

Key elements of hail suppression technology assessment and their temporal interactions
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As our text will indicate, some of these second-level or delayed impacts would
probably be favorable, others unfavorable. Assessment is needed because the case
for either the favorable or the unfavorable has been essentially undocumented.

We realize that the present study will not, of course, completely resolve these

issues one way or the other. We hope, however, it will bring the issues into sharper
focus, assigning likelihood ratings to some, anticipated magnitudes to others, and
finally suggesting how public policy can foster the favorable potentialities and
minimize the unfavorable ones.

Still time Technology assessment for hail suppression is propitious at this time for two other
to change reasons. First, from a policy point of view, development and application of hail
future course suppression technologies have not yet proceeded so far that efforts to redirect

present trends would be institutionally impractical. There is still time to decide
whether or not and in what manner future hail suppression efforts should proceed.

Second, we have a respectable conceptual and empirical base for conducting this
study. For instance, a considerable body of field research — both physical and

social science — on individual facets of this issue has been completed. We have

considered it the task of this study to integrate the work completed to date and
to lay a foundation for future considerations.
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THE TASH

@ The assessment of hail suppression as a future technology for the United
States was complicated for two reasons. First, hail as a weather element not
only affects a large portion of the American populace but also has been approached
by a wide variety of scientific disciplines. Second, the current technology is so
uncertain that assessing the future technology itself required a more extensive
effort than needed in many other technology assessments. A literature review on
all relevant facets of hail suppression had never before been completed. Thus, a
significant proportion of the TASH final report is concerned with defining the
current state of knowledge with regard to the technology itself and its related
studies. The first major effort of TASH was to collect and inventory existing
data and information bases in a range of disciplines. This effort is symbolized

as "CURRENT CONDITIONS" in Figure 2.

Background explanatory papers, called working papers, were prepared in each
discipline and distributed to inform other team members of basic results. These
papers served as the first step in the integrative process of TASH. The major
topical areas addressed in this early work are listed in Figure 2 and included de—
scriptions of the hail problem in the United States, hail suppression science and
technology, social and institutional aspects, economics of hail, legal considerations,

APPROACH

Technology
definition —
a major
effort

Current
conditions
dimensionalized
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environmental issues, and the identification of major stakeholder groups — those
whose interests would be affected in some way by effective hail suppression.

The first draft of the final report was then prepared. This exercise enabled the
study team to identify gaps in existing data bases necessary to fill during the
course of the TASH study, and to define the interactions necessary among disci—
plines to achieve integration of disciplinary findings and the subsequent analysis

of future adoption, its societal impacts, and the policy issues and recommenda—
tions following therefrom.

The team decided to consider all conditions at three points in time:
= The now or 1975 conditions
« Those projected for 1985
« Those projected for 1995

Findings were treated on various space scales depending on the discipline involved.
That is, states were used for legal and some societal studies, crop-producing areas
for economics, and so on. Ultimately, however, all regions used in the different
analyses were defined by state lines so that the findings of different disciplines
could be most easily combined. These, then, were the time and space frameworks
for integrating the research results.

Because none of the existing data on hail and hail suppression had been organized
previously in one volume, a sizable proportion of this final report is given over

to a description of the background and current conditions as a foundation for the
future analyses.

The next essential step in the research process was the definition of future hail
suppression capabilities. Three different levels of effective hail modification, ac—
companied in some cases by effects on precipitation, were projected to be attained
by 1985 and by 1995. (These are labeled "Future Technological Models™ under
"FUTURE CONDITIONS" in Figure 2.) These future models of hail suppression
technology were the basis for the future analyses of all facets of TASH — societal,
legal, institutional, and economic — and for impact analyses and definitions of
policy issues.

The first major integration of disciplinary findings was begun in the TASH
adoption analysis. Economic findings from both individual and nationwide
analyses and findings from legal studies and socio-political data were combined
to yield estimates of the probable future adoption of the three future hail sup—
pression models in the nation. This effort is shown on Figure 2.

Results flowing from the adoption analysis were then utilized by TASH economists
to produce a nationwide evaluation of the economic impact on agriculture for
each of the three future hail suppression capabilities. Other team members sub—
sequently analyzed the probable impacts of hail suppression on direct stakeholder
groups such as the hail insurance industry and the weather modification research
community. Environmental impacts were evaluated during this phase of the study.



Results of these separate impact analyses were systematically combined in the Predicted
TASH impact analysis utilizing a matrix of class of impact (economic, political, impacts
social, and so forth) and the system level impacted (individual, community,

state, and so on). Illustrative of the impacts are two alternative scenarios of

the possible future development of hail suppression and the societal consequences

emanating from them.

Policy issues were identified throughout the course of the study. These issues Policy
were combined with results of the impact analyses and estimated responses, coupled issues and
with the analysis of current conditions, to produce a set of study conclusions recommendations

and recommendations for public policy action and for research.

The final step for TASH was dissemination of results to users. This final report Information
and its supporting volumes of disciplinary working papers are two media of to users
information exchange. Two user workshops were held in November 1976 — one

with a local focus and the other with a national focus — as a basis for developing

the TASH summary, a short document designed for widespread distribution. Users

reviewed the next-to-final draft of the final report and made recommendations

as to the key points that the summary, entitled Hail Suppression and Society,

should contain.

Integration of effort and thinking to produce a truly interdisciplinary treatment

of hail suppression was accomplished in four ways. First was the exchange of dis—
ciplinary working papers, next the sequential preparation of four versions of the

final report, then the active integration of products in the adoption analyses fol—
lowed by the impact analyses, and finally frequent meetings of TASH team members.

This final report is divided into four parts. Part 1 presents the problem. Here Part 1 -
Chapters 1 and 2 introduce the study and the problem of hail, how and where it The hail
occurs, the damage it causes, and the alternative solutions to the problem — leading problem
to further consideration of hail suppression as a technological alternative.

Part 2 provides background — a review of the past and a look at the present. Part 2 -
Within Part 2, Chapter 3 gives an historical overview, then a synopsis of detailed Background

case histories of hail suppression projects in the United States, a glance at projects
abroad, and an evaluation of the current status of the technology of hail sup—
pression. Chapter 4 briefly describes the technology — its scientific principles and
mechanisms, plus its functional components. Chapter 5 identifies the direct,
major stakeholders — those who now deal with the hail problem including agricul—
ture, insurance, commercial modifying firms, and research groups — and describes
the present dimensions of their interests. Chapter 6 concludes Part 2 with exam—
ination of the socio-political, legal, and environmental factors that now influence
and may constrain the use of the technology of hail suppression.

Part 3 contemplates the future of hail suppression. It opens in Chapter 7 with Part 3 -
a consideration of the generating forces — the overriding national concerns and Future
propensities that could motivate use of a technology that would alleviate hail

damage — combined with an individual farmer's economic motive.
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The hail problem

@ At the moment of its happening, a hailstorm can seem a most disastrous
event. Crashing stones, often deluged in rain and hurled to the surface by wind,
can create instant destruction. Picture windows may be broken, cars dented, or
a whole field of corn shredded before our eyes.

Then quite quickly, the storm is over. Now the damage is before us, we per—
ceive it to be great, and we vow to do something to prevent its happening again.

But what we have experienced is "our" storm. Hail did not happen perhaps a

mile away. We may see another the same day, or never again. Thus, the concept
of hail suppression is founded in a real or perceived need, but the assessment of

this solution must be considered in terms of the nature of hail. This chapter
provides a national overview of the dimensions of the hail problem, its economic
consequences, and the various alternatives for solving the problem. It attempts to
answer: Where, when, and in what manner does hail occur? What are the damages?
What can we do about it?

CHARACTERISTICS OF HAIL

@ The key characteristic of hail ( \ THE NATURE
€% FIGURE 3

is its enormous variability — in size, OF HAIL*
in time, and in space. This variabil— A Colorado hailfall
ity starts with the hailstones, as we
show in Figure 3 where a dozen dif—
ferent sizes are found from one storm
and on a surface no larger than the
average kitchen floor.

Figure 4 shows the great variabilities How often
across the country. This is the average does hail
pattern of days with hail, based on occur?

point frequencies, and these averages
range from 10 days per year to less
than 1 day a year. Further, the varia—
tions occur within very short distances,
though clearly high averages concen—
trate through the central United States.

*This section contributed by Stanley A. Changnon, Jr.
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Thus we see hail as a very small-scale phenomenon and a relatively infrequent event
at any one point.

