weather
moiliiication
in the
U.S.S.B.—1969
The U. S. Delegation on Weather modification was in
the Soviet Union for most of May 1969 and visited
research establishments in many parts of the country.
The Delegation consisted of George S. Benton (Head),
Fred D. White, Helmut Weickmann, Morton J. Rubin,
Archie M. Kahan, and Louis J. Battan. We were met at
the airport by Benito Kiziria, who is the Head of the
Weather Modification Department of the Hydrometeorological Service of the U.S.S.R. and by V. V. Troushine
who is with the International Division of the same
service.
At the first official conference, Academician E. K.
Federov, director of the Main Hydrometeorological Service commented on the weather modification programs
in the Soviet Union. He indicated he would have more
to say about this subject at the Eighth Ail-Union Conference on Cloud Physics and Weather Modification to
be held in Tbilisi during the week of May 12, 1969.
Dr. Federov did state that the work on rainfall augmentation in the Ukraine had demonstrated that precipitation could be increased by 10% but that it was felt by
the members of the Hydrometeorological Service that
this increase was not economically feasible in the
Ukraine.
In response to a question, Dr. Federov said that little
work had been done on warm fog modification, but
that certain scientists of the Main Geophysical Observatory had looked into the problem. One of Dr. Federov's
deputies, E. G. Popov, indicated that cloud seeding was
used in an effort to increase precipitation for purposes
1 The reader of this report should bear in mind that it
is based on hastily scribbled notes, some of them made while
riding buses over country roads. In addition, it should be
noted that communication via interpreters sometimes leads
to misunderstandings. As a consequence, it is likely that
this version of weather modification research in the Soviet
Union contains some errors. The author hopes this did not
occur too often and extends apologies to Soviet scientists
whose work or views may have been misrepresented. The
views expressed here are those of the author and are not
necessarily shared by others in the Delegation.
2 Preparation of this manuscript was partially supported
by the National Science Foundation under Grant GA-13949.
3 The author is grateful to other members of the Delegation who reviewed the manuscript and suggested improvements.
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of hydrologic planning, but that it was concluded that
the increases were too small to be regarded as useful.
This work was done near Kiev. A first hand account
of the rainmaking experiments in the Ukraine will be
discussed later in this report.
A brief visit was made to the Hydrometeorological
Research Center directed by V. A. Bugaev. Very little
cloud physics work is going on there. It is a center for
research on weather forecasting, hydrology, hydrological
forecasting and satellite meteorology.
The Delegation toured the Hydrometeorological Exhibit at the U.S.S.R. Exhibition of Economic Achievements in Moscow. A dry-ice cloud seeding device called
the ZHKU-2-TSAD 1964 was on display. This instrument
is located on the ground and is used to clear supercooled
fogs. It contains four tanks of liquid C0 . When the
liquid passes through a nozzle, flakes of C 0 are produced. A fan blows them to heights of 20 m. Yu. A.
Seregin, who is Dr. Kiziria's deputy stated that when
the winds exceed 5 mps, turbulent air motions carry
the ice crystals to altitudes of 300 m. Each tank contains
about 25 kg of C0 . The instrument releases carbon
dioxide at a rate of between 60 and 500 km sec . This
device is being used at ten airports.
Also at the Hydrometeorological Exposition, we saw
the MRL-1, the standard meteorological radar in the
Soviet Union. More will be said about it later in this
report.
2
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Tbilisi in the Republic of Georgia

The Delegation arrived in Tbilisi on 10 May and was
met at the airport by Prof. V. P. Lominadze, director
of the Transeaucasian Hydrometeorological Research
Institute and other members of his staff.
Eighth All-Union Conference on Cloud Physics and
Weather Modification. On Monday, 12 May, the Delegation attended the opening of the Eighth Ail-Union
Conference on Cloud Physics and Weather Modification.
In addition to the large number of scientists from the
U.S.S.R., there were two scientists from Italy and at
least one each from Australia, Cuba, Hungary and possibly other countries as well. There were various welcoming addresses. Then a group of perhaps 75 children
ranging in age from 10 to 16 each carrying flowers,
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mostly tulips and lilacs, entered the conference room.
One of the boys and one of the girls made brief statements. The children then passed the flowers out to the
participants.
The first scientific contribution was an address by
Academician Federov who reviewed cloud physics and
weather modification programs in the Soviet Union.
He pointed out that weather modification activities in
the Soviet Union are being conducted in various institutes of the Hydrometeorological Service of the U.S.S.R.,
in certain of the Academies of Sciences of various republics, particularly Georgia, and in some industrial
plants and universities.
Dr. Federov noted that at this conference there would
be about 50 reports. One group would deal with the
mechanisms of cloud formations, aerosols, nucleation,
microstructure of clouds, changes of particle spectra
during seeding, seeding techniques, chemicals used for
seeding, and new chemicals used in explosive seeding
devices. A second group of reports would be concerned
with clouds as a whole, the dynamics of the interaction
of the cloud with its environment, the relative behavior
of seeded and not-seeded clouds and the stimulation
or the suppression of updrafts in convective clouds.
Other papers would deal with the problem of atmospheric resources, for example, the augmentation or reduction in the quantity of rainfall and the control of
damaging hail.
Dr. Federov remarked that although more needs to
be learned, the problem of hail control is successfully
solved and that we would hear more about this work
from the scientists from Georgia, from Moldavia and
from Central Asia. He stated that some papers dealing
with rainfall stimulation would show that in some
areas, rainfall could be increased, but it still is not
known whether the available techniques for precipitation modification would work in regions where rainfall
is deficient. He said that Soviet scientists could not
boast yet about successful practical results, but he indicated that they were on the right track. He acknowledged
that rainfall stimulation is a difficult problem. In many
countries a 10 to 15% increase has been reported. He
thought that more than this could be made to fall from
frontal clouds. Most of the rainfall increases were
produced by causing the water in the cloud to fall out.
It still has not been learned how to make a cloud give
more rain by stimulating its growth. He indicated that
we still do not know how to use condensation nuclei
to increase precipitation.
Dr. Federov predicted that in a short time we should
be able to control and suppress thunderstorm updrafts.
He noted that more effective methods are needed to
affect fog. He emphasized that we appear to be procrastinating in the conduct of experiments on large-scale
weather systems. In the Soviet Union, clouds have been
dissipated over fairly large areas in order to affect the
radiation regime. Dr. Federov stated that it is necessary
to be more daring, to work over areas ten to a hundred

times larger than those over which work has been done
in the past. This is one of the main tasks facing weather
modification scientists in the Hydrometeorological
Service.
Dr. Federov stated that the subject of climate change
is quite important, but it would not be considered at this
conference. Soviet experts are studying the stability of
climate and other aspects of it, but these subjects were
not on the program at the conference in Tbilisi.
Dr. Federov's closing remarks dealt with the need for
international cooperation. He said that it is unavoidable and more will be needed, especially as we go
to larger-scale modification experiments. He said Soviet
scientists are glad to engage in international cooperation and that they appreciate the work being conducted
in the U.S.A., France, Italy, Bulgaria, Australia, East
Germany, Czechoslovakia, Japan, Cuba and other
countries.
A total of some fifty papers was given during the one
week conference. The Delegation was present during the
first two days. Three papers were presented during the
morning of 12 May. Yu. S. Sedunov's (from the Institute of Experimental Meteorology) paper dealt with
theoretical aspects of the kinetics of droplet growth.
Many equations were displayed. He made the point that
the spread in the droplet spectrum is caused by turbulent variations in the updraft. The paper presented by
I. P. Mazin from the Central Aerological Observatory
also dealt with the subject of cloud-droplet spectra. He
pointed out that condensation alone would lead to a
spectrum which is narrower than is usually observed and
that some other mechanism is needed to explain the
observed spectra. He considered various schemes by
which this spectrum spreading might occur. Then he
went on to present average statistical data collected
on some 30,000 flights and many thousands of clouds.
He gave such information as the water contents, frequency of water and ice clouds as a function of temperature, etc. V. I. Skatskii from the Institute of Applied
Geophysics discussed information on temperature fluctuations measured during the horizontal flights through
clouds. On the basis of these observations, he and his
colleagues inferred vertical air velocities in the clouds.
They found temperature excesses of a few tenths of a
degree up to a maximum of 2 to 4C. He pointed out
that each aircraft was equipped with such instruments
as a hot-wire device for measuring liquid water content,
cloud-droplet measuring instrument which gave droplet
sizes up to 20 n, air temperature in and out of clouds,
accelerometer for measuring the vertical acceleration of
the airplane, and other instruments as well. All the
data were recorded on an oscillograph recorder. V. I.
Skatskii mentioned that there were several thousand
cloud penetrations. He concluded that the air tempera4

