History Repeated: The Forgotten
Hail Cannons ot Europe
Abstract
A major weather modification effort at the turn of the century went
unnoticed by the "pioneers" of 1950-70. There are several amazing
similarities between the two periods that point to two key truths, the
need for scientific resolution of weather modification questions, and
for awareness by all scientists that events of the past are often
relevant to new research considered to be of a pioneering nature.

1. Introduction
Almost everyone realizes at least once in a lifetime that some
bright " n e w " finding is but an old truth rediscovered. So may
it be also with a series of events, one falling after another in
apparent unprecedented fashion to some unexpected conclusion, only to be discovered as a repetition of another set of
events in history.
Weather modification seems an unlikely field for such historical reenactments—it's too new. Its scientific history is
generally marked as starting only after Vincent J. Schaefer's
1946 cold box discoveries about the production of ice embryos f r o m dry ice (Schaefer, 1968). In the some 30 years
since, those involved believed they were at the "cutting
edge," discovering new truths and fallacies not only about
clouds and seeding nuclei, but also about people's attitudes
toward changing the weather. The incantations, sacrifices,
bell ringing, and gun firings of ancient times were vaguely
known—the legends of primitive civilizations trying to cope
with the devastations of the weather. The real science had
just begun!
Review of the modern activities of the last 30 years during
a multidisciplinary technology assessment of hail suppression (Changnon et al., 1977) revealed a fairly well defined
chronology of events in hail suppression and weather modification. First was the concept of cloud seeding, but with
slowly developing scientific interest and understanding. Almost immediately, however, came rapid development of
seeding devices and instruments to measure clouds, along
with an eager public willing to buy and use an uncertain
technology. Operational seeding projects were started in
small areas around the nation by entrepreneurs. Meanwhile,
numerous concepts and hypotheses as to how seeding works
were purported. State and federal government agencies
moved to fund a few studies and experiments, and proponents (and later scientists) gathered at "weather modification
conferences." At some later time, the local sponsors' initial
optimism gradually turned to doubt and disenchantment.
Then came the controversies—over how to modify the
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weather, whether it worked, whether it caused droughts, how
to evaluate projects, and whether it should be done at all
(Changnon, 1977). By the mid-1970s there was some scientific proof that the snow and rain had been modified, but essentially no proof for hail suppression. By 1977 public use of
hail suppression had been reduced. Federal support of all
weather modification research, which had become the prime
input with a high of more than $20 million, dwindled to
about $10 million by 1979. Hail suppression research funded
at $5 million per year in the early 1970s had totally disappeared by 1978. Dejected and doubting practitioners of hail
suppression had only the comfort of believing their mistakes
and ignorance might be excused because they were the first to
explore the new and complex issues.
No new experiences, these! At the close of the 19th century
a serious investigation of hail suppression, surprisingly postulated on a concept that agrees with one modern-day scientific hypothesis, took place. The story of these events reveals
that many of our 1946-79 experiences were not new ones. Its
retelling reveals several similarities to the modern era of
weather modification and the attempts to use a technique
without scientific understanding. Its review may teach us to
avoid several past pitfalls before they happen yet again. Before retelling the events of the 1895-1906 period of hail suppression, it is important to recognize that the modern era of
weather modification has had a stronger scientific base than
existed in 1895-1906. There has been a considerable development of understanding of cloud physics since 1906 (understanding of the role of supercooled water and ice nuclei, and
systematic and direct observations of seeding effects on
clouds) and a greater application of sophisticated statistical
tests, to name two of the differences.

2. Devices and success
In 1880 an Italian professor of mineralogy stated that it was
conceivable that the formation of hailstones could be prevented by injecting smoke particles (to serve as condensation
nuclei) by means of cannons fired at thunderstorms. The
concept of using cannons to provide nuclei to suppress hail
was experimented with in 1896 by M. Albert Stiger, the Burgomaster of Windisch-Feistritz (a municipality in the province of Syria, Austria) and a famous wine grower (Plumandon, 1902). Stiger was an inventive promoter, a politician
who was inspired by a desire to help relieve the enormous hail
losses in his province. Using backyard tests over a period of
several years, he had evolved a vertical-pointing muzzleloading mortar, resembling a very large upright megaphone
(Fig. 1). When fired, it produced a large smoke ring that
whistled loudly as it rose to a height of typically 300 m above
the cannon. The final design for his cannon (or mortar) was
Vol. 62, No. 3, March 1981
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FIG. 1. A typical hail cannon and shed for storing the powder (from
Plumandon, 1901).