Most of what we know of the time and space dimensions of hail in this country
comes from studies made in either the 1940s or 1960s. Agricultural interests in
the '40s motivated hail studies that were based on data from the 200 or so na—
tional weather service stations. A second wave of interest from aviation, insur—
ance, and weather modification industries in the '60s brought about more inten—
sive studies. These used not only the weather service data but also insurance
data and data from special meteorological networks where hail had been measured
in detail across small areas from 100 to 5000 square miles. Descriptions of hail

ail in the United States have been brought together by Changnon (1975).

Most hail is produced by thunderstorms in which strong vertical motions are in-
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duced usually by weather fronts or the mountains. However, the Great Lakes,
because of their size, also affect the frequency of hail-producing storms.

Except for the often isolated hailfalls in and near the mountains, most hailstorms
in the United States are produced along a line (a front) where rapidly advancing
cold air battles warm moist air, wedging under it and lifting it to produce clouds
and storms. We have depicted this conflict of air masses in Figure 5. The locale
of the battle line varies seasonally and depends on the track of the low-pressure
centers which drag fronts with them. High incidences of hail occur where the
fronts most frequently develop or stagnate. Study of the national pattern in
Figure 4 identified 28 major highs of hail incidence — 10 in the western states,
5 affected by the Great Lakes, and 13 in the Midwest.

The "intensity" of hail is what produces damage, and intensity is a function of

the number of stones, their sizes, and the wind. Intensity also varies on a national

scale. Changnon and Stout (1967), through studies of crop damages, found that
hailstorms during the peak of the loss season in eastern Colorado produce hail

that is 18 times more intense than the typical crop season storms in the Midwest.

Intensity decreased very rapidly away from the Great Plains. However, intensity
differences from west to east are partially influenced by differences in the way a
given crop is planted. Wheat, for instance, is put in narrow rows in the Midwest,
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and this higher density tends to protect it from hail, whereas the thinner wheat
stands in the Great Plains are more open to damage.

Since hailstone sizes as well as the number of stones are important to intensity,
size distributions help account for regional differences. Hailstone sizes have not
been systematically measured throughout the United States, but small-area
studies provide some information. Clearly, the greatest frequency of large stones
is found in the lee-of-the-mountain locales like Colorado. Small hailstones dom—
inate in Illinois, New England, and the mountain-top areas of Arizona.

Look at these variations. An lllinois hailfall averages 24 stones in a square foot
and only about 2% of these are over a half-inch in diameter. In northeast Colo—
rado, a hailfall averages 202 stones per square foot and more than half of these
(51%) are larger than a half-inch.

The season of high hail activity varies across the country, also. Season is impor—
tant because of the stage of growing plants that might be damaged by hail. East
of the Great Plains, maximum hail activity is in the spring months, starting in
March in the far south and moving to May in the northern states. In the lee-of-
the-mountain states, maximum hail activity happens in the summer months. The
Great Lakes area is the only place in North America where maximum hail occurs
in fall months. Along the West Coast, certain areas have their high hail in late
winter or spring.

What about long-term changes in hail activity? We show in Figure 6 some 10-
year frequencies of days with hail for a few states in different regions. This
shows that states in the Great Plains like Texas and Montana which have a high
incidence of hail also can have rather long up or down trends, 20 years or more.
Eastern and midwestern states show shorter fluctuations. Also, the shifts toward
high or low hail incidence do not occur in the same decades in the different
regions. Such changes are reflections of large multi-year shifts in atmospheric
circulation patterns that greatly change the hail activity over a state or a large
region. Studies show that years with big hail losses in a state or smaller area

are often isolated events, but they sometimes occur in pairs.

The time of day that hail occurs has some interesting regional differences — and
one unusual similarity. The similarity: hail very seldom happens between 5
and 10 a.m. in areas as diverse as lllinois, Colorado, Nebraska, and Kansas. But,
the hours hail most often happens run like this (local time in each case):

Close to the mountains (Denver) — noon to 3 p.m.

About 100 to 200 miles east — 3 to 6 p.m.

Farther east (Kansas City) —61t0 9 pm.

Illinois and Midwest region — 2 to 5 p.m. and midnight to 3 a.m.

The pattern of time from Denver to Kansas City suggests a west-to-east sequence
of storm activity. The Midwest's secondary peak at night would be important in
hail suppression because of the difficulty of seeding clouds by aircraft at night.

12
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How long does a hailstorm last? This varies, also. The average duration of hail
near the mountains is 10 to 15 minutes and in the Midwest, 3 to 6 minutes.
Hailstreaks, which have a median size of 8 square miles, last an average of 10
minutes. (A hailstreak is an area hit by a single volume of hail produced in a
storm. A single storm may produce one or many hailstreaks.)

What types of weather are connected with hail?

In large areas like lowa, Illinois, or Colorado, hail occurs on about 70% of all
days with thunderstorms. In the Midwest, 50% of all thunderstorms connected
with warm fronts and low pressure centers produce hail, but 75% of the thunder
days associated with cold fronts or stationary fronts are hail days.

Hail may be accompanied by moderate to heavy rainfall, tornadoes, or wind.
Crop-damaging hailstorms in Nebraska, Colorado, and Kansas are generally
associated with moderate rains of 0.2 to 1.0 inch, and 25% of the rain through
the whole crop season falls with damaging hail. Hail days in Illinois typically
have rainfall so heavy it averages nearly half (48%) of the monthly average.
Studies of tornadoes in Illinois (Changnon and Wilson, 1971) show that major
large tornadoes — those having tracks longer than 25 miles — always have hail-
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falls somewhere near their tracks. Nearly 96% of 103 tornado days in Illinois
during 1951-1960 were hail days and 12% of all hail days in Illinois were tor—
nado days. Wind with hail is a critical factor to crop loss, and the Illinois
studies show that windblown stones occurred in 60% of all hailfalls. And,
when this happened, an average of 66% of the stones at any one point would
be windblown. (Also see page 320.)

Much of the annual hail loss in a state is concentrated in a few storm days. For
example, the five worst loss days for the year in Illinois produce between 55 and
84% of the year's total. These major loss events are usually multiple hailstorms

that occur repeatedly over a large area during a period of 6 to 18 hours.

The many findings about hail in the United States clearly demonstrate the ex—
treme variability of hail in all scales, whether for one point or the continent,
for 1 minute or 50 years. The climatology of hail in the United States is more
thoroughly defined than that for any other nation. Key points are:

The principal hail area of North America exists along and to the lee of the eastern Rocky
Mountains, stretching from New Mexico up to Montana. This area averages more hail
days, more hailstorms, more and bigger hailstones, and thus a greater hail intensity than
any other area in the continent (see Figure 4).

Hail is a problem also in the Northwest, primarily because of specialty crops such as
tree fruits that are easily hurt by hail, in the Midwest grain belt, and in the central sec—
tion of the East Coast, again because of specialty crops.

Primary high occurrence spots in the Midwest hail pattern are found where hail-pro—
ducing macroscale weather conditions are most prevalent, or where the Great Lakes
affect and induce hailstorm development.

@An extensive study of the nation's hail climatology (Changnon, 1975) was

performed as part of this technology assessment of hail suppression. The infor—
mation indicated there were 13 very different hail climatic regions. These re—
gions have been used throughout this assessment as a basis for the investigations
of the social, legal, and economic impacts of hail suppression.

We show the outlines of the 13 hail regions on Figure 7, and indicate the four
factors that we used to define them.

Which basic weather condition caused most of the hail was the first factor used
to identify a hail region. The three basic causes used were marine effects, macro-
scale weather systems, and orographic effects.

The second factor was hail frequency — the average number of days with hail in
a year, taken from Figure 4. In general, these values were separated when the
frequency doubled. The peak season of hail frequency was a closely intertwined

*This section contributed by Stanley A. Changnon, Jr.
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third factor since this peak season reflects the hail climate, that is, the basic
causes, and also indicates the potential for crop damage.

The final factor was hail intensity. As noted earlier, hail intensity varies con—
siderably from area to area. It is, of course, directly related to crop and property
losses. The striking intensity differences in the Great Plains and upper Midwest
were major reasons for certain region divisions.