4 Most of the papers had more than one author. In this
review only the one who made the presentation will be
named.
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ture and liquid-water content were correlated, with most
liquid water observed in the updrafts.
The first paper in the afternoon of 12 May was given
by S. M. Shmeter. He discussed the importance of
vertical wind-shear in the development of cumulonimbus
bands. Measurements of distribution of the wind
velocity were made by means of a TU-104 airplane. It
appeared that he suggested that as one line of cumulonimbus clouds develops (which he calls the "mother
cloud"), it sets up gravity waves in the upper atmosphere.
At some distance downwind from the "mother cloud,"
the waves produce upward vertical motions which lead
to another line of convective clouds. In the second
paper, the well-known Soviet scientist, I. M. Imianitov,
from the Main Geophysical Observatory discussed the
electrification of clouds. He made the somewhat surprising statement that aircraft are most often struck
by lightning in the winter. He said that when there is
little turbulence and little rain, strong electric fields
may develop, and an aircraft flying through this region
can initiate a lightning discharge. One of Imianitov's
colleagues, L. S. Mordovina also made some remarks on
the subject of the electrification of cloud particles.
A. G. Laktionov gave a paper on the growth of particles
by condensation. It involved both theoretical calculations
and experimental observations in the very large cloud
chamber (capacity of 3200 m ) at Obninsk. A. G.
Laktionov mentioned that 17 experiments were performed. The air in the chamber was expanded adiabatically, and the character of the droplets formed by
condensation was observed by means of two photoelectric counters. The experiments lasted for some 15 minutes. These experimental results were compared with
theoretical expectations yielded by the theory of S.
Twomey and a theory by two Soviet scientists. It would
be interesting to learn more about this work. Dr. Laktionov stated it would be published in Geofisica Pura e
Applicata in 1969.
I. M. Enukhashvili of the Transcaucasian Hydrometeorological Research Institute presented a highly
theoretical report on the coagulation theory of droplet
particles. Another paper, by Prof. Lominadze and his
colleagues, was on the theory of fronts and frontal
clouds. At this session, George Benton gave a review of
weather modification activities and research in the
U.S.A.
On the morning of 13 May, there was a series of papers
on various aspects of cloud microphysics. I. M. Enukhashvili gave a paper on the effects of the concentration
of ice particles on the kinetics of coagulation growth.
It was a highly theoretical paper which was difficult
to follow. The second paper of the morning was given
by E. Mesarosh, a cloud physicist from Hungary. It
dealt with measurements of large and giant nuclei made
by means of filters and impacters mounted on an airplane. It was flown through the base of newly formed
cumulus clouds. E. E. Selezneva from the Main Geo3

physical Observatory discussed the chemical composition of precipitation in various parts of the Soviet
Union. B. G. Andreev from the Far East State University discussed observations of aerosol sizes made by
means of an IL-2 airplane equipped with filters and impacters. Measurements also were made of the electric
charge on particles. He presented some semi-empirical
equations for representing the particle-size spectrum.
B. G. Andreev concluded that active condensation nuclei
must be between 0.1 and 2 microns, and that the smaller
particles require unusually high supersaturations to be
effective.
The next paper, presented by T. G. Gabarashvili of
the Institute of Geophysics of the Georgian Academy
of Sciences, dealt with laboratory studies of the evolution of cloud particles. Observations were made of the
freezing of supercooled waterdrops under various electrical conditions. Some of the drops were charged. The
drops fell on a metal plate at low temperature, and the
drops froze in various positions. In some cases, the
plate also was charged.
M. V. Buikov from the Ukrainian Hydrometeorological Research Institute in Kiev discussed the results of the
C0 seeding of stratus clouds. There were 28 experiments. In 11 of them, the clouds completely dissipated
in several hours and did not reform. In other cases,
the clouds did develop again after having been dissipated. Cloud droplets first appeared near the top of the
inversion layer and developed downward. Dr. Buikov
made the point that this was consistent with the idea
that stratus clouds are formed by turbulence.
V. I. Beliaev discussed theoretical and experimental
research on the artificial crystallization of supercooled
stratus clouds. The speaker pointed out that this work
began in 1954 and that a great many experiments had
been carried out. They examined the question of the
rate of spread of a seeded line as a function of time.
This investigation has been discussed in the literature
(apparently in the Trudy of the Central Aerological
Observatory, No. 58). One of the authors was I. P.
Polovina who the Delegation met later in Kiev. Dr.
Beliaev cited four classes of stratified supercooled clouds
and presented curves showing how the width of the
zone of ice crystals expands as a function of time. Dr.
Polovina used the observations of the spread of the ice
crystal zone to infer information on the diffusion rate
in the atmosphere. This work deserves more attention.
The papers presented on the afternoon of 13 May
were mostly concerned with convective clouds. The
session started with presentations by Helmut Weickmann
and Joanne Simpson. Following Dr. Simpson's talk, the
Delegation was invited to the office of Dr. Lominadze,
the director of the Transcaucasian Hydrometeorological
Research Institute, who had brought his staff together
to discuss their work on cloud physics and weather
modification.
2
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Investigations of cloud microstructure and the development of hail began at the Institute in 1963 with the
cooperation of the Central Aerological Observatory.
Work on hail suppression was carried out during the
period between 1963 and 1968.
The characteristics of thunderstorms in the Transcaucasian region have been studied by means of radiosonde data. Extensive studies have been made of thunderstorms in mountainous areas. The trajectory of radar
echoes produced by thunderstorms have been observed
and a climatology of cumulonimbus movements has
been produced. V. M. Gigenishvili edited a book on the
trajectory of hailstorms and the fall of hail in eastern
Georgia. He also developed a scheme for forecasting
hail occurrences.
The procedure used to seed hailstorms by scientists
of the Transcaucasian Research Institute includes the
use of artillery to insert ice nuclei into the supercooled
part of the cloud. It also includes the dispersion of large
salt nuclei into the warm part of the cloud. This is being
done by means of artillery shells containing salt.
Some 500-700 grams of common salt is introduced into
the cloud for every cubic kilometer of cloud. This is
intended to produce some 400 to 600 particles per
cubic meter, with the particles being five to ten microns
in diameter. The object of this aspect of the seeding is
to wash out the precipitation from the lower part of
the cloud. It follows a scheme similar to one suggested
some years ago by Herbert Appleman and by Frank
H. Ludlam. By seeding with ice nuclei in the upper
part of the cloud, it is hoped to produce more and
smaller hail particles which would melt before they
reach the ground. This technique of using both ice
nuclei and salt is not based primarily on producing more
hailstones. In response to a question, we were informed
that the liquid water content in cumulonimbus clouds
could be higher than 5 to 6 gm m~ and that an accumulation zone might exist as droplets are carried up from
below the region of the updraft maximum. There
seemed to be some reluctance in being too specific on
what was regarded as a realistic maximum liquid water
content in hail-producing thunderstorms. The point was
made that in an air mass thunderstorm, axes of updrafts
might be nearly vertical, but, in frontal conditions with
substantial environmental wind shear, the axes of the
thunderstorms might be tilted.
The Transcaucasian Hydrometeorological Research
Institute is responsible for seeding hailstorms over
an area of 150,000 hectares southwest of Tbilisi.
During the operational program, hailstorm forecasts
are made 12 to 24 hours in advance. Radar is used to
obtain data on the presence of hail and hailstone
sizes, but this point was not discussed. It was stated
that the seeding began when a cloud was developing, the
maximum radar reflectivity (log Z) exceeded a certain
level and the temperature at that level was between
3