achieved by 1895; it was funnel-shaped with a 2 m high barrel
made of 2 mm thick sheet metal mounted on a large wooden
block. The top opening was 69 cm in diameter, with the funnel decreasing to 20 cm at the base.
When Stiger had what he considered the best design and
operation (amount of powder) for the cannon, he launched
his first "experimental test," operating six cannons in his
province during the 1896 hail season. It did not hail at all,
and the local enthusiasm led to construction of 30 cannons,
which were installed in this Austrian municipality in time for
the 1897 hail season. Again, no damaging hail fell in
Windisch-Feistritz, while severe hail losses occurred in surrounding provinces during that year. Two years of experimentation in a target-control mode suggested a major solution to the hail problem.
The stage was set for wide interest in this technology. It
was believable as a new version of the centuries old "weather
shooting" because the firing was done before the storm
developed and rain began (a new concept), and because
Stiger's cannon was vastly different from any before it. (We
also saw after 1946 that new seeding devices and concepts
brought forth public utilization and new scientific hope.) It is
worth noting that in the same general time period experimentation with explosives to make rain was being pursued in
Texas (Byers, 1974). This effort, supported by the Department of Agriculture, ended after two years of trials and no
apparent success.
Another important factor behind interest in Stiger's cannons was the enormity of the hail-induced crop losses in
Austria, France, and Italy. The losses were a bigger problem
in the 19th century than they are today because there was
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little affordable hail insurance (Morgan, 1973). Frequent hail
in areas of high value crops (largely vineyards) of these
European nations made them likely candidates for development of techniques to suppress hail. For years, village priests
had rung church bells and called for prayers and contributions to shield the local village and farms f r o m hail.
Moreover, in 1575 Pope Urban VIII authorized a prayer for
consecrating church bells that called for "driving away the
harmful storms, hail and strong winds" (Oddie, 1965).
History reveals the intensity with which man has longed to
alter the weather, and particularly to dissipate severe storms
and droughts. Midwestern Indians even developed a practice
for trying to dispel fogs (Harrington, 1894). The use of
weather shooting for hail suppression had been practiced in
Europe since the 14th century, operating on the theory that
the noise produced a change. The shooting became so popular and so extensive in Austria and Italy that the peasants
were wounding and killing each other. In 1750 Empress
Maria Theresa outlawed the use of cannons by the Austrian
peasantry because of the accidents and because of complaints that firing in one area resulted in more hail or less rain
in another area (Anonymous, 1900). Today, this type of complaint about downwind or extra-area effects is still a largely
unanswered scientific issue. People still perceive that hail altered in one place affects the weather adversely somewhere
else, and this helped lead to the termination of hail suppression projects in Texas and Colorado in the 1970s (Changnon
et al., 1977). The Austrian ban against weather shooting (and
the ringing of church bells to ward off storms) was revoked in
the late 18th century, opening the way for Stiger's
experimentation.
Word of Stiger's local success in 1896-97 spread to Italy.
Dr. E. Ottaviri of Italy visited Windisch-Feistritz in 1897 and
became a convert, taking cannons back to Italy (Pernter,
1900). The firings in 1898 in Austria and Italy appeared successful, and the use of Stiger's mortars to suppress hail
widened rapidly. The mortar became well known as the "grelifugue" (hail preventing) cannon and was advertised as making its firing "convenient and rapid." Importantly, a local
Austrian manufacturer of munitions became interested in
1896, and by 1898 the Greinitz and Nephews Company was
busy manufacturing and selling cannons in Italy, France,
and in other areas in Austria.
Not everyone was totally convinced yet. M. Ottavi, deputy
of the Italian Parliament, made the following statement in an
official report (Plumandon, 1903) on the results obtained
during 1898:
It may be stated that the firing has produced good
results only at Windisch-Feistritz where the success of
the two preceding years [1896-1897] has been maintained. In the other localities, it has not been at all
satisfactory. The negative results are all the more surprising since the firing was begun in time and carried
on perseveringly. However, although the experiments
of 1898 do not justify us in coming to a definite conclusion as to the practice of firing into the clouds, it is
necessary to continue what has begun.
Nevertheless, by 1899, word of the appreciable use of hail
cannons spread to other high hail loss areas in Europe.
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Enthusiasm about how man was finally able to solve the hail
problem grew. Failures to suppress hail were generally
blamed on improper firing of cannons. Users and buyers
came to Austria from everywhere in Europe! Hail prevention
associations developed in four provinces of Italy, and French
and German farmers began to buy the cannons. By 1899
major programs existed in four nations. The fervor in Italy
was so great that 2000 cannons were operating there in that
year.
The adoption of use of the hail cannons during 1897-99
took on two other interesting characteristics common to the
modern era of cloud seeding. First, the modification effort
was based on a grid of shooting stations manned by volunteers, an approach commonly used in the operation of
ground-based seeding devices since 1950. Second, the Italian,
Austrian, Swiss, and French governments set up governmental units within provinces for hail control (to raise funds and
to manage the operation). Similar state or district units were
organized in the 1970s in North Dakota, South Dakota, and
Utah (Changnon et al., 1977).