The actual climatic hailregions defined by these factors did not follow state lines
exactly, but were smoothed to do so in order to use related state statistics. The
states in the 13 regions are as follows:

Region 1 — Arizona, California

Region 2 — Washington, Oregon, Nevada

Region 3 — Montana

Region 4 — Idaho, Wyoming, Colorado

Region 5 — Utah, New Mexico

Region 6 — North Dakota, South Dakota

Region 7 .— Nebraska, Kansas, Oklahoma, Texas, lowa
Region 8 — Minnesota, Wisconsin
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Region 9 — Arkansas, Missouri, Tennessee, Kentucky, lIllinois, Indiana, Ohio

Region 10 — Louisiana, Alabama, Mississippi, Georgia, Florida, South Carolina

Region 11 — Michigan

Region 12 — Pennsylvania, West Virginia, Virginia, North Carolina

Region 13 — Maine, New Hampshire, Vermont, Massachusetts, Connecticut, New York,
Maryland, Delaware, New Jersey, Rhode Island

@ For hail suppression, time and space dimensions of hail events and the fac—

tors that cause hail must be defined. As we have seen, available studies provide
some essential design information on hail frequencies at a point. However, cli—
matic studies have not dwelt adequately on regional differences in storm activity.
We show in Figure 8 the average number of crop-damaging hail days in each
state for each crop. Though there is some seasonal overlap of crops — that is,
part of the Texas wheat days may overlap the cotton days — clearly, statewide
hail suppression systems would require a large number of operational days.

An important operational-design need is for information on the frequency of hail
days over different sized areas. Prior research that developed point-area relations
in different areas (Changnon, 1971) is useful because one can employ the widely
available point hail-day data to develop this estimate. Figure 9 provides the
point-area relationship showing that for a 10,000-square-mile area the area-point
ratio is 20. This means that if the average point value in the area were 4 hail
days per year, the area would have 80 hail days in a year.

Another aspect of hail critical to the design of seeding systems and operations
over broad areas concerns the spatial and temporal array of daily hail activity
across the nation. One earlier study investigated daily hail outbreak statistics
across the Illinois-lowa-Missouri area (Changnon, 1960; 1962), but information
for other areas was very limited. Hence, a national storm-day climatology had
to be developed as part of this technology assessment to provide key informa—
tion for considering wisely the type of future operations, the forecasting require—
ments, and the future seeding systems.

Crop-hail loss data available for each county in the United States for the 1961-
1965 period were obtained from the Crop-Hail Insurance Actuarial Association
(CHIAA). These statistics represent only about 15% of the crops but, on a
county basis of loss versus no loss, are probably not great underestimates of the
areal extent of damaging hail activity.

On virtually every day from April through October there is some degree of hail
loss occurring in the United States. Hail loss occurred on 1201 days in the 1826
days of the 1961-1965 period. We show the loss-day totals and averages by
month and season in Table 1. May through September were grouped because

all but two days were hail-loss days.

*This section contributed by Griffith M. Morgan, Jr.
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How extensive is the damaging hail on a loss day? Some appreciation for this Most loss days

can be gained from the distribution of the number of counties in the nation re— cover small

porting loss per damage day (Figure 10). On most loss days (80%), fewer than areas

100 counties report loss, but hail loss has occurred in over 300 counties on a
single day. We also show on Figure 10 the distribution of the number of coun—
ties with loss days when the national (insured) loss total was $1 million or more.
The big hail loss days tend to be days of great areal extent of hail — more than
100 counties experience loss on 92% of the "million dollar days."

The areal distribution of hail across the nation on a state basis for loss days is Million-dollar
shown in Table 2. On two-thirds of the loss days 15 states or fewer experience loss days
loss, but days with loss occurring in 15 to 20 states are frequent, and over 25 widespread
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TABLE 1
Monthly distribution of days with hail loss in the United States

Annual

1961 1962 1963 1964 1965 average

January 9 17 13 22 29 18
February 0 0 0 0 4 1
March 12 0 7 6 8 6
April 26 24 26 23 28 25
May-September 153 153 153 152 151 153
October 24 26 22 26 12 22
November 8 12 9 8 22 12
December 1 2 2 3 10 3
Total 233 234 232 239 263 240

N ' Y

states can have hail losses on a single day. The distribution for the million-dol—
lar loss days shows that the important loss days are those on which the loss is
widespread, with 16 to 25 states involved typically.
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Counties reporting loss on hail-loss days
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The frequency distribu—
tion of days with loss as a
function of dollars of loss
is a very important char—
acteristic of the national
hail loss picture and one
that affects the design for
hail suppression. Relative—
ly few high loss days con—
tribute overwhelming to
the total loss. On about
60% of the loss days, the
national losses are less than
$100,000. The true im—
pact of the higher loss
days can be seen here:

Most loss

/

\

€1 TABLE 2

Distribution of number of states with loss

on hail-loss days (five

Number of
states with hail
15

6-10
11-15
16-20
21-25
26-30

-year totals)

Percent of hail

Percent of all days with loss

hail-loss days > $1 million
39 0
14 4
15 4
22 40
9 48
1 4

in afew
days

/

Days of losses over $100,000 - 39% of days - 97% of total $ losses
Days of losses over $1,000,000 - 5% of days - 39% of total $ losses

The properties of the million-dollar days are of considerable interest. We show in
Table 3 the numbers of counties, states, and hail regions involved in these days.,
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TABLE 3

Regional distributions of million-dollar loss days

Number of big-loss days for various state areas

1-5 6-10 11-15 16-20 21-25 26-30
states states states states states states

0 2 4 26 30 2

Number of big-loss days for various county areas

0-100 100-120  120-140 140-160 160-180 180-200 > 200
counties  counties  counties counties counties  counties counties

2 6 15 6 9 12 14

Number of big-loss days for given hail regions

3 4 5 6 7 8 9 10 11 12

\ 2 0 0 2 4 10 26 16 1 3 )

These nationally important hail loss days point to extensive operations and large
seeding systems since to suppress these events means operations in at least 6
states, more than 100 counties, and 3 or more hail regions on many days.

We tabulated the daily loss totals — in days, dollars, and counties — for the four
adjacent hail regions (6, 7, 8, and 9) that have most of the crop losses from hail.
These totals reflect on the operational requirements for local or regional adop—
tion of hail suppression and for potential centralization of larger scale operations.
We show the total number of days with loss in decadic dollar categories for the
four regions in Table 4. The values in these distributions reflect, to some extent,
the differences in sizes of the four regions.

@ | )

@)TABLE 4

The number of hail-loss days during 1961-1965 in four major hail regions,
sorted by amount of loss

$100 to $1001 to $10,001 to $100,001 to Total

Region $1000 $10,000 $100,000 $1,000,000 > $1,000,000 days
6 93 91 80 35 3 302

7 98 130 149 98 8 483

8 126 90 45 17 1 279

9 100 103 63 21 2 289

N J
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%) TABLE 5
The synoptic-weather causes of hailHoss events (>$100,000)
in four areas
Number of storm days
Total Squall

Area cases Fronts Lows lines
North and South Carolina 22 17 15 4
Kansas-Nebraska 25 15 14 5
Montana-North Dakota 23 15 14 4
Texas-Oklahoma 22 20 4 5

- 4

If an effective suppression operation existed in Region 7, it would require operations
on 483 days (97 per year) to cover all days with loss. However, if days with loss in ex—
cess of $100,000 were defined as the only days for hail suppression, there would
have been 106 such days in Region 7, 18 in Region 8, 38 in Region 6, and 23 in
Region 9. The critical role of weather forecasting is emphasized in this example.
Forecasting ability will weigh heavily on the efficiency of the operations, partic—
ularly when the "major" loss days are such a small part of the total loss days, as

in Regions 8 and 9.

We also analyzed weather conditions for the days with national total losses of
$1 million or more to determine the major synoptic weather systems associated
with the major centers of loss. Table 5 shows the weather conditions for four
selected 2-state areas for those days when one or both states in each area ex—
perienced loss greater than $100,000. There are three synoptic categories and
these are not mutually exclusive, that is, two or three could exist on the same
storm day. Major hail outbreaks tended to occur in conjunction with fronts, and
the majority of these were cold fronts. A large percentage of major hail-loss
events are generated by near-to-surface low pressure centers, except in Texas.
Here the few low condition events occurred in the western part of the state.
The major hail events in Texas mostly occurred with cold fronts trailing from
lows centered in Colorado, Kansas, and Oklahoma. In North Carolina, we ob—
served a tendency for the lee cyclogenesis (formation of a lee low) phenomenon
to accompany the hail outbreaks. The high frequency of occurrence of this
mountain-caused cyclogenesis is undoubtedly a key element in the hail problem
of that general area.