— 1 and —8C. It was said that if the seeding started
early enough, hail was prevented from forming. These
are called "prophylactic" experiments. They indicated
that details of the seeding techniques are being written
up, and we would be sent the information. Most of the
answers to our questions were given by Dr. Benito
Kiziria, who had spent most of the earlier part of his
career in Georgia, and by G. S. Bartishvili, who has long
been associated with hail modification work in Georgia.
The technique for evaluating the effectiveness of hail
suppression involves comparison of hail damage over
the target area and that over a nearby area. In addition
the character of the radar echoes over the two areas are
compared. The two areas are about the same size and
have the same physical geography.
In response to a question as to whether the seeding
might have affected the rainfall, it was stated that no
relevant analyses were made.
In summary, the discussion in the office of the Director
of the Transcaucasian Research Hydrometeorological
Institute made it clear that the scientists and meteorologists in this group had been investigating hail formation
and the development of techniques for hail suppression.
Unfortunately, there seemed to be an insufficient
amount of detail given us on the techniques of hail
prediction, of radar analysis and of evaluation. In part
this was because the discussions were mostly by program
directors sitting around a table rather than in the field
where we could talk to the people actually doing the
work and where we could see the operations in practice.
Later trips to the Alazani Valley to the Northern
Caucasus and to Moldavia were more informative.
Institute of Geophysics of the Georgian
Academy of Sciences

The Delegation visited the Georgian Academy of Sciences on 14 May. We were taken through the laboratories of the Institute of Geophysics by the director,
A. V. Bukhnikashvili, and the head of the Department
of Cloud Physics and director of the anti-hail work of
the Institute, A. I. Kartsivadze. There are several
cloud chambers within the present building of the
Academy. One of them, about 2 m in capacity, can be
reduced to a temperature of —25C. A second smaller
cloud chamber (about 40 cm high), within which the
temperature and the electric field conditions can be
controlled, is used to investigate the freezing of water
drops falling on a metal plate. Scientists of this academy
have studied the behavior of charged and uncharged
supercooled drops as they strike the plate. This work
was discussed by T. G. Gabarashvili at the Conference in
Tbilisi.
The Delegation visited a new laboratory building
being constructed for the use of Institute scientists concerned with the problems of cloud physics and hail
formation. The building encloses a large cloud chamber. The lower section of the chamber has a diameter of
4.6 m and extends to a height of 17 m. Extending up
3
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from the top of this lower cylindrical chamber is a
tube which is one meter in diameter and 20 m high.
Hence the total distance from the lower surface of the
chamber to the very top is a distance of 37 m. Large
water drops and ice particles can be dropped through
the narrow cylinder and should reach terminal velocity
in the large lower chamber. Another parallel 1 m cylinder extends vertically a length of about 17 m. Within
this chamber they intend to produce artficial updrafts
having speeds up to 20 to 25 m sec" . The temperature
inside the large chamber can be controlled between +20
and —45C while the pressure can go from ambient to a
value of 200 mm of mercury. The liquid water content
of clouds in the chamber can be varied by having
nozzles at various levels inject steam and a water
spray. They can also inject various kinds of nuclei.
They are installing television cameras inside so that
the behavior of the cloud systems can be observed.
A unique feature of this chamber is that they plan
to install a microwave (possibly 3 cm) and a laser radar
pointing vertically through the chamber. By means
of these techniques they hope to examine the spatial
distribution of particles. It is not obvious that these
systems will perform the functions that are intended.
Nevertheless they deserve exploration. It is expected
that the chamber will be finished by the end of this
year or the beginning of 1970. Incidentally, it was mentioned that in some experiments, attempts would be
made to keep the upper and lower halves of the large
cloud chamber at different temperatures; however, it is
not evident that this can be done successfully without
much more sophisticated control equipment than is
being installed at present.
Dr. Kartsivadze and his associates took the Delegation
to the Alazani Valley where rockets have been used for
many years to seed hailstorms. During the visit, hailstorms developed in the vicinity and an actual anti-hail
operation took place. About 5 rockets were fired from
the main station and an unknown number were fired
from other launching sites. Dr. Kiziria later reported
that the "protected" area did not suffer damage but that
10 to 15 km outside the area, hailstones 3 cm in diameter
were observed.
At the main field station there is a rocket launcher
which can hold four missiles. There is a plotting and
control room to which radar information is transmitted by telephone and plotted on a map. The controller decides the time and place of rocket launching.
A crucial instrument for this entire operation is a
3 cm radar set. Operators continually scan the "protected" area and make a number of measurements of the
echoes either approaching or over this area. On the
basis of the measurements of each individual cloud,
decisions are made regarding the probability of hail in
the cloud. If the maximum radar reflectivity measured as
log Z < 2, it is concluded no hail is present. When log
Z ^ 2 , eight other radar parameters are used to decide
the probability of hail. They are the following: 1) the
1

depth of the radar echo; 2) the height of the region of
maximum radar reflectivity; 3) the temperature at the
top of the echo; 4) the temperature at the height of
maximum radar reflectivity; 5) the height of the top of
the echo; 6) the depth of the region of high echo intensity. (This is defined as that region where the
echo intensity is 10 decibels below the maximum value
of echo reflectivity.); 7) the temperature of the level of
the top of the region of high echo intensity; and 8) the
ratio of cloud depth above and below the 0G isotherm.
On the basis of the study of past data, regression analyses
have been made of the probability of hail as a function
of these eight parameters. A small analog computer for
obtaining the probability of hail has been built. In
any particular circumstance, the eight input parameters are punched on a keyboard and the probability
of hail in the cloud appears on a digital counter.
The relations between the various parameters and
the probability of hail are shown in Table 1. For the
observed value of each parameter, the quantity K in
the left hand column is noted. The average value of K,
designed n is obtained by summing each of the K's
and dividing by the number of parameters, namely
eight. The next step is to enter the table at the appropriate n in the right-hand column and read the corresponding value of K in the left hand column. This
quantity is the probability of hail.
In the Alazani Valley, 460,000 hectares are "protected" by the rocket network. The area is divided into
three polygons. There is a total of 12 rocket sites spaced
at intervals of 15 to 20 km. Some rockets are 10 to 12
km upwind of the "protected" area. Each rocket has a
maximum range of about 9.5 km. In practice, an attempt
is made to fire the rocket into the cloud at about the
—5C level.
The rocket being used this year is called the "Oblakov" and is in a launcher which can handle four
rockets. A new rocket launcher capable of holding
twelve rockets is being brought into service. The lead
iodide used as a seeding reagent produces 10 nuclei
per gram at —10C according to laboratory tests. A new
rocket called the "Alazani" is now under development
and will have different ballistic properties from the
"Oblakov."
The "Oblakov" is about 2 m long and about 15 cm
in diameter. The propulsion system is in the center of
the rocket, and the power is applied for a period of a
few seconds, and then the missile continues on a ballistic
trajectory. The forward third of the rocket contains the
seeding reagent. It usually is lead iodide but might be
silver iodide. The quantity of the seeding reagent, in the
form of a pyrotechic mixture, is 3 kg per rocket, and it
burns out in 45 sec. The plastic nose of the rocket unscrews, and a very simple dial adjustment is made to
indicate the range from the launching pad at which the
pyrotechnic seeding mixture becomes ignited. At the
back third of the rocket is a chamber for a parachute.
12
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TABLE