quote this hypothesis because it relates well to modern seeding concepts. Abbe wrote:

3. Concepts and cookbooks

Scientists of today must stand a little abashed—cloud
seeding to suppress hail by the promotion of coalescence was
first hypothesized in 1900, not in recent years (and it still has
not been resolved)! Young (1977) considers hygroscopic
seeding to promote coalescence in the warm part (>0°C) of
the cloud, so as to reduce the water available for hailstone
growth; a feasible approach to hail suppression.
The technique of "how to modify storms" also became
very well specified as early as 1898. This is particularly intriguing when one realizes that there were many uncertainties
about what happened after the cannons were fired. It is interesting how specific the "recipe" can get for use of an uncertain product, as we still see today. One way to make an uncertain technology look impressive is to prepare a very specific
description of how to do it.
The Austrian innovators and the promoters of the hail
cannon technology evolved a variety of cannons and developed a very detailed set of instructions, including a printed
pamphlet. They specified various arrays of the cannons to be
used in an area, the types of cannons to be used (they manufactured five sizes), and the types of explosives. Following is
their advice (Suschnig, 1900):

As usage grew rapidly during 1898-99, still other activities
similar to those seen in the United States during the 1950s occurred. First, the techniques for cannon "seeding" became
very specific (thanks to Stiger and the cannon manufacturer),
which made it appear well founded. Second, hypotheses
about how the modification worked were stated, questioned,
and further clarified. Some of these 19th century hypotheses
and techniques, in their retelling, are similar to those of our
so-called modern era.
Three hail suppression hypotheses had been offered by
1899. Interestingly, none was based on the concept of shattering already-existing hailstones because, as one Austrian
scientist stated, "That [cannon induced] vibrations can destroy hail has no foundation in physics" (Pernter, 1900). This
lesson and wisdom somehow escaped several modern scientists, who in the 1950s pursued investigations of shattering
hailstones by shock waves (Vittori, 1960; Stout, 1961). In
fact, a major rocket industry developed in Italy after World
War II; it annually sold a million dollars worth of explosive
rockets to Italian farmers from the late 1940s until the
rockets were outlawed in the early 1970s (Morgan, 1973).
Stiger offered two concepts of how the prestorm firing
altered hail. First, the shock disturbed the atmospheric
motions and the intense stillness that preceded a hailstorm.
The second concept, developed after study of the vortices
emitted by the cannons, was that they formed a very strong
whirlwind extending upward at least 600 m, which altered
(dynamically) the formation of the hail in the approaching
cloud. We now know it would be possible for some effect on
the updraft of air at cloud base to exist, but Stiger and his
associates were unaware of that important aspect of cloud
and storm formation.
The third hypothesis of how the cannon suppressing technique worked was described in 1900 by Abbe (1900). We