We can usefully illustrate the areal distribution of hail losses and the weather
conditions helping to cause them by an actual example. We chose a widespread
hail outbreak on July 21-24, 1962, as an example of a very severe period of hail.
Their story is depicted through the maps in Figure 11. Over $1 million in losses
occurred on each day (totals were $1.45, $3.53, $1.39, and $1.21 million for a
4-day total > $7 million).
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@ FIGURE 11

Crop-hail losses and weather conditions causing them during severe hailstorms

EXFEANATION

CROP-HAIL LOSS
PER COUNTY

. ———
>4100,000 Doliars 1.4 miltion
$10,000-100.000  Counties 236

- States 25

£ s0-10,000 Hail Regions 9 “L

 July 22, 1962

Dallars 3.5 aillion
Counties an
States 26
Hail Regions 12

On July 21, hail loss occurred in an area through North Dakota and Minnesota

during the late morning to early evening.

a cold front approaching from the northeast and at least one squall line south
(ahead) of the front. Hailstones 2 and 3 inches in diameter were reported in
northwestern Minnesota. Another hail loss area occurred in eastern Nebraska
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on July 21-24, 1962

Dollars 1.4 milion

Counties 190 ]
States 24

Hail Regions 10

0ollars 1.2 miilion

Counties 138

States 19

Hail Regions 9 ;

and western lowa (> $780,000 loss) during the afternoon and evening. These
storms, including one accompanied by a tornado in southwestern lowa, were
associated with the passage of a low pressure center and frontal wave just south
of the hail area. Hailstones 4% inches in diameter were reported in Nebraska.
Lesser loss areas occurred in eastern lowa, northern Illinois, and Kentucky, and
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a third major loss area occurred in North Carolina during the afternoon. This
last area occurred in a lee trough (an area of reduced surface pressure caused
by wind flow over the mountains upwind or west of the area).

July 22 — On July 22 (Figure 11), the cold front had moved slowly into Minnesota and Wis—
approaching consin and the frontal low had moved from southern Nebraska across northern
fronts Missouri. The combined influence of the approach of these two systems pro—
cause duced a colossal band of hail losses through Minnesota, lowa, and the northern
colossal half of Illinois (> $2.7 million). Another major loss area occurred in Kentucky
damage (> $0.5 million) ahead of the warm front associated with the low center in

northern Missouri. The cold front which was in the western Alleghenys on the
previous day had crossed the mountains and was relatively inactive. A third,
lesser hail area occurred in eastern Nebraska and western lowa. Tornadoes and
funnel clouds occurred in Illinois, Wisconsin, and Minnesota.

July 23 — On July 23, the cold front had become nearly stationary in the Minnesota-

major lowa-Illinois area resulting in continued but lesser losses there. It continued to
losses move through Ohio and Pennsylvania causing major losses in the latter state.

to the east Winds in excess of 60 miles per hour (mph) accompanied the hailstorms in southern

Pennsylvania and neighboring areas of the surrounding states and hailstones up

to 4 inches in diameter occurred in Pennsylvania. Major losses also occurred in
Kentucky (as the low which had been in northern Missouri moved into western
Kentucky and Tennessee) and in Virginia and North Carolina (due to thunderstorms
in and behind the cold front which had crossed the mountains the previous day).
Surface winds over 90 mph were reported in North Carolina.

July 24 - On July 24, the cold front which had entered from Canada on July 21 and

new system passed through Pennsylvania on July 23 was not distinguishable. However, a new
causes weather system had crossed the Canadian border and was responsible for minor
damage hail losses in Montana, new losses in Minnesota, and a tornado in northern Wis—

consin. The major hail losses of this day occurred in the Carolinas where the cold
front still lay semistationary. About $1 million in losses occurred in the 3-state
area of the Carolinas and Georgia, and two tornadoes occurred in South Carolina.

On these four days few states were untouched as 31 states experienced damaging
hail and the overall area of hail damage was very great.

ECONOMIC LOSSES FROM HAIL*

6_) Damaging hailstorms are a measles-like plague of occasionally inten—
sive losses that are distributed by thunderstorms across the United States during
each year. They can be disasters that wipe out crops at ten farms leaving a thou-

*These sections contributed by Stanley A. Changnon, Jr., and Earl R. Swanson.
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sand farms lying unharmed between them. An individual, particularly a farmer,
is either faced with a sizeable loss or he totally escapes his turn, which may come
in a week, a year, twenty years, or never in his lifetime.

Estimates of the magnitude and distribution of economic losses from hail pro—
vide a particular type of perspective in terms of evaluating the seriousness of
the hail "problem.” In terms of public and private decision making regarding
remedial action, economic losses from hail, in and of themselves, have virtually
no meaning. The crucial elements appear when the reduction in economic
losses is compared with the costs of such a reduction.

For example, whether we estimate hail losses to be $1 billion a year or $2 bil—
lion a year may or may not affect whether the cost — of the research, develop—

ment, and operations — of a given technology will be less than, equal to, or greater

than the expected reduction in economic losses. Thus in interpreting the follow—
ing estimates of economic losses from hail we should keep in mind that the
"losses"” result from a comparison between the present situation and one with
no hail.

@ Hail damages most crops grown in this country. The crops most easily
damaged are fruits which lose their value, their quality, from even slight bruising
by small hail. Tobacco is ranked second. Then in order of susceptibility to
hail damage are certain vegetables, soybeans, barley, rye, wheat, corn, cotton,
sugar beets, potatoes, and sorghum.

However, the major crop losses from hail — and their loss as a percentage of the
1963-1967 national total of crop losses from hail — are wheat 51%, cotton 11%,
corn 10%, soybeans 9%, and tobacco 7% (Cbangnon, 1972). On the average about
30% of the national tobacco crop, 25% of the wheat crop, 20% of the corn crop,
and 20% of the soybean crop are insured.

There have been two moderately extensive studies of crop-hail losses in the
country. Changnon (1972) focused on the losses shown by insurance data for
1960-1969, and Boone (1974) developed total loss estimates from insurance

data for 1966-1970. In Table 6 we summarize some of the crop loss and in—
surance values for the ten top loss states in the nation. Certain interesting find—
ings can be pointed out. Texas, for instance, leads in losses but is only 7th

ranked in total liability, or coverage. Illinois and North Carolina lead in liability
assumed and North Carolina and Kentucky lead in the number of losses per year.
Idaho, New York, and Oregon — which have losses to high value specialty crops —
rank high in the magnitude of the average per-farm paid loss.

Locations of these ten leading loss states are also of interest. Six are in the Great
Plains, three in the Midwest, and one on the East Coast. Comparison of the loss
estimates with the value of the annual crop production in these states reveals
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TABLE 6
How top states rank in crop-hail liability and losses
Average annual Average
Average annual number of individual Average annual
liability paid losses paid losses loss, estimated
Rank ($ million)* (1000's)* ($1000's)* ($ million)**
1 IL (315.1) NC (10.8) ID (1.8) TX(51.0)
2 NC (190.8) KY(9.8) NY (1.7) 1A(39.6)
3 IA (161.5) ND( 9.3) OR (1.6) NE (35.8)
4 ND (112.6) IA ( 8.2) FL(1.5) MN(28.5)
5 NE ( 91.5) KS ( 7.8) CA(1.4) KS (27.1)
6 KS ( 86.0) NE ( 7.7) AZ(1.4) ND (26.2)
7 TX ( 84.4) SD ( 5.4) PA (1.3) NC (16.6)
8 MN( 73.7) IL ( 5.0) WA(1.2) IL (16.3)
9 WA( 64.2) TX ( 4.5) MT(I.1) SD (16.2)
10 KY ( 59.9) MN( 4.4) CO (1.0) CO (15.9)
*Changnon (1972, Table 2), based on 1960-1969 data from crop-hail insurance
companies insuring about 10% of the national crop value.

**Boone (1974) in 1968 dollars, for 1966-1970. )

-

that losses in midwestern states represent about 1% of the annual crop value.
This percentage increases westward, to 2%2% in lowa and 5% in the Great Plains
states.

We show the crop-hail loss estimates made by Boone (1974) for the 13 hail re—
gions in Table 7. His figures were updated by the use of an estimated 1975 crop
price index. Boone points out that the loss estimation procedures he used are

apt to result in a net underestimation of losses. In addition, if there were no

hail, some areas would shift to crops more economically optimal (pasture to wheat,
for example) and this would be another source of underestimation. For all

crops, Boone's estimate of loss was $685 million in 1973 prices.