1. Values of radar parameters used to calculate the probability of hail. The relations represented in this table determined
by A. I. Kartsivadze and his associates in Georgian Academy of Science. See text for further explanation.
Hm

AH

(km)

(km)

6.75
8.3
8.7
9.1
9.3
9.5
9.7
9.9

6.75
7.0
7.3
7.7
7.9
8.3
8.4
8.6
8.7
9.0
9.2
9.4

8.2

10.1

10.3
10.5
10.7
11.9

11.0
11.2

11.3
11.4
11.5
11.6
11.75

9.6
9.7
9.8
10.0
10.2
10.3
10.4
10.6
10.75

THM

(°C)

-22.5
27.0
30.0
32.0
34.0
36.0
37.5
39.5
41.5
42.8
44.3
45.0
47.2
49.0
50.8
51.7
52.8
53.8
54.9
55.6
-56.5

R—

R+

1.1
1.4
1.6
1.8
1.9
2.05
2.1
2.2

2.25
2.3
2.35
2.5
2.6
2.8
3.0
3.15
3.3
3.4
3.45
3.5
3.55

Hzm

(km)

2.75
3.25
3.6
3.9
4.2
4.4
4.6
4.8
5.1
5.25
5.5
5.6
5.75
6.1
6.25
6.45
6.6
6.75
7.0
7.1
7.25

THZM

(°C)

+
-

1.8

0

2.0

4.0
5.8
7.5
9.5
11.5
13.0
14.5
16.0
17.5

AHAZ

(km)

2.75
3.8
4.1
4.6
5.1
5.6
5.8
6.2
6.4
6.6

19.0
20.3
21.8
22.3
23.0
24.5

6.7
6.9
7.2
7.3
7.4
7.6
7.7
7.9

26.0

8.1

27.0
-29.5

8.2

8.25

TAH&Z

(°C)

1.8

7.5
12.5
16.0
19.3

22.0

24.0
25.5
27.0
28.0
28.8

29.3
30.5
31.0
31.5

32.7
33.2
34.0
34.5
36.0
37.5

Meaning of symbols by column number: 2) height of echo top; 3) depth of echo; 4) temperature at echo top; 5) ratio of echo thickness
above and below the 0C isotherm; 6) height of maximum radar reflectivity; 7) temperature at height of Zm; 8) depth of echo defined
by isoecho contour 10 db below Zm; 9) temperature at top of region given in column 8. See the text for explanation of columns 1 and 10.
A few of these quantities are probably in error because the author had difficulty reading the film copy.

Another simple control is used for setting the range at
which the parachute will open.
In practice, the radar information is telephoned to the
control room, the radar data is used to calculate the
probability of hail, and, if the probability of hail
exceeds 5%, the controller prepares to fire. He obtains
radar data and plots it on the board showing the rocket
stations and the "protected" area. From the plotting
board, the controller reads azimuth and range from the
potential hailstorm to the nearest rocket station. Radiosonde data indicates the altitude of the —5G level.
The controller reads off the following coordinates to
the appropriate rocket station: azimuth angle; elevation
angle; the range at which the pyrotechnic mixture is to
be ignited; and the range at which the parachute is to
be opened. This information is transmitted via radiotelephone. The people at the rocket station, consisting
of a crew of at least two, fire as soon as they can get
the rocket and the launcher adjusted. At the central
station in the Alazani Valley, the time required from
the reading of the coordinates to the firing of the rocket
was certainly less than a minute. The actual firing of the

rocket is done inside a small building some 30 meters
from the launcher. Apparently the electrical firing signal is obtained by depressing a plunger.
The work in the Alazani Valley started in 1953 under
the auspices of the Georgian Academy and various
other scientific organizations. The work consisted of the
study of properties of hail and hailstorms. In 1957 there
was an expansion of the investigation, and the practical
task of preventing hail in agricultural regions was taken
on. The use of rockets for this purpose began in 1961
when the seeded area amounted to 15,000 hectares. By
1969 it had increased to 460,000 hectares.
Various analyses have been made of the efficacy of the
technique of using rockets to seed hail clouds. Over a
seven-year period within the "protected" area, hail frequency was measured at 32 stations. It was found that,
during the seeded period, hail frequency was 70% less
than during the non-seeded period.
A second series of evaluations was made by comparing
crop damage over the target area and over a nearby
control area. The statistical data on crop damage over a
32-year period was compiled. This was done for both the
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target and control areas. This information was used to
predict an expected amount of damage over the target
on the basis of observed damage over the control area.
The expected damage then was compared to the observed crop damage during the seeded period. The
damage statistics were obtained from agricultural agencies concerned with crop insurance. According to Dr.
Kartsivadze, since seeding started in 1961, the annual
decrease of crop damage caused by hail ranged from 64
to 80% and averaged 79%. He reported that they calculated a benefit-to-cost ratio of about ten to one,
making the operations well worthwhile.
On this project in the Alazani Valley, there are about
53 research people of various kinds and some 250
others who operate radar equipment, the rocket launchers and do other routine jobs. The latter group are
paid for, and supplied, by the agricultural interests in
the "protected" area.
Having performed 255 seeding experiments, the scientists of the Institute of Geophysics analyzed some of the
statistical properties of the seeded clouds. They reported, for example, that on the average the maximum
height of the echo increased for a period of about
five minutes after seeding and then decreased rapidly
thereafter. Some of the other parameters listed in Table
1 behaved in a somewhat similar fashion. This behavior
was taken to mean that the seeding stimulated cloud
growth for a period of about five minutes.
In response to a question, Dr. Kartsivadze indicated
that they do not know whether the seeding of these
clouds diminishes the rainfall.
In summary, it is clear that in the Alazani Valley
the scientists, engineers and technicians of the Institute
of Geophysics of the Georgian Academy of Sciences
are carrying out a well planned and executed operational program for the purpose of suppressing the fall
of damaging hail. The operation is conducted at this
time as an engineering project. The procedures for
selecting clouds for seeding, the methods of directing
seeding rockets, etc., have been worked out from years
of experience and are conducted in an efficient and
smooth manner. The people working on this project
appear to have no doubt that lead iodide seeding by
means of rockets, in the manner that they have been
doing it, is effective. Their statistics on crop damage
show very much less hail damage over the seeded
area. The enlargement of the area being "protected"
also indicates confidence that the scheme is effective.
The evaluation schemes are difficult to assess without
having access to the actual data. At this stage, we have
only the results reported by these Soviet scientists. The
fact that they continue to be optimistic, that they continue to report strikingly positive results and that the
area under protection continues to enlarge, all would
lead one to believe that the hailstorms in the Georgian
region are susceptible to effective modification by means
of ice nuclei introduced into the upper part of the
cloud by means of rockets.