. . . the energy of the movements within the vortex
is too slight, in comparison with the energy within a
hail cloud, to justify us in expecting any appreciable
mechanical disturbance. On the other hand, the
European experiments show that the Stiger vortex is
essentially a white cloud of fine particles resulting
from the explosion of the gunpowder. Now, a cumulus
cloud is, as is well known, composed of aqueous particles condensed primarily upon dust nuclei. The condensation of moisture within a rising cloud is hindered
until a state of extreme supersaturation is attained because the condensing moisture has no nuclei on which
to collect, except the small drops of water already
formed. Now, the mortar vortex brings to the cloud
a fresh accession of innumerable dust nuclei and,
moreover, nuclei that are especially favorable to the
condensation of moisture. This must, therefore, to a
moderate degree, facilitate the formation of new drops
of water and the prevention of that stage of supersaturation as the result of which large drops of water, or
large hailstones, or large snowflakes, and balls of snow
are formed.

If there be any small region peculiarly liable to destructive hail, the Stiger method could be satisfactorily
tried by covering this region with cannon stations
arranged in four lines, each 10 kilometers long and
1 kilometer apart, so as to cover 40 square kilometers.
The type of cannon chosen should be based on ground
elevation [and hence distance from cloud base]. We
would recommend placing in the first of these lines the
apparatus of type E-400; in the second line, type
D-350; in the third line, type C-300; and in the fourth
line, type B-250; we believe that type A-200can only be
used to advantage at places of high altitude [700-1000
meters above sea level].
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Costs of the cannons ranged from 110 to 240 crowns ($300 to
$700).
By 1899 a sizable hail cannon suppression effort had developed in Europe. Americans were even asking questions
about importing cannons. Then another activity similar to
that of weather modification in the modern era began—
scientific and user conferences.

4. Assessment by conversation
The first of the hail suppression conferences occurred during
November 1899 in Casale, Italy, an area of great hail losses
where suppression cannons had just been widely introduced
(Pernter, 1900). Five hundred delegates came from various
provinces of Germany, Italy, Austria, and all Italian ministries of government. After four days of papers and testimonies, four professors were chosen to summarize the Hail
Congress. They drafted the following conclusions (Plumandon, 1902):
The Congress, after having inquired into the results
obtained by the experiments carried on in Syria,
Dalamatia, Piedmont, Lombardy, Venice, Emilia,
and Tuscany is convinced.
1. That the cannonading has made the prospect for
the solution of the great problem of preventing
hail very encouraging.
2. That the results attained this year [1899] could
not be more full of promise.
The Congress expresses the hope that the regions in
which the first experiments have taken place this year
may succeed in perfecting the means of protection,
taking as a basis the experience already acquired.
M. Ottavi, who had been a major Italian skeptic, was the organizer of this "investigative" Congress. The optimism and
evidence of success influenced him, and he helped write these
positive comments.
The prevailing 1899 optimism of the users, who had spent
large sums to protect their vineyards and who had used this
new service only one or two years, is not atypical of the users
of modern weather modification. Questions asked in 1898-99
were related to technique differences, since it was a "given"
that it worked. The discussions dwelt on how many cannons
of type " X " to put in area "A."
A review of what had happened in Europe at this stage is
revealing:
1) A suppression concept had been offered (1880).
2) It had been used as a basis for an Austrian project for
four years without major crop losses or adverse effects
(1896-99).
3) A manufacturer of the seeding systems (cannons) had
become involved (1897-99).
4) Use had spread widely and rapidly (1898-99).
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5) Reasonable (for then) sounding hypotheses based on
observations had been offered (1897-99).
6) A supposedly definitive technique to modify storm
clouds was available (1898).
7) Users and scientists had met to exchange views and
sharpen modification approaches (1899).
Many parallels to this sequence of events can be found in the
United States in the 1946-67 period. However, the next few
years of cannonading, 1899-1902, brought another set of
events common to the modern era of weather modification.
The conclusions of the 1899 Hail Congress in Casale were
so optimistic that they raised the enthusiasm of the European
vine growers to a high pitch. The use of cannonading spread
into Hungary, Spain, and southeastern France. But it was
especially in Italy that the number of cannons increased. As
examples, between 1899 and 1900 the number of cannons in
the province of Venice increased from 466 to 1630; in Brescia
from 260 to 1455; and in Treviso from 87 to 1334. At the end
of 1900, 10000 cannons were distributed among the vineyards of upper Italy, and 9500000 firings had taken place in
that year. This tremendous agricultural artillery, unfortunately, did not work without accidents. In Venice and
Brescia, where there were 3000 cannons, seven deaths and 78
injuries due to firing accidents were reported in 1900.
The increase in cannonading and the great European interest led to the calling of a second international congress. It
took place at Padua, Italy, at the end of November 1900, and
was under the presidency of M. Alpe, a professor at the
school of agriculture in Milan. Sixty different models of cannons were displayed; the largest weighed 9000 kg, was 9 m
long, and pivoted in all directions (Fig. 2). Another very extraordinary model functioned without powder and without a
gunner. It was an acetylene cannon in which an electric fuse
caused an explosive mixture to be detonated in the air. A
clockwork movement regulated the firing of the cannon, and
it could also cause all the cannons in a vast region to be fired
at the same moment by a connecting wire.
Quotes from two representatives at the Congress (Plumandon, 1903) are typical of the optimism in 1900. M.
Tamaro, Director of the Agricultural College in Lombardy,
maintained that "recent facts confirmed by thousands of
stations, serve to establish perfect confidence in the protection of the crops by cannon." M. Sandri, Director of the
Agricultural College of Brescia, called for "a vote recommending a law that should render obligatory the protection
by cannonading when this protection is demanded by a
majority of those interested." However, one Italian scientist
present declared that "it is impossible to pronounce, from a
scientific point of view, as to the efficacy of the firing, and
that this question can only be really practically demonstrated
by statistics of actual damages, studied with care and impartiality, with the aid of observations collected for several
years." Similar declarations have been issued at every
weather modification conference convened in the United
States, including the first one in 1968.
The 1900 Padua Congress adopted this concluding statement: "This Congress, after having heard the reports and
successive discussions upon the results obtained during the
year 1900, in Italy and in other countries, considers the great
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FIG. 2. One of the larger models of hail cannon (from Morgan,
1973).