In spite of their limitations, the Boone estimates are presently the most compre—
hensive set available. They provide us an adequate view of the spatial profile of
losses by hail regions, as we see in Table 7. Clearly, the two important hail re—

gions in terms of crop losses are Region 7 (lowa, Kansas, Nebraska, Oklahoma,

and Texas) and Region 9 (Arkansas, Illinois, Indiana, Kentucky, Missouri, Ohio,
and Tennessee).

@ What about hail damage to property, urban as well as rural? What kinds of
damage occur and what is the size of the loss? Primarily, property loss due to hail
involves structures, livestock, trees, and vehicles.
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Some examples: Collins and Howe (1964) measured in detail the property
damages produced by a very severe hailstorm in St. Louis and found that losses
to roofs were 72% of the total property loss, to awnings 13%, exterior paint 7%,
glass 5%, and to siding 3%. A 1934 hailstorm that hit a 15,000 population
community in Illinois caused a $2.6 million loss to property, and NCAR surveys
of damaged smaller cities showed a $40,000 loss at Kimball, Nebraska, in 1974,
and a $31,000 loss at Grover, Colorado, population 100. We picture a common
type of property loss in Figure 12.

The property loss due to hail is considerably smaller than the crop loss. Chang-
non's 1972 studies of property loss in Illinois showed that average Illinois prop—
erty loss was about 10% of the crop-hail losses. An economic analysis of hail
loss in Alberta by Summers and Wojtiw (1971) indicated property losses in this
mountain-hail region likewise involved 10% of the crop loss value.

Friedman (1976) provided for this assessment estimates of 1975 property losses Property
by hail regions, as we have shown in Table 7. The previous estimates of property losses 10%
losses at 10% of crop losses appear to be consistent with these data, with of crop losses

$773,511,000 in crop losses and $75,000,000 in property losses for a total of
$848,511,000.

r@ TABLE 7 \

Annual losses to crops and property due to hail, by hail regions
Hail 1975 values * in $1000's
region Crops Property Total
1 18,520 18,520
2 8,906 8,906
3 27,204 520 27,724
4 47,273 690 47,963
5 8,771 80 8,851
6 81,552 130 81,682
7 319,881 15,140 335,021
8 61,960 1,640 63,600
9 104,436 14,140 118,576
10 32,979 5,270 38,249
11 4,066 1,470 5,536
12 44,317 670 44,987
13 13,646 250 13,896
Unallocated 35,000 35,000
United States 773,511 75,000 848,511
*Crop losses are estimated from Boone (1974) by applying an estimated
1975 crop price index of 194 (1967 = 100). Property losses are from
Friedman (1976), Table 17 in 1975 dollars. The property losses allocated
to hail regions represent those associated with catastrophes (storms in
which losses total over $1 million). The unallocated property losses are
those from weather events causing less than $1 million damages, for which

k the geographical distribution is unknown (Friedman, 1976, p. 29). J
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(@) FIGURE 12 \

Hail damage to house siding

/

ALTERNATIVES TO HAIL SUPPRESSION*

@) Our consideration of hail suppression as an adjustment to the hail hazard
for property and crops in the United States must be coupled with consideration
of other means of adjusting to this hazard. Other potential means for minimizing
or adjusting to hail loss — whether on an individual or national scale — include

either modifications to the environment or modifications to human behavior
(Brinkmann, 1975).

MODIFYING @ For one thing, farmers could alter crops grown in high hail regions to grow

THE those less subject to hail damage. However, prevailing cropping patterns indicate
ENVIRONMENT that increased net returns from reduced hail damage would more than be offset

by accompanying lower receipts — and/or higher input costs — associated with

These sections contributed by Stanley A. Changnon, Jr., and J. Loreena lvens.
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cultivating more hail resistant crops. Usually in any region two or more crops
can be grown successfully, and the one more resistant to hail could be selected —
for example, in Washington state, wheat could be grown instead of fruit crops
which are highly susceptible to hail. There is little evidence that this shift in
cropping due to hail loss is a valid one to consider, partly because hail loss is

not often extremely severe and partly because other limiting physical factors (soil,

rainfall, and temperature) dictate the type of crops. Investigation of this alterna—
tive does not appear to promise a substantial payoff (Brinkmann, 1975).

Only minor attention has been given to a related potential adjustment — making
crop strains such as wheat more hail resistant through genetic breeding. How—
ever, when we consider the extreme impact energy of hail, the improved breeding
answer does not appear promising. Another alternative, based on the prevailing
direction of hailstorms in an area, would concern the direction of planting of
row crops. Rows of crops, if parallel to the prevailing direction of hailstone fall,
protect each other and allow some hail to fall on bare ground, thus reducing loss.
This is an adjustment that could be easily applied — and at no cost — where
physical environment allows planting in any direction.

@Four other means of adjustment to hail loss concern modification of human
behavior. The first concerns the savings through improvement in hailstorm fore—
casting. Continued emphasis on hailstorm and thunderstorm research expected
in the next ten years will improve the accuracy for hailstorm forecasts for small
areas. However, even with good forecasts and warning systems, the range of pro—
tective actions available to the individual is quite limited. There is practically
nothing that can be done about crops, although movable property such as air—
craft and automobiles could be sheltered for some savings. However, improved
hail forecasting and warning systems would not be a very effective means of re—
ducing hail property damages.

Another approach to reducing the impact of hail loss, particularly to the indi—
vidual, is through noncontiguous land holdings. Since the average hailstreaks
are quite small, about two-thirds of a mile wide and six miles long (Changnon,
1970), a scattering of land holdings over an area diffuses the target for a given
individual. This approach to noncontiguous land is a growing trend throughout
much of the wheat and corn regions of the United States. Farmers now receive
a discount on their hail insurance if their property is scattered.

It is important to realize that although this adjustment serves to reduce the loss
to the individual, it cannot be expected to reduce the total area loss due to hail.
However, it does appear to be an adjustment that is desirable, if economically
feasible for other reasons, by farmers in high crop-hail loss areas.
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Crop-hail The third means for reducing hail loss to the individual is through insurance. In—

insurance surance is the most widely used adjustment to crop and property damages due to

protection hail. About one of every six farms in the United States has crop-hail insurance
and $300 million was spent on crop insurance in 1975. Various levels of cover—
age and types of policies are available to farmers (as we show in Chapter 5) and
can be purchased at any time during the season to allow for varying values of
crops and available resources to purchase coverage. In certain high hail loss areas
insurance rates are so high (25 to 30% of the crop value) that many farmers do
not purchase it (Brinkmann, 1975). The federal government also offers crop in—
surance through the Federal Crop Insurance Corporation (FCIC), which protects
against crop losses from all natural causes (all risk). FCIC coverage against losses
is fixed to the production expenses and must be purchased before specific closing
dates such as at seeding time. It has tended to encourage and support crop pro—
duction in marginal growing areas, such as corn in colder northern areas. A fur—
ther evaluation of the advantages and disadvantages of FCIC is contained in
Brinkmann (1975). Hail damage to property is largely covered by homeowners'
policies which insure against damage from a variety of adverse weather conditions.
Such extended coverage is frequently required for dwellings financed by mortgage

agencies.
Federal A fourth means for adjusting to the hail hazard is through relief and rehabilitation.
disaster Federal emergency assistance to farmers for damaged crops is available in low in—
relief terest loans which are available when a disaster is declared. Unfortunately, damages

from hailstorms alone often are not sufficiently severe over an area to evoke a
disaster declaration. However, a farmer can also seek assistance from severe hail
losses through the Agricultural Stabilization and Conservation Service (ASCS) as
low interest loans.

SUMMARY @ The various adjustments to the hail hazard can be considered as one of two

OF types, those adjustments which can be expected to reduce the average losses, and

ALTERNATIVES those adjustments which spread the burden of loss but do not reduce them.
Hail suppression, hail warning systems (as they relate to protectable property),
and resistant crop strains (or planting practices) fall into the first category.
Noncontiguous land holdings, insurance, and disaster relief fall into the second,
unrecoverable category.

There are several reasons why hail insurance is not a complete or satisfactory solu—
tion (to either sellers or buyers) for the hail problem in areas where there is a high
frequency of years with high losses.