High Altitude Geophysical Institute

The High Altitude Geophysical Institute (V.G.I.), under
the direction of Prof. G. K. Sulakvelidze, is composed
of three major sections: experimental meteorology;
active modification; and snow physics. There are many
subsections under each of these three departments. In
the Department of Active Modification there are two
laboratories; one of them deals with short-range forecasting and is directed by N. I. Glushkova; the second
laboratory deals with weather modification and is led by
V. F. Lapcheva (who is the wife of Dr. Kiziria).
The High Altitude Geophysical Institute is engaged in
a large program of hail suppression. The Institute is
engaged in five so-called anti-hail expeditions. The first
one is the North Caucasus Expedition with headquarters
at Kuba Taba. This expedition consisted of four separate radar and artillery detachments. The North Caucasus
Expedition seeds clouds over an area of 540,000 hectares.
It has a special aerosynoptic group which makes forecasts for the entire North Caucasus.
A second expedition is located in the vicinity of
Krasnodar and is called the Krasnodar Expedition. It
has three detachments and they seed clouds over an
area of 450,000 hectares.
Scientists from V.G.I, also serve as advisors to three
other expeditions. The Armenian expedition has five
detachments and seeds over an area of 500,000 hectares.
The Azerbaidzhan Expedition, having two detachments, seeds over an area of 200,000 hectares. The fifth
expedition is located in Central Asia.
In total, the five expeditions managed by V.G.I, have
16 radar detachments and operate 82 artillery pieces.
Some 500 people are employed. Eighty to 85 of them
have college degrees, 20 to 25 are regarded as scientists.
Many of the workers are from collective farms. In the
summer, during the field operations, students work on
the expeditions. The outstanding students are encouraged to remain in hail suppression work and are
trained for this type of activity. Some of them become scientists and engineers.
Normally the hail suppression operations extend from
the first of May to the first of October.
The El Brus Observatory, which is part of the High
Altitude Geophysical Institute, is located near the town
of Terscol, a small resort city located a short distance
from Nalchik. This observatory is primarily concerned
with the study of snow physics, avalanches and glaciers
and is also involved in the investigation of the clouds
and precipitation. The director is Mukharbi Dolov.
The people at this observatory are also developing instruments for measuring nuclei in the atmosphere, in
particular they are using impacters from which electron
microscope grids can be cut and examined.
The Anti-Hail Detachment of Kuba Taba

At the headquarters of the North Caucasus anti-hail
activity at Kuba Taba, Dr. Sulakvelidze discussed activities of his Institute. The anti-hail investigations began
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in 1956, both in the general area of Kuba Taba and
the Alazani Valley. Until about 1961, fundamental
studies were made of the properties of hail-producing
thunderstorms and of hail-formation mechanisms. From
1961 to 1963, military shells were used for introducing
ice nuclei into clouds. Since then special anti-hail artillery shells have been employed.
The evaluations of the hail-suppression programs
conducted by V.G.I, are carried out in a manner similar to those made by Dr. Kartsivadze's group in the
Alazani Valley. Studies have been made of the frequency
of hailstorms over the test area during the seeding in
relation to past hail occurrences. Also the frequency
of hailstorms in a target and control area have been compared, again in relation to historical records. Another
series of evaluations was made by comparing hail damage to crops. We were told that the Ministry of Agriculture supplies information on crop yields after harvest
and on damage caused by weather events, particularly
hail.
Dr. Sulakvelidze mentioned that in one area in which
seeding was carried out, it was found that, for the
preceding 20 years, the crop damage revealed by insurance statistics exceeded 20,000 hectares for every single
year of the 20. When seeding was conducted for 3 years,
the damage amounts to 500, 500, and 25 hectares, respectively. He indicated such data clearly show the efficacy of his technique of hail suppression.
Dr. Sulakvelidze stated that, in the first year, the
benefit-to-cost ratio of his operations was about 24 but
now the benefit-to-cost ratio has come down to about 17.
He attributes this reduction to the fact that the areas
which are now being seeded include some where hail
frequency is less than over the areas first seeded. He
estimated that there are about 17,000,000 hectares in the
U.S.S.R. where hail suppression activities would be
feasible economically.
According to Dr. Sulakvelidze, when hail damage
occurs over the seeded area, it happens because of
instrumental problems (radar or artillery) which prevent
effective seeding or because aircraft flights over the
area interfere with effective cloud seeding. He mentioned
that in his opinion the hail formation mechanism is
understood and that this problem can be regarded as
solved.
Dr. Sulakvelidze went on to point out that there
are various tasks still to be done. It is necessary, he
said, to simplify the procedures for selecting clouds to be
seeded and the procedures for seeding so that unskilled
and untrained people can work on hail suppression.
The second major task, he said, is to learn more about
the physics of precipitation, in order to develop techniques for increasing or decreasing precipitation.
Over the last few years, scientists at the V.G.I, have
somewhat modified their views on the structure of
hailstorms. They now visualize that under the influence
of vertical wind shear the thunderstorm may be tilted
from the vertical in such a way that a growing hailstone

may ascend and descend in the vicinity of the droplet
"accumulation" zone. As the growing hailstone follows such a trajectory, it encounters high liquid water
contents, then small liquid water contents, etc. It is
argued that this type of motion can explain the alternate
layers of clear and opaque ice typically found in hailstones.
Dr. Sulakvelidze reported that, following seeding of
thunderstorms, it was discovered that the top of the
radar echo grew from 500 to 2000 m in several minutes.
Thereafter the cloud dissipated and diminished in altitude. A similar behavior was mentioned by A. I.
Kartsivadze in the Alazani Valley.
Radar plays a central part in the activities of these
expeditions. For example, a typical expedition consists
of a central station at which there is a radar set operating at 3.2 and 10 cm. Such a set has two antennas,
pointing in the same direction, with all information
being portrayed on one console. Each detachment is
equipped with at least one radar set and controls 6
or 7 guns.
Several types of artillery shells are used in this work.
The El Brus II contains 200 gm of silver iodide. It can
follow a trajectory which reaches an altitude of almost
6 km and goes out to a distance of 15 km. El Brus III
is now under development. The rockets, on the other
hand, which have been used by the Georgian Academy
of Sciences, have a range of about 9.5 km and can reach
an altitude of about 8.5 km. This means that rocket
stations must be closer together than the artillery
stations.
Some of the characteristics of the clouds in this area
are of interest. In the period from April to May, hailproducing thunderstorms normally have bases at altitudes of 2 to 3 km. The zero degree isotherm is between
2.5 and 3.5 km, and the maximum extent of the clouds
is of the order of 6 to 10 km. Thunderstorms reach
their maximum vertical extent in July and August.
In these clouds, the 0C isotherm is between 4 and 5 km
and cloud tops extend to altitudes of 8 to 12 km.
Hailstorms develop, move and dissipate rapidly. Typical translation speeds are 20 km hr" but have reached
a peak of 130 km hr" . It appears that these thunderstorms are somewhat different than those often experienced in eastern Colorado, in the sense that they
move more rapidly, have a shorter life time, and to some
extent are perhaps somewhat smaller, however, the
data to support these conclusions are sparse at this point.
The scientists at V.G.I, often refer to the so-called
"hail center of a cloud." This is a volume defined by
a radar echo power 10 decibels below the echo maximum.
It is stated that typically hail producing clouds have
hail centers with a volume of 4 to 5 km . The quantity
of silver iodide and hence the number of shells fired
is proportional to the size of the hail center.
In response to a question it was stated that about 45
people are needed to man the hail suppression activities
over an area amounting to 100,000 to 200,000 hectares.
1
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In 1968 the two expeditions in the North Caucasus
had total expenditures of about 700,000 rubles and
benefits amounted to 20 million rubles. This involved
seeding over about one million hectares of farmland
and required the services of some 250 people.
M. T. Abshaev demonstrated some interesting radar
development work now in progress at Kuba Taba. A
single console combines the data from radars operating
on two wavelengths, 3.2 cm and 11 cm. It is possible
to view on an A scope and a PPI the individual intensities at either of the two wavelengths or to present
also on either scope the ratio of the signal voltages
at the two wavelengths. The operation of this radar
set was impressive, the scope images were crisp and
clean, and the form of data presentation are, as far as I
know unique. Dr. Abshaev discussed the work that he
and his colleagues N. I. Bibilashvili, Yu. A. Dadali and
V. F. Lapcheva are doing, in which an attempt is made
to detect the mean and maximum hailstone size within
the cloud by means of observations at two wavelengths.
Apparently, they assume that the hailstones have the
size distribution obtained from measurements of hailstones falling in the northern Caucausus region. If it
is further assumed that the stones are spheres (either
wet or dry), it is possible to calculate the backscattering
cross section as a function of one or two parameters
of the hail-size distribution. Calculations were made
of the ratio of the reflectivities at wavelengths of 3.2 and
11 cm. On the basis of calculations, it is inferred that
when the ratio of reflectivities reaches a minimum, hail
is likely. This technique deserves further study.
The two wavelengths are also used to obtain estimates
of the liquid water content. Isoecho contour mapping is
used. Since rain attenuation at 11 cm is small, while
at 3.2 cm it may be fairly appreciable, the difference
between the 11 and 3.2 cm echo-intensity distribution is
ascribed to attenuation. Having the attenuation, a calculation is made of the liquid water content. If the
volumes observed are about the same, if the scattering
particles are small with respect to 3.2 cm, and if the
equipment is carefully calibrated, this scheme should
be successful in giving liquid water content.
V. Khorguani, who is the chief of the experimental
work of the V.G.I., discussed some of their work.
Studies are being made of the collision efficiency of
particles when aggregates of cloud and rain particles
are present. It is found, for example, that the velocities
of aggregates are greater than when individual particles
are dropped. This investigation is a continuation of one
which was in progress in 1964.
The rates of dispersion of the reagents following the
explosion of a shell fired from an artillery piece are
being investigated. A shell is exploded in the free
atmosphere, and an aircraft equipped with an impacter
and a cold chamber is flown through the region. It
makes collections of the silver iodide or lead iodide
particles which were produced by the explosive shell.
Some of the collection techniques were developed at the