efficiency of shooting as a protection against hail as having
been proved beyond all question."
The third International Congress on Hail Shooting was
convened in Lyons, France, in 1901. By this time, government agencies had become heavily involved in the hail can-

nonading and bureaucrats had become the prime spokesmen
for this exciting new technology. A similar evolution from
user leadership to state government control has been occurring in weather modification in the United States during the
1970s.
The beliefs of the government representatives, as expressed in their papers given at this Congress, varied widely
(Plumandon, 1903). The Austrian representative said, "In
general, every one is thoroughly satisfied with the results and
no one doubts but that systematic shooting has accomplished good results." The Italian report was mixed: "In
many cases the shooting seems to be effective against hail,
but in many others not so." The French minister of agriculture reported, "The shooting stations generally report good
results, but cases of failure are believed to be the consequence
of poor organization, feeble cannon or delay in shooting;
nevertheless the severe misfortune at Mantua [one 1901 area
of great loss] occurred in spite of perfect shooting and can
not be excused."
After a lively discussion, the 1901 Congress adopted four
resolutions that called for: 1) earnest attention and study on
the part of science; 2) extended stations and uniformity of
apparatus and operations; 3) earlier forecasting of thunderstorms by central stations to local groups and investigation
of methods of protection against hail by meteorological observatories; and 4) formation of a permanent international
committee to bring together all persons and societies interested in the subject, to publish the proceedings, and to call a
fourth congress at the proper time (shades of the World
Meteorological Organization, circa 1979).
An exhibit of the apparatus was held and judged during
the 1901 Congress (Fig. 3). In the competitive trials, which
were in the presence of a jury, accidental explosions occurred, necessitating the amputation of the right arm of an

FIG. 3. The exposition of hail cannons at the third International Congress on Hail Shooting, held in Lyons
in 1901 (from Plumandon, 1901).
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operator. Similar "sacrifices" during the field operations had
already become numerous in Europe. In Lombardy in 1901
five deaths and 30 severe accidents had occurred. As a result,
the prefect of the Vicenza (Italy) had forbidden any further
shooting.