First, the farmer perceives the frequent losses and saves by insuring himself because he
sees no advantage of insurance which is based on the perception of irregular, unpredict—
able losses.
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Second, the losses are so great that the cost of insurance, in relation to the total farm costs
of wheat production, is high (10 to 15% of the production cost) creating a cash flow prob—
lem for many farmers. Insurance companies also find it difficult to price the insurance at
a level that is both marketable and profitable.

Third, the companies realize that they can experience great losses, within the rate con—
straints they have to charge in high loss areas, and they tend to restrict the liability they
will assume in a given area (Hail Insurance Services, 1970).

Until recently it has been debated whether agriculture suffered sufficiently from
hail to invest in research aimed at reducing losses. This debate is understand—
able when we consider that, up until 1971, the nation had large farm surpluses
and farmers were paid for not planting certain crops. Now the situation is dif—
ferent. The current lack of substantial food surpluses in the United States and
the world, and the growing concern with the world food crisis, have led to in—
creased emphasis on research to enhance crop production (Ford, 1976).

The 94th Congress will be considering changes in farm price and income policy
and will be taking into account the fact that grain supplies have increased as

a result of the 1976 harvests. Because of the size of the current grain supplies
there will be some pressure to increase crop price support levels. However, our
focus in this technology assessment is on the longer-term period of twenty
years. The projections for demand and the rates of crop yield increase from
technology, which underlie our economic analysis, are presented in Chapter

10, pp. 263-265.

It would appear that the need for increased food production, coupled with
economic benefits including stability of income, could cause greater emphasis on
the adjustments to hail loss which can be expected to reduce, not spread, the
loss — given hail is recognized as a problem worthy of tackling. Certainly, re—
search to make crops more resistant to hail loss and incorporation of protective
planting practices seem valid. However, they do not seem to hold the potential
for reducing hail losses that hail suppression, if successful, can provide.
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SUMMARY OF CHAPTER 2-
THE HAIL PROBLEM AND ALTERNATIVE SOLUTIONS

@ The key characteristic of hail is its enormous variability in both time

and space. Except for a few Great Plains locales in the lee of the Rocky Moun—

tains where it hails on 5 to 10 days per year, most places in the United States
have only two or three hailstorms per year, and only one in 10 or 20 of these
may ever produce seriously damaging hail.

However, during the warm season (April-October), crop-damaging hail is falling
somewhere in the eastern two-thirds of the United States on almost every day;
in fact, major loss (>$1 million) days occur 20 times a year in the nation.
These infrequent but large loss events typically result from losses covering 15
or more states, and although these events represent only 5% of the hail loss
days, they account for 39% of the national loss.

Losses from hail are concentrated in crops, averaging $773 million annually
(1975 dollars) with $75 million in property losses. Fifty percent of all losses
occur in the Great Plains (Texas to North Dakota). The intensity of hailfalls
(hail and wind combined) is from 5 to 15 times greater in this area than else—
where in the United States. This coupled with the area's greater number of
hail days where wheat is the major crop results in heavy wheat losses. Wheat
losses are 51% of the national loss total, cotton is 11%, corn 10%, soybeans
9%, and tobacco 7%. About 25% of these crops are usually insured.

Insurance is the only major alternative to hail suppression, but insurance
spreads the burden of loss without reducing the losses as effective hail sup—
pression could. Although hail suppression is a much more uncertain alterna—
tive than insurance, insurance is not a complete solution. In the bad loss areas
of the Great Plains, losses are so great and frequent that farmers tend to self-
insure, or to be unable to afford insurance. Also in these areas, the insurance
industry finds it difficult to price coverage at a profitable level, and they tend
to restrict liability they will assume in any given area. Other alternatives to
hail loss include more resistant crop strains (yet to be developed), noncontigu—
ous land holdings, and disaster relief.
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3
Background

@ Hail suppression, as a solution to the hail problem, is not new. It has been
thought about for many years, and practiced for at least a quarter of a century.
Our assessment of the technology of hail suppression rests, first of all, on a
clear view of what has happened in the past, of the social-economic-political
climate in which hail suppression has been "born and raised,” and of the current
status of the technology that can be determined at this time. These background
factors are addressed in this chapter to form a base for future considerations.

HISTORICAL OVERVIEW FOR HAIL SUPPRESSION*

@ The field of planned weather modification has a modern history of almost 30 EARLY
years of application and experimentation throughout many parts of the United ACTIVITIES
States. These activities have tended to be intermittent and have concerned rain
and snow enhancement, hail suppression, and very local fog dissipation at air—
ports. Each of these areas of modification is in various stages of development
as a technology to alleviate weather-related stresses over areas of varying size,
generally ranging from counties up to large portions of certain states.

Efforts to suppress hail began in the United States in the 1950s. Privately sup— Projects
ported projects over small areas took place in high crop-hail loss areas in Nebraska precede
and West Virginia well before scientific experimentation had established either a experiments

scientific approach to hail suppression or proof of its effectiveness. However,

the efforts then, as now, were conceptually based largely on the hypothesis that
additional ice nuclei in the hail formation zone of a thunderstorm will increase
competition for the available super-cooled moisture, producing many small hail—
stones that will either melt by the time they reach the surface or be sufficiently
small to be harmless. In these early years, there was no way to directly inject
the materials for modification into the hailstone formation zones at high levels

in storms, so the materials were released either from the ground or from airplanes
circling below the storm clouds. (Note typical clouds in Figure 13.) The theories
and methods of cloud seeding for hail suppression are discussed in detail in Chapter 4.
The first major experimentation with hail suppression occurred in northeastern
Colorado in 1959 (Schleuseuer, 1962), but results were inconclusive.

*This section contributed by Stanley A. Changnon, Jr.
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ﬁ,j FIGURE 13

Typical hail-producing thundercloud

Operational programs of hail suppression, without any proof of success or any
foundation of sound scientific experimentation, continued into the 1960s and
1970s in Colorado, Kansas, Texas, North Dakota, and South Dakota where weather
modification companies have been employed to suppress hail. About 70,000 square
miles of the United States were seeded in 14 different projects for hail suppression
in 1974 (Charak, 1975).

In this same general time period, a series of events in the Soviet Union had a
considerable bearing on the eventual hail research and suppression activities in
the United States.

The Soviet Union has several major crop areas along its southern boundary where
wheat and high value crops suffer greatly from hail. The Soviets first experimented,
using a systematic engineering and empirical type of approach, with hail suppression
and then began operational (nonexperimental) hail suppression projects in their

high hail-loss regions during the late 1950s and early 1960s. Their published

claims indicated a 50 to 80% reduction in crop-hail losses (Sulakvelidze, 1967).
Their claims had a considerable impact on both the American scientific com—
munity and our federal agencies concerned with weather and its modification,

and helped promote a national hail effort in the United States (Hosier, 1974).

The Interdepartmental Committee on Atmospheric Sciences (ICAS), made up of
atmospheric scientists from each federal agency, reacted to the 1964-1965 Soviet
claims of successful hail suppression (Cbangnon, 1975a). A National Science
Foundation (NSF, 1968) report stated that the United States needed to test the
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Soviet method of hail suppression, and yet this report contained a section which
shows that the Soviet verification efforts were unrealistic and their claims of sup—
pression could not be substantiated. ICAS proceeded to recommend that NSF
and other agencies develop a comprehensive plan for hail suppression research.
The proposed plan of the Hail Suppression Research Steering Committee (NSF,
1968) stated, "We must determine if hailstorms can indeed be modified, and then
learn if it is worth the effort.”

Some atmospheric scientists accepted the difficult challenge of hail suppression.
Presumably, many saw in this new "national goal” the promise for substantial
increases in research funding, and many also believed a major modification
breakthrough could be achieved with hailstorms of the Great Plains (NCAR,
1969). The launching of a multimillion dollar national program of hail
suppression research, which eventually led to this assessment ten years

after the hail program began and after at least $25 million had been spent on
it, was not preceded by nor founded on results of any social or economic in—
vestigations.

Taubenfeld (1973) urged that study of societal implications begin early and be
a key input to the decision to start any major research project. This approach
was not used in the case of the national hail suppression research effort, or most
other weather modification projects, in the United States. It appears, although
not all would agree, that a national hail suppression effort was launched largely
on the basis of scientific hypothesis and opportunistic reasons.