El Brus Observatory in Terscol. On the basis of 60
experiments, it was concluded that the output of silver
iodide amounted to about 6 X 10 nuclei per gram at
a temperature of —10C. When lead iodide was used in
the artillery shell, it was found that the number of
nuclei was about 6 X 10 per gram at a temperature
of —10C. These results are not very different than those
that were found in laboratory tests of these explosive
devices. On electron microscope slides, it was found that
the sizes of the nuclei range from 0.08 to 0.11 microns.
In response to a question, it was stated that the cost
of silver iodide and lead iodide projectiles was the
same even though the latter substance costs less than
silver iodide. The seeding chemicals represent only a
small fraction of the total cost of each shell, hence it
makes little difference which of the two seeding agents
is used.
The aim of the seeding was to produce about 0.1
particles per cubic centimeter at a temperature between
—6 and —10C. It was found that, when the projectile exploded, the zone of the reagent expanded to
300-400 meters in one minute. In some tests, radioactive
tracers were used in the shells, in particular strontium
and phosphorus isotopes. This was done in order that a
better notion could be obtained of the spread and
eventual deposition on the ground of the seeding agent.
Scientists on this project indicated that health authorities are concerned about the effects of the lead iodide.
It is argued that since lead poisoning is cumulative, a
long period of lead iodide seeding over a relatively
small area could eventually lead to harmful effects on
animals and people. Attempts were made to obtain
quantitative estimates of dangerous concentrations of
lead and of concentrations measured in precipitation,
but no specific figures were offered. The question of
the relative importance of lead from cloud seeding and
lead from gasoline was raised by the Delegation, but
no answers were obtained. This question of lead
poisoning deserves to be examined in more detail
even though, in the United States, very little lead
iodide seeding is done.
Kh. Kh. Medaliev has conducted laboratory work on
the nucleation of waterdrops. Observations have been
made of the rate of ice crystal formation and growth
as a function of the rate of supercooling. It was concluded that at temperatures below —10C ice formation
was by the process of sublimation, but that at higher
temperatures, the ice crystals developed when waterdrops intercepted ice nuclei. It is felt that this freezingnuclei process is effective between —5 and —10C. It
was stated that at a temperature of —10C, it is necessary to introduce more than 10 nuclei per cubic centimeter into a cloud in order to produce nucleation.
Dr. Sulakvelidze reiterated an important view on the
behavior of Agl and Pbl nuclei, that is, when silver
iodide nuclei are introduced into a cloud at —5C they
will produce ice crystals, but if the nuclei are introduced
at a temperature of 0C or more, and then the cloud air
12
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is cooled the nuclei will not produce ice crystals until
the temperature is lowered to — 10G or less. This result
is one of the chief justifications for using projectiles
for seeding potential hail clouds because it is considered
necessary to produce ice crystals at temperatures between —5 to —IOC.
Krasnodar Expedition

The Delegation spent five informative days at an antihail detachment near the town of Labinsk. This is the
head detachment of the Krasnodar Expedition of the
High Altitude Geophysical Institute. This expedition
has three detachments located near Labinsk, Otradnenski, and Khoshebabinski. The three detachments have
a total of 19 guns, distributed 6, 6, and 7, respectively,
and carry out ice nuclei seeding by means of artillery
over a total area of 450,000 hectares. It is not clear
whether Agl or Pbl was being used. In the past, both
substances have been employed.
The chief of the Krasnodar Expedition is V. Kharchenko. Other scientific and operational personnel
who were at Labinsk were the following: N. Bibilashvili,
N. I. Glushkova, V. F. Lapcheva, and Boris Thamokov.
These people are primarily research workers. The scientific leader at the Labinsk station is Antonnina Kovalchuk.
The detachment at Labinsk has a total of some 61
people, 25 at the station plus 50 more at the gun sites.
Each gun has 5 people. There are 6 scientific workers
who engage in practical jobs when needed. In addition,
other scientists visit the station at periodic intervals.
At the two other detachments there are 45 people
each, including those who fire the guns. These numbers
include all personnel—mechanics, cooks, etc.
The following is a typical day during the hail season.
The staff at the detachment awakens at 7 a.m. At 9 a.m.
there is an operational meeting to get a weather briefing
and to decide whether it is a "go day." If the forecast
calls for hail, all gun sites are notified, the aviation
authorities are informed of the possibility of artillery
firing and the radar operators are instructed to turn
their equipment on. If no hail is predicted, the day
is spent in doing scientific research, and maintaining
equipment, etc. If clouds form, radar observations are
made and if necessary, additional radiosonde runs
can be made and the forecasts revised.
When hailstorms begin to develop, the radar van
becomes the center of the seeding activities. The operations controller sits at the radar console (which has the
appearance of the console of the World War II SCR
584, with many refinements, of course). In the radar
room at Otradnenski a person sitting just to the left of
the controller made notes of the characteristics of radar
echoes as they were read off the scopes by the controller. In the same room there was a map plotter sitting to the right and behind the radar controller. The
plotter's responsibilities were to spot on a map, the position of the radar center tQ be hit by the artillery shells,

and then to calculate the coordinates to this center
from the nearest gun site. Having ascertained these
coordinates, the map plotter then read them off and
they were relayed to the appropriate gun site. At the
Otradnenski detachment, the peak of thunderstorm intensity during the Delegation's visit, there were two girls
reading off firing instructions over radio telephones.
Each one was connected to three gun sites. During the
course of the afternoon and early evening, all six guns
were firing at various times. We were told that, at times,
as may as 3 or 4 guns could be firing at the same time.
It was estimated that it would take about one and a
half minutes from the time that the radar controller
had spotted a threatening thunderstorm, to the time
the gun was actually fired. This would involve the following steps: the reading of critical radar parameters
such as echo intensity, height of the echo, etc.; the
reading of coordinates to the map plotter; the calculation of coordinates from a gun to the storm; the
transmission of this information via radio to the appropriate gun; the adjustment of the azimuth and elevation
angles of the gun; the setting of the range of shell
explosion; and the firing of the gun. Watching the
crew at Otradnenski in operation, it appears that their
time estimates are realistic. It is clear that if such an
operation is to be run efficiently, experienced personnel
are essential.
In order to avoid damaging aircraft in flight, the air
traffic controllers must be notified 45 minutes before the
actual artillery firing. Since virtually all air traffic is
under control, the area usually can be cleared of aircraft before the barrage begins. Just before firing, permission must be obtained again. Aviation authorities
make the final decision on whether or not the guns
may be fired, and on occasions they have refused to give
permission.
It was stated that the shells seldom fail to explode.
The explosion causes the shell to break up into small
fragments and there are no reports of injuries to people
on the ground. In the sparsely populated areas where
seeding is done, the people probably get under cover
as soon as they recognize the presence of thunderstorms.
The Aerosynoptic Laboratory, under the direction
of Dr. Glushkova is responsible for making weather forecasts. Two soundings a day are normally taken but on
occasions special radiosondes are released.
She reported that forecasts of no hail are almost 100%
correct, but that forecasts for hail are about 80% accurate. The forecasts are used to identify operational
days. On all days when hail is predicted, provisions
are made for seeding developing thunderstorms if the
radar observations show signs that hail might occur. On
the basis of the 80% accuracy figure quoted above, the
operators of V.G.I, are on station and prepared to seed
on many days when hail does not occur.
The details of the forecasting technique are not clear.
There are certain aspects of it which appear to be
puzzling. However, before attempting to evaluate its
933
Unauthenticated | Downloaded 01/09/23 12:51 PM UTC