5. Doubts and demise
In 1900 and 1901, new feelings were arising. More scientists
were getting involved and concerned. Results from several
areas that had been employing hail cannon had become
mixed—bad storms occurred after one or two years of "good
experience." Several scientists had made calculations and
performed experiments with vortex rings, and they had
shown that the rings were too weak to affect the forces at
cloud bases.
The 1901 comments of Professor Plumandon (1901):
If we wish to judge of the results obtained against
hail by the discharge of cannon, fusees, petards, or any
other method which has for its object the combating
against storm, it is, of course, necessary to be acquainted with the experiments that have already been
made. But it is none the less necessary to have in addition and above all (apart from all preconceived theories), rational ideas of the atmospheric conditions
which produce hailstones. Let us take, for example, a
case which has been frequently observed: In a locality
well organized for defense, a storm approaches unexpectedly. By the blackness of the cloud, the darkness
produced by it, the intensity of the lightning, and the
continuous roll of thunder coming nearer and nearer,
it seems as though it must acquire extraordinary violence, and menace the region with disaster. The artillerymen are at their posts, and fire the hail cannon
methodically. Soon the strength of the storm diminishes and it passes away, discharging over the region
only a rain that is more beneficial than harmful.
Is it the firing of the cannon that has dissipated the
storm? This is not absolutely impossible, but who can
affirm that it is so, since dissipation occurs very frequently without any cannon at all being fired? It would
be necessary to have a very large number of favorable
observations in order to place any confidence in such a
bold assertion.
The issue of a serious evaluation was finally being raised.
Uncertainty also began to occur in Italy, where a 1901
Italian National Congress declared: "The good results of hail
shooting during the years 1899and 1900 have only held good
for the season of 1901 in those places where the shooting has
been conducted rationally and with sufficiently powerful apparatus and where thunderstorms of unusual severity have
not occurred." Reality was setting in. Reasons for failure
were being sought. The failures were attributed to extraordinary circumstances, i.e., the firing began too early or too late;
a lack of ammunition; the inability of the shooters; too violent storms; shooting stations too widely spaced, or not
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numerous enough—many not unlike reasons given for cloud
seeding failures now.
It appears likely that a quite natural temporal distribution
of annual hail losses in a small area had occurred providentially in Austrian and Italian areas where cannons had been
used for two or three years. Recent research shows that, typically, major hail loss years are random events, often occurring alone or in pairs after two, three, four, or more years of
little or no loss (Fig. 4). If hail suppression efforts are begun
in a run of low loss years, they can appear to be very
"effective."
Another call for objective evaluation was issued by the
Head of the Austrian Meteorological Service, J. M. Pernter
(1901). He called attention to the seeding failures. He said,
"It is to be regretted that the Weather Shooting Congress in
Padua did not take advantage of the opportunity to investigate these cases more fully." He also recognized an opportunity that many modern scientists have espoused in the name
of weather modification. Pernter noted that the "delusion
with cannons" offered an admirable chance to promote the
general study of thunderstorms and hail.
The scientific doubts, the problems of fatal cannon accidents, and the evaluation uncertainties were now out in the
open. Even M. Susching, the director of the main cannon
manufacturing works of Greinitz and Nephews in Austria
(and a majorpromoter since 1896), spoke out in 1901, saying

FIG. 4. The temporal distribution of hail loss in small areas
(5000-10000 km 2 ) in various parts of the United States (from
Changnon et al., 1977).
Unauthenticated | Downloaded 01/10/23 12:37 AM UTC