Suppression experimentation, in conjunction with rain enhancement experimenta—
tion, was conducted in parts of North and South Dakota during 1966-1972.
Although the experimental results were not considered conclusive by the scientific
community, widespread adoption of operational hail suppression coupled with
intentional rain-making took place in these two high hail-loss states. More than
half of each state was being routinely seeded with a goal to suppress hail and
make rain in 1975. Public controversy ended the state program in South Dakota
in 1976 after four years of operations.

Hail research that focused on suppression began in 1959 in northeastern Colorado
and was pursued in the 1960s where a high hail frequency area exists (see Figure
4, Chapter 2). This circumstance, coupled with the presence and interest of
several major weather research groups in Colorado, made that the site eventually
chosen for a major national hail research experiment on suppression (NCAR,
1969). Thus, the reaction to the Soviets' claims led to a national commitment

to execute a major research experiment to establish whether hail could be sup—
pressed and, if so, to develop the physical explanations for it (NSF, 1968).

After delays in planning, this National Hail Research Experiment (NHRE) was
initiated in 1972. After three years of randomized daily seeding experimentation
(1972-1974) and one year of analysis (1975), results indicated increases in hail
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and in rain, but these increases were not found to be statistically significant.
These results are considered by many scientists to be inconclusive because of a
variety of questionable experimental procedures and technical problems; never—
theless very useful findings about the structure of hailstorms are being produced.

The third part of the national commitment to hail research and suppression led

to a third hail research program in Illinois. A series of projects culminating in

the design of a hail suppression experiment applicable to the storms of the Midwest
have been completed in Illinois (Changnon and Morgan, 1976a). However, no
operational projects nor experiments have been pursued yet in the Midwest.

SUMMARY @ The 20-year history of hail suppression in the United States is a story of con—
siderable confusion and scientific uncertainty. The history shows that operational
projects have been adopted and experimentation has followed. Private weather
modification companies have provided a service involving an uncertain technology
when farmers were suffering from hail losses, and all this occurred well before
scientific experimentation occurred or any definitive understanding of processes
could be developed. In fact, it has yet to be developed.

Recent experimentation in North Dakota has provided encouraging statistical
evidence. Evaluation of longer-term operational projects without the benefit

of randomization is difficult, but several evaluations have been performed to get
information on the current status of hail suppression (Changnon and Morgan,
1976b; Simpson, 1975). These have tended to indicate a suppression of crop
losses due to hail on the order of 20 to 40%, but this has not been established.
The statistical evidence is much stronger than the physical explanatory evidence.
The National Hail Research Experiment has not provided any indication of
suppression of hail, either from a statistical or physical standpoint.

HAIL SUPPRESSION EFFORTS IN THE UNITED STATES*

@An important part of the task set out for this technology assessment of hail
suppression was to investigate the societal factors involved with the technology —
a feature neglected in its early development. The record of past and present
hail suppression projects and descriptions of some of their social, economic, and
political settings are important background clues to assessing future development.

CLOUD @ No complete record of cloud seeding activity in the United States exists.
SEEDING Weather modification has been characterized by partial and fragmentary record—
RECORDS keeping; therefore, we had to use a variety of sources of data.

*These sections contributed by Barbara C. Farhar.
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The first and major sources were the ten annual reports on weather modification
published by the National Science Foundation (NSF, 1959 through 1968). In
1958 Congress passed P. L. 85-510 giving NSF responsibility to initiate a national
program of research and development in weather modification. In 1966, NSF
utilized its authority to require reporting of all commercial activities in the United
States, but in 1968, NSF's role in weather modification was curtailed and its
authority to require reporting was lost. It is unclear, however, whether all fed—
erally sponsored projects (such as classified projects of the Department of Defense)
were reported during this period. Reporting was then continued on a voluntary
basis until 1971. Between 1971 and November 1972, no records were kept at

all on the federal level, but compilations of weather modification were reported
by Haas (1973) and Farhar (1975).

On November 1, 1972, under the authority of P. L. 92-205, the National Oceanic Intermittent
and Atmospheric Administration (NOAA) required reporting of all commercial reporting
cloud seeding. Subsequently, NOAA worked out protocol reporting agreements programs

with the other federal agencies conducting or sponsoring weather modification
field projects. Thus, January 1, 1974, marked the start of the first year in which
complete records of all such activity were kept (U.S. Department of Commerce,
1974a, 1975).

The findings reported here cover the period July 1, 1958, to February 28, 1975, Limitation
or approximately 15 years. The figures reported undoubtedly underestimate of the data
weather modification activity because:

1) Reporting was not compulsory for most of this period

2) Records were not kept at all for part of the period
However, the figures have been drawn from all the possible data sources, making
this the most accurate summary currently available.

The NSF activity reports did not contain detailed descriptions of reported proj—
ects, but only a breakdown by state and by whether the project was experimental
or operational. It was possible to fill in some of the missing data through other
sources (National Academy of Sciences, 1973; U.S. Department of Commerce,
1973a, 1973b, 1974b; Comparative Study data, 1975), but for about 40% of the
known activities, the project's purpose is not known. In sum, the figures re—
ported here are approximate and conservative.

Over the 15-year period Farhar, Haas, and colleagues located 357 weather modifica— Findings
tion projects.* As we show in Table 8 each of the 13 hail regions of the country on cloud
experienced weather modification field activity during this period. However, eight seeding

states (17% of the continental United States) had no cloud seeding activity; these
are: Delaware, Georgia, Kentucky, Mississippi, North Carolina, Ohio, South Carolina,
and Tennessee. Most activity has been carried out in the western United States.
More than 70% of the projects were operational rather than experimental.

*A project was counted only once even if it occurred for several consecutive years;
projects range from 1 month to 15 years.
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€%) TABLE 8
History of cloud seeding, 1958-1975
Number of projects
Hail Involving
region States Experimental Operational Total bail
1 Arizona, California 19 29 48 0
2 Nevada, Oregon, Washington 11 39 50 1
3 Montana 5 9 14 0
4 Colorado, Idaho, Wyoming 13 33 46 7
5 New Mexico, Utah 5 9 14 0
6 North Dakota, South Dakota 14 31 45 19
7 lowa, Kansas, Nebraska, Oklahoma,
Texas 12 36 48 6
8 Minnesota, Wisconsin 2 8 10 0
9 Arkansas, lllinois, Indiana, Kentucky,
Missouri, Ohio, Tennessee 5 12 17 0
10 Alabama, Florida, Georgia, Louisiana,
Mississippi, South Carolina 4 12 16 0
11 Michigan 0 17 17 0
12 North Carolina, Pennsylvania,
Virginia, West Virginia 4 5 9 1
13 Connecticut, Delaware, Maine,
Maryland, Massachusetts, New
Hampshire, New Jersey, New York,
Rhode Island, Vermont 11 12 23 1
Totals 105 252 357 35
29% 71% 100% 9%

\

About 9% of the projects (or 35 of the 357 projects located) definitely involved
hail suppression, either alone or in combination with precipitation augmentation.
As noted earlier, however, a large proportion of project purposes are not known;
it is likely that some of the unidentified projects were, indeed, hail suppression
projects. Of the 357 projects, 207 were identified as to purpose; 17% of these
involved hail suppression. A simple extrapolation to the unknown projects sug—
gests that the number of hail suppression projects over the last 15 years in the
United States is about 61 (17% of the total).

Table 8 indicates that seven hail regions did not experience hail suppression, while
six did. Actually, 12 states (25% of the continental states) are known to have
experienced a project involving hail suppression during the 15 years. These states
are: Colorado, ldaho, Kansas, Nebraska, North Dakota, Oregon, South Dakota,
and Texas. During this period, there were projects in portions of Pennsylvania,
Maryland, Virginia, and West Virginia.

We present in Table 9 the data on projects by region and project purpose. The
most frequently occurring type of project was precipitation augmentation, fol-
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Recent history of cloud seeding by hail region and type of project
Hail regions Total

Type of project 1 2 3 4 5 6 7 8 9 100 1 12 13 N Percent
Hail suppression 1 5 1 4 1 1 13 3
Precipitation augmentation

and hail suppression 2 18 2 22 6

Precipitation augmentation 16 1 4 2 23 9 6 4 9 1 75 21
Snowpack augmentation 22 6 2 9 3 2 1 45 13
Drought relief 1 3 1 5 1
Fog dispersal 6 9 1 2 1 1 3 1 3 8 35 10
Lightning suppression 1 2 1 1 1 6 2
Snow or rain redistribution 1 1 2 1
Cloud electrification 2 1 3 1
Hurricane modification 1 1 o*
Not known 2 33 9 24 5 21 13 9 9 8 4 13 150 42

Total 48 50 14 46 14 45 48 10 17 16 17 9 23 357 100
*.0028011

- _/

lowed by snowpack augmentation, fog dispersal, precipitation augmentation in
combination with hail suppression, and hail suppression.*

The western United States has experienced far more weather modification activity Most activity
than the eastern part of the country, a finding which holds for hail suppression as in the west
well. About half of the hail regions, but a quarter of the states, have experienced

a project involving hail suppression since 1958.