Vol. 50, No. 12, December 1969
usefulness in the United States, it would be wise to
study the hail forecasting manual used by the group at
V.G.I. The relevant document is a paper entitled "Hail
forecasting," by N. I. Glushkova and N. E. Minakova,
which was published in 1967.
It appears that the forecasting technique involves
the use of a modified version of the slice method. When
the relative humidity above the 850-mb level exceeds
60% entrainment is neglected. When the relative
humidity is less than 60%, the forecast is made in two
ways: one taking entrainment into account and another
one not doing so.
Dr. Glushkova is also working on theoretical models
of hailstorms. She has developed a set of equations from
which the vertical profile of air velocity and liquid
water content, the type of hailstone growth and the
size of the hailstones can be calculated knowing temperature and moisture profiles.
Miss Kovalchuk discussed how the radar set is used
to ascertain the likelihood of hail. The parameters they
use in this operation are the radar reflectivity, the echo
top height and the temperature at the echo top. When
using an S-band radar, the criterion for hail is that the
temperature of the echo top be less than about —20C
and that the radar reflectivity, rj exceed about 1 X 10"
cm. The criterion for hail on a 3-cm radar set is that the
temperature of the cloud be less than about —27C, and
that 7] > 1 x 10" cm. These criteria were selected so that
essentially all hail clouds would be identified. This
means that there will be some clouds which are incorrectly included in the hail-producing category, but
almost none of the hail producers would be missed.
Miss Kovalchuk stated that the configuration of the
echoes depends on the wind shear. If the wind shear
is light, the echoes are mostly vertical; when the wind
shear is strong, the echoes tend to lean with the wind.
In the latter category, hail growth takes place in the
forward edge of the cloud, and hence this region is
seeded at temperature levels between —6 and —10C.
The Delegation saw an actual hail modification operation at the Otradnenski detachment. Small ice particles
were observed at the beginning of the storm. They were
perhaps 2 or 3 mm in diameter—not large enough to
do any damage to the crops. The thunderstorms went
on for 3 or 4 hours and were still continuing when we
left the station. Later that night, it was reported that
the detachment at Otradnenski fired 107 shells and that
the one at Labinsk fired some 96 times. Damaging hail
did not fall at the stations visited, but this is not to
say it did or did not fall somewhere else.
Dr. Bibilashvili was at the radar controls at Otradnenski and it was evident that he had a great deal of
experience. The radar console displayed information
from an S-band and a 3.2-cm radar. The controller had
at his disposal A-scope, PPI and RHI presentations;
separate A-scopes were employed for each of the two
wavelengths, but for the RHI and PPI displays it was
necessary to switch from one wavelength to the other.
9

7

Both radar sets were equipped with attenuators. The
radar controller, by adjusting the attenuators, could
measure radar reflectivities at either wavelength.
Each of the persons in the operating room, namely,
the controller, the note-taker, the map plotter and the
girls at the telephones, worked with practiced efficiency. All in all, the operation at the Otradnenski
detachment, as was the anti-hail operation in the Alazani
Valley, was very impressive. During the author's last
visit to the Soviet Union in 1964, these procedures were
discussed but were not seen in practice.
At Labinsk we saw some interesting films dealing with
the work of V.G.I. One of them, dealing with hail seeding activities, was called "experimental" and made use
of animation techniques. Maps showing the region where
the seeding was being carried out were presented at
three-minute intervals. Radar echoes were represented
by swatches of cotton, and X's were used to represent
artillery projectile explosions. Also shown on the maps
were reports of lightning and hail. Almost all the
indicated hail fell at the edges of the protected areas
rather than on it. The film covered a period of two days
of operation, and was very effectively done to illustrate the reported effect of the anti-hail activities. The
film is an excellent vehicle for explaining the field
programs of V.G.I.
The Delegation visited a state farm in the vicinity
of Labinsk and was cordially received by the director,
S. Kravchenko, who discussed the operation of the farm.
He stated that a certain fraction of the farm income is
allocated to crop insurance. He indicated his conviction
that the anti-hail seeding had been effective in reducing
hail damage over his farm.
Before leaving Labinsk there was a lengthy discussion of various aspects of the V.G.I, activities. The conference was under the chairmanship of Dr. Sulakvelidze
who flew in by helicopter from his headquarters in
Kuba Taba. A major share of the discussion revolved
around the evaluation of the efficacy of seeding, but
other aspects of this problem were examined.
In response to a question, Dr. Sulakvelidze indicated
that he did not feel that it was necessary to use salt
in the hail-suppression programs. It may be recalled
that the Transcaucasion Hydrometeorological Research
Institute fires salt into the lower parts of thunderstorms
as well as ice nuclei into the upper part. In response to
another question Dr. Sulakvelidze noted that in the
north and south regions of the Caucasus, mean hailstorm diameters were about 5 km, but that clouds moved
faster and are taller in the southern areas.
The early evaluations of the effectiveness of V.G.I,
seeding techniques was done over a target area of 50,000
hectares. Data on hail occurrences during the preceding
13 years were examined, and it was found that over the
target area there was a minimum of 6, a maximum of
20, and an average of 13 hail-days per year. During 3
years of seeding over the same target area, the number
of hail-days was zero. At the same time, over the
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surrounding so-called "unprotected area" there were 15
to 16 hail-days per year. If these quantities are accepted,
it must be concluded that the seeding was having
spectacular results.
The second type of evaluation of the effect of seeding
consisted of a comparison of the size spectrum of hailstones at the ground before and after seeding. When
clouds were not seeded, the peak frequency of hail was
at some diameter substantially removed from zero.
Unfortunately, we do not have specific numbers. When
clouds were seeded, the spectrum of ice particle diameters at the ground were shifted very close to zero.
Still another technique of seeding evaluation consisted
of comparing crop damage in the target area with that
in a nearby control area. The two adjacent areas consisted of approximately 250,000 hectares. On the basis of
10 years of data before seeding, it was determined that
the average hail damage over the areas averaged 7%
in both areas. During 2 years of seeding the actual
damage over the seeded area amounted to 2% one year
and 1% the next. In 1968, the damage in the target
area equaled 41 hectares of cropland, while in the
controlled area it was 29,000 hectares. The damage to
crops was determined by representatives of the Agricultural Ministry who concern themselves with crop
insurance.
In response to a question, Prof. Sulakvelidze stated
that his group had not studied whether or not the
seeding had any effect on the rainfall. He indicated that
rainfall was not a problem in this area and they just
were not interested in it.
I. I. Burtsev, who is the deputy director of V.G.I,
discussed various types of research. He gave some additional results of the analysis of the effectiveness of
seeding in 1968. He stated that the total target area was
1,800,000 hectares, and the total damage in the target
area amounted to 20,000 hectares. On the other hand,
over the control areas, which totaled 1,000,000 hectares,
there was a total damage of 104,000 hectares. These
quantities reduce to the following results: in the target
area the damage was 11 hectares per 1000 hectares,
whereas in the control area the damage was 104 hectares
per 1000. In other words, the damage was ten times
greater over the control than over the target when
expressed in terms of a unit area.
Dr. Burtsev reviewed his investigations of the degree
of dispersion of the reagents used for seeding. Radioactive particles of phosphorus 32 and strontium 89
were put in projectiles and were fired into and below
cumulonimbus clouds. It was established in the laboratory, that the peak of the size distribution of the radioactive particles was about 0.2 fi. When they were fired
into the accumulation zone of thunderstorms, it was
found that on the ground, the radioactive particles
were distributed over an area of 27 km . This was established by collecting the rainfall and determining the
presence of the radioactive isotope. When the projectiles
were fired into the rain area below the cloud, the radio2

active particles generally were spread over an area
of 17 or 18 km .
When shells were exploded in the clear atmosphere,
ice nuclei spread at an average rate of about 3 m sec .
They reached a diameter of about a kilometer in 300 sec.
2
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Moldavian Anti-Hail Expedition