374
"that it is necessary to seek to explain the effects of cannonading, which are still largely unknown to us."
The next relevant event was the fourth Hail Congress,
held at Gratz, Austria. It was a conference of 50 government
officials and scientists (no users), held under the auspices of
the Austrian Minister of Agriculture. One interesting outcome was a vote by the attendees about the status of hail suppression in 1902. The distribution of attitudes (Table 1) indicates the preponderance of some doubt. This Delphi-type
experiment yielded results similar to those of a recent sampling, which shows a wide distribution of attitudes about the
status of hail suppression capabilities in 1975 (Changnon,
1977).
The fourth Congress concluded that efficacy of hail cannonading was not proven or disproven and they recommended field tests. In a statement heard often in the 1970s,
Plumandon (1901) stated, "What is the protective influence
which has been credited to cannon firing? If one is to respond
rationally, it is seen that it would be necessary to carry out a
number of well organized, controlled, and nicely coordinated experiments, in order to know whether the cannons
have actually protected crops from hail." As a result, the
Austrian government set up an experiment in WindischFeistritz (the area of the original development), and the Italian government started an experiment with 222 cannons in
Castelfranco-Veneto (Oddie, 1965). After experimenting for
two years (1903-04), both areas had experienced damaging
hail and the cannons were declared a failure. Success in stopping all hail was not found in these experiments (Abbe,
1907). Unfortunately, the experimentation tested the unlikely hypothesis that the cannonading would totally eliminate hail, and the possibility that the cannons reduced some
hail was not tested or evaluated. The Italians continued small
experiments through 1907 with several different cannons,
and rockets of various types (that shoot charges aloft, which
explode at various heights) have been used intermittently in
Europe ever since 1907.
There were major outbreaks of damaging hailstorms in
Austria, France, and Italy during 1902-04, and many cannonprotected vineyards were badly damaged. The use of cannons to suppress hail was largely abandoned in Europe by
1905. The end had come.
The inability of the cannon system to stop all hail led to the
demise of its use. In a similar vein, a sociological assessment
of a four-year statewide program of hail suppression (and
rainmaking) in South Dakota showed that it ended in 1975
because 1) the user (public) still experienced hail losses (if
there was a hail reduction, it was imperceptible to the average
citizen), and 2) a good scientific evaluation was not made
(Farhar and Mewes, 1976).
As the use of hail cannons to suppress hail in Europe ended
during 1905-06, the cannon manufacturers turned to other
weapons as the military buildup for World War I began.
Burgomaster Stiger and others who had conceived it, those
who used it, and the scientists who questioned the use of
cannons for hail suppression died, taking their interesting
experiences and valuable lessons with them.
Hail suppression efforts essentially ended until they were
reawakened in the late 1940s and 1950s in the United States
(using aircraft and ground-based cloud seeding); in Italy and
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TABLE

1.

Comparison of attitudes of weather modification
experts in 1902 and in 1975.
1902 Experts

Number of experts in whose opinion cannonading is
efficacious

8

Number of experts in whose opinion the efficacy is
still doubtful, but probable

9

Number of experts in whose opinion the efficacy is
only doubtful

13

Number of experts in whose opinion the efficacy is
not only doubtful, but improbable

15

Number of experts in whose opinion cannonading is
entirely inefficacious

5

Total

50

1975 Experts
(Survey of U.S. experts in weather modification.)
Number of
scientists
Who do not know if there is any capability to suppress hail

318

Who believe the technology is a failure

27

Who believe the suppression capability is between 1
and 25% reduction

95

Who believe the suppression capability is between
26 and 82% reduction

94

Total

534

France (using exploding rockets to shatter hail, Byers, 1974);
and in the Soviet Union (using cannons and rockets to seed
clouds). The use of explosive rockets in Europe became extremely widespread in the 1950s and 1960s, partially because
of the development of inexpensive devices by a French
general (Byers, 1974; Morgan, 1973).