The public's experience with hail suppression is indeed limited (Farhar, 1975).

@ The sociological aspects of weather modification have been studied since SOCIAL,
the late 1960s. Two longitudinal surveys of populations experiencing hail sup— ECONOMIC, AND
pression were taken in northeastern Colorado (Haas and Pfost, 1972; Haas and POLITICAL
Krane, 1973a, 1973b; Krane, 1975) and in South Dakota (Farhar and Krane, SETTINGS

1973; Farhar and Mewes, 1974, 1976). Other projects have been monitored by
social scientists studying acceptance/rejection processes. Hail suppression has been

accepted in northeastern Colorado, Kansas, and North Dakota; it has been the Some projects
focus of controversy and organized opposition in the San Luis Valley of Colorado, accepted, others
the Texas Panhandle, South Dakota, and the Blue Ridge area. Opponents in opposed

these rural areas have felt that hail suppression "dissipates” clouds and results in
reduced rainfall. Some opponents believe cloud seeding did not effectively decrease
hail (Farhar, 1976a; Mewes, 1976).

In order to give the reader a better understanding of the types of events that
may surround a hail suppression effort, three case histories, representing areas

*Detailed summaries of projects by purpose and state, as well as the raw data, are available from
Human Ecology Research Services, Boulder, Colorado.
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Locations of hail suppression projects

e Operational programs that
ended before 1976

® Operational programs going
in 1976

A Site of past experiments

where hail suppression has become a controversial issue, are presented. Spe—
cifically, we describe the events and processes surrounding hail suppression e
forts in Colorado (San Luis Valley), South Dakota (South Dakota Weather
Modification Program), and Texas (Littlefield/Plainview) from their inception
until 1976. We show the locations of these projects in Figure 14 along with
the sites of the hail suppression experiments. The three cases involved opera—
tional (not experimental) cloud seeding.

Several important factors concerning social response to hail suppression are high—
lighted by these cases. First, each case involved heterogeneity of weather needs.
That is, within the project area, differing requirements for beneficial weather
existed. Some crops at certain periods of time benefit from additional rainfall
while others would suffer damage from rainfall at that time. Range or pasture
may benefit from moisture deposited by hail, while crops are damaged by hail.
Irrigated crops are less dependent upon natural precipitation than dryland crops
or range. Heterogeneity of weather needs is the basis for system-level conflicts
of interest with regard to planned intervention in weather processes.

Second, in each case a drought developed while cloud seeding was being im—
plemented. Opponents were inclined to attribute dry conditions to cloud seeding
for hail suppression. The opponent theory of hail suppression is that all clouds
approaching the target or protected area are seeded to cause their dissipation

so that they cannot build up to hailstorm size. In the process, opponents say,
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clouds that would have produced beneficial moisture are being destroyed. Those
conducting the cloud seeding deny these allegations, stating that, if anything,
seeding for hail suppression should increase rainfall in the target area.

Third, each project was carried out in a context of scientific dissensus about

the readiness of hail suppression for operational application. All three of the
cases to be discussed occurred concurrently with the National Hail Research
Experiment (NHRE) in Colorado, whose purpose was to discover whether and
by what means hail could be suppressed. Since no definitive answer has yet
emerged from the NHRE effort, operational hail suppression remains a matter of
scientific controversy.

Findings from a survey of weather modification experts showed that experts varied
in their opinions about how ready for operational application various technologies
are (Farhar, 1976b). The survey, conducted by mail in April 1975 with 551
respondents, showed that among 12 technologies studied, there was general
agreement on seven that they were or were not ready for operational application,
and general disagreement on five. The five technologies on which there was dis—
agreement included summertime precipitation augmentation and hail suppression.
Disagreement on these technologies occurred on the basis of:

< Organizational affiliation (with respondents affiliated with weather mod—
ification firms more likely to state that the technology was ready for
operational application than respondents from research institutes or
federal agencies)

< Organizational responsibility (with those responsible for or interested in
applications more likely to assess technologies ready for operations than
those engaged in physical research and development)

= Academic background (with those trained in agriculture, engineering, and
social science more likely to assess technologies as operationally ready than
those trained in meteorology, atmospheric science, physics, and statistics)

In general, the higher the education level of the respondent, the less likely he was
to assess these five technologies as ready for applications.

One implication of these differences in expert opinion is that in some areas the
adoption decision to be made is a decision with regard to a scientifically un—
certain technology. The uncertainty implies that a degree of risk is involved (the
degree may be quite limited, but may be said to exist); in general, risk-takers
prefer to adopt their own risks, rather than have such decisions made for them.

Fourth, the degree of public participation in the adoption decision varied in the
three cases. In Colorado and Texas, voluntary associations of agriculturists (ir—
rigating farmers in both cases) raised funds and contracted for hail suppression
with a weather modification firm. In South Dakota, the adoption decision was
made at the county level by county commissioners. It is probable that the
degree of participation in the adoption decision in all three areas was not high.
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Fifth, it is noteworthy that in all cases adoption occurred in high hail-loss

areas — where hail destroys up to 20% of the crop. Willingness to adopt an
uncertain technology — one perceived as potentially ameliorative and possessing

a low probability of causing damage — is clearly enhanced in areas where hail is a
serious problem.

Finally, in all three cases, the credibility of those supporting and running the
programs was called into question by opponents. A polarized situation developed
in communities where hail suppression was adopted. Arguments raged over both
the technology's effectiveness and how decisions were made to adopt it. Or—
ganized opposition emerged in the three cases; in two, the opposition groups were
successful in halting the projects; in one, a decision is pending on the program's
continuance.

@ In a normal climate of scanty rainfall (6.5 inches per year) and relatively

SAN LUIS VALLEY, frequent occurrence of damaging hail, cloud seeding was introduced in 1951 into

COLORADO

the San Luis Valley. This early effort resulted in local opposition on the

grounds that "abnormal weather" was occurring, primarily drought (Kaplan,
1973). Subsequently, four major lettuce growers in the Valley financed a program
for hail suppression from 1963 to 1965. One of the sponsors felt that the
program suppressed hail but was too expensive to maintain (Kaplan, 1973).

In 1967, an ex-Navy man with some experience in weather modification
projects persuaded Coors Industries of Golden, Colorado, that a weather mod—
ification program could aid the brewing barley crop grown in the hail-prone
San Luis Valley. Since hail (or moisture in any form) is particularly damaging to
barley during its ripening stages, the brewery was interested in what could be
done to protect the crop. For the summer of 1967, Coors hired a commercial
firm to seed San Luis Valley clouds for hail suppression (Garcia, 1973). At that
time, the Colorado statute provided minimal regulation of cloud seeding, with
no provisions for public hearings (151-1-1 et seq. C. R. S. 1963). The modification
firm implemented a project in 1969 with three purposes:

1) To increase precipitation during the growing season

2) To decrease precipitation at harvest time when moisture could damage

the ripening barley
3) To suppress hail throughout the growing season

These three project purposes were themselves a source of controversy in an area
where 75% of the local economy was dependent on ranching, and pasture stood
to benefit from almost any type of precipitation. The rain suppression (or "rain
diversion™) aspect of the project was especially controversial in this setting. The
firm apparently claimed that it was within its technical ability to control a
variety of severe storm situations, including tornadoes, hail, high winds, and heavy
rains (Flavin, 1971; Pickering, 1970).
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In 1970, an independent insurance company, Western Inter-Insurance Exchange, Insurance
was formed to support the weather modification projects and to insure against company
hail damage. The Valley Growers, a group of about 300 producers of Moravian short-lived
barley under allotment to Coors, were the supporters of the Exchange. At the

end of the 1971 season, the insurance company became defunct. Over a million

dollars in hail damages had been paid out that year. Subsequently, Coors in—

formed the Valley Growers that they were to be responsible for the support of

continuing a hail suppression program, a prerequisite for Coors' continued pur—

chasing o