The Moldavian Anti-Hail Expedition has its headquarters at a field station close to the two of Korneshti, about
50 km from Kishinev, the capital of Moldavia. This expedition is under the direction of I. I. Gaivoronskii.
The Chief of the anti-hail operations at the station is
Leonid A. Dinevitch. The principal scientific personnel
at this station are from the Central Aerological Observatory, but there also are scientists and technicians
from the Main Geophysical Observatory and the
Moldavian Hydrometeorological Service.
The Moldavian Anti-Hail Expedition carries out the
seeding operations over an area of 215,000 hectares by
means of 19 rocket stations some 10 to 12 km apart.
They employ the same type of rocket, the "Oblakov,"
which is being used by Dr. Kartsivadze's group in the
Alazani Valley. Lead iodide is the seeding agent. The
maximum range of the rockets is about 9.5 km. Early
in this program, a small rocket called the PGI was
used. It had a maximum height of about 5 km.
Incidentally, Dr. Gaivoronskii also directs an antihail operation over 80,000 hectares in the Crimea.
In Moldavia where the most prominent crop is
grapes, about 90% of the hailstorms are associated with
frontal systems. The point frequency of hail is 4 to 6
days per year. In the region, as a whole, there are
perhaps 31 hail days per year.
There are between 75 and 80 people involved in the
entire operation. Of these, 57 work at the 19 rocket
launching sites. Before 1966, the program at Korneshti
was mostly concerned with research on the properties of
hailstorms and on hail-seeding techniques, but since
1966 the hail seeding has been on an operational basis.
Six radar parameters are used to determine the likelihood of hail. It might be recalled that in the Alazani
Valley eight parameters are employed. Dr. Gaivoronskii
noted that two of the eight contributed little information because they were not independent variables, and
it was felt they could be discarded without loss of
accuracy. A small analogue computer similar to one
used by Dr. Kartsivadze's organization was constructed
allowing the operators to enter the 6 radar parameters
and have an output reading of hail probability.
Dr. Gaivoronskii indicated that the cost of operations
in Moldavia was between 400,000 and 500,000 rubles
a year and that the benefits over the approximately
200,000 hectares amounted to about 2 million rubles,
leading to a benefit to cost ratio of 4 or 5 to 1.
The chief means of evaluation of the effects of the
seeding consisted of a comparison of hail occurrence and
hail damage over a target area and over two control
areas. Early evaluations were based on a target area of
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100,000 hectares with Korneshti near the center. It is the
region of maximum hail frequency in Moldavia. An
area, consisting of 300,000 hectares, surrounding the
target area was Control Area No. 1. Control Area No. 2,
consisting of 100,000 hectares, that is the same size as
the target, was located to the northwest of the target
area and physically separated from it. The area of crop
damage over the target and the two control areas, were
measured during 1962 and 1963 when there was
no seeding. The ratios of damages over the control
areas to the damages over the target areas were found
to be less than 1.0. After seeding started, the same ratios
became greater than unity. In 1964 and 1965, when the
seeding was being carried out, only part of the time
on an experimental basis, the ratios of damage over the
control areas to the damage over target areas, were
between 1.2 and 1.9. In 1966 and 1967 the ratios were
greater than 4, and in 1968 the ratio of damage over the
Control Area No. 2 to the target area was equal to 12.8
and the ratio of damage over the Control Area No. 1
to the target area was equal to 28.6.
The group in Moldavia has examined the effects of
the lead iodide seeding for hail-suppression on rainfall at
the ground. They concluded that the seeding did not
decrease the rainfall.
N. O. Plaude specializes in the study of the nucleating
properties of various substances and of pyrotechnic seeding substances. Apparently most of her work has been
done in the laboratory. She has found, for example, that
lead iodide produces about 10 times fewer nuclei
than silver iodide, a result which agrees with those
reported by scientists at V.G.I.
Dr. Plaude has examined the efficacy of phloroglucinal
and found that it can be dispersed as small particles
by thermal methods. The nuclei concentrations which
she was able to produce were 5 X 10 at —10C and
3 X 10 at —20C. She also is concerned with the efficacy
of various seeding agents in field applications, and
noted that is the reason for her presence at Korneshti.
At the present time the rockets in Moldavia are using
lead iodide, but Dr. Plaude stated that in a few years,
copper sulphide might be used. She indicated that at
the present time it is being studied in the laboratory.
G. S. Voronov discussed the use of radar for establishing the likelihood of hail in a cumulonimbus cloud.
As noted earlier, six parameters are employed: 1) echo
top altitude; 2) temperature at the echo-top altitude;
3) the ratio of the echo thickness above and below the
0C isotherm; 4) the maximum radar reflectivity; 5) the
altitude of maximum radar reflectivity; and 6) temperature at the level of maximum radar reflectivity.
The three most important parameters are found to be
the altitude of the echo top, the value of maximum
radar reflectivity, and the altitude of the level of maximum radar reflectivity. As is done in the Alazani Valley,
rockets are fired whenever the probability of hail over
the "protected" area exceeded 5%.
12

15

In 1968 the probability of hail was calculated for 526
separate radar echoes and 121 were seeded. The 526
radar echoes were contained in 44 thunderstorm "complexes." Each complex is a group of thunderstorms,
and according to the criteria used by the Moldavian
scientists, there must be a break of at least 1 hour between individual thunderstorm complexes.
It was found that starting about 10 minutes after
seeding, 4 of the 6 radar parameters increased in
magnitude while 2 of them decreased. The height of
the echo top and the maximum radar reflectivity increased for a period of 5 to 10 minutes and then began
decreasing rapidly.
Dr. Voronov indicated that their analyses showed that
excessive wind shear inhibited cloud formation and that
the level reached by convective radar echoes was determined by the level where the vertical wind shear exceeded 5 m sec" km .
Dr. Gaivoronskii discussed investigations aimed at
reducing the damaging effects of strong winds and heavy
rain. Attempts were being made to disperse thunderstorms and incipient thunderstorms by seeding them
with coarse insoluble aerosols such as cement. The
quantity of cement dispersed into the clouds was
about 1 kg km of cloud, or about 10 to 15 kg for one
convective cloud cell. The dry cement particles ranged in
diameter from 5 to 50 /x with most of them being about
20 fi. It was stated that when wetted in the laboratory,
the 20 At particles increased to about 50 fi. Plans are
underway to study the growth of the cement particles in
the 20-m vertical tunnel at the Institute of Experimental
Meteorology at Obninsk. It is possible, in this tunnel,
to produce vertical air velocities from zero to 70 cm
sec" .
It should be noted that 1 kg km amounts to 10"
gm m~ , an extremely small value when compared to
the liquid water content of a convective cloud. Dr.
Gaivoronskii readily agreed with this point, and added
that they did not understand how the cement affects
the dynamics of