6. Message for today
Hail suppression efforts involving the agricultural cannons
ended in Europe after 10 years of use. It was easily the largest
effort in weather modification research, in development of
rational scientific concepts and hypotheses, and in wide
usage until the modern era of weather modification began in
1946.
It is amazing that such a major weather modification effort
has largely gone unnoticed, particularly since one of its concepts of modification is similar to one of today, and since it
produced a sequence of activities seen relived today. The
identical sequences include: 1) problem-solving using techniques based on unproven concepts; 2) public usage; 3) initial
scientific support, opportunism, and later questioning; 4)
bureaucratic involvement and support; 5) manufacturer involvement; and 6) widespread disillusionment of everyone
when evaluation shows failure and scientific understanding
is lacking.
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P r o f e s s o r P l u m a n d o n (1903) o f f e r e d a n a s s e s s m e n t t h a t is
so relevant to c o n d i t i o n s of t o d a y t h a t it deserves r e p e t i t i o n :
T h e h i s t o r y of the b o m b a r d m e n t with c a n n o n
a g a i n s t hail, will suffice t o s h o w h o w c i r c u m s p e c t l y we
m u s t p r o c e e d w h e n we wish to j u d g e the efficacy of
h u m a n i n t e r v e n t i o n a g a i n s t the great forces called into
play by n a t u r e f o r t h e p r o d u c t i o n of t h u n d e r s t o r m s .
T h e y a l s o s h o w t h a t we s h o u l d n o t d i s c o u n t t o o
q u i c k l y the scientific a d v a n t a g e s t h a t we m a y h o p e t o
derive f r o m such e n t e r p r i s e s . If it were necessary t o
c o n c l u d e by a plain u n v a r n i s h e d a d m o n i t i o n , the foll o w i n g is w h a t I w o u l d say: " B e f o r e u n d e r t a k i n g the
p r o t e c t i o n of y o u r c r o p s by c a n n o n a d i n g o r o t h e r
m e a n s , wait until the m e t h o d of p r o t e c t i o n has f u r nished g o o d results w h e r e it is being t e s t e d . "
It may be c o m f o r t i n g , o r d i s c o m f o r t i n g , f o r the w e a t h e r
m o d i f i c a t i o n " p i o n e e r s " of the 1950s a n d 1960s to realize
t h a t o t h e r s p r e c e d e d t h e m by 60 years. T h e a m a z i n g similarities in the s e q u e n c e of events of b o t h p e r i o d s suggest t h a t
m a n , given a p r o b l e m a n d a p o t e n t i a l — t h o u g h u n p r o v e n —
t e c h n o l o g i c a l s o l u t i o n , will a d o p t it a n d initially believe it
w o r k s , b u t q u i t its use unless clear scientific p r o o f evolves.
P r o l o n g e d use of a less t h a n t o t a l l y effective m e a n s of
c h a n g i n g the w e a t h e r will t e r m i n a t e in a given a r e a unless it is
r o o t e d in 1) scientific u n d e r s t a n d i n g t h r o u g h field a n d l a b o r a t o r y e x p e r i m e n t a t i o n , a n d 2) scientific e v a l u a t i o n . These are
the k e y s — t h e t w o things t h a t h a l t e d hail s u p p r e s s i o n usage
in 1905 a n d its research in the U n i t e d States in 1979. T h e message is c l e a r — t h e science of w e a t h e r m o d i f i c a t i o n m u s t be resolved b e f o r e its m e a n i n g f u l use c a n o c c u r . " T h o s e w h o c a n n o t r e m e m b e r t h e p a s t a r e c o n d e m n e d to r e p e a t i t "
S a n t a y a n a (1905).
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FEMA Emergency Management Institute
To provide instruction in comprehensive emergency management,
the Federal Emergency Management Agency (FEMA) recently
established the Emergency Management Institute (EMI) in Emmitsburg, Md. Students at the school will be primarily senior government
officials, but some classes will be open to leaders in the academic,
industrial, research, and business communities. The Institute will
function as a focal point for the collection and dissemination
of knowledge on hazard identification, mitigation, preparedness,
response, and recovery.
EMI's Director is Ralph C. Bledsoe, formerly a professor and
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senior faculty member of the Federal Executive Institute in Charlottesville, Va. Twenty-eight full-time faculty and support personnel
are augmented by four professionals on rotating detail from FEMA
headquarters. Three departments operate under the Director's office: State and Local Curriculum and Instruction; Federal and
Technical Curriculum and Instruction; and Management and
Media Development.
Instruction at the Institute began in January 1981. No tuition is
charged forcourses, and application forattendance at EMI courses,
seminars, and other activities can be made on FEMA Form 95-2, obtainable from: Assistant Director of Training and Education,
FEMA, Washington, D.C. 20472 (tel: 202-254-9557) or Emergency
Management Institute, Emmitsburg, Md. 21727 (tel: 301-447-6801).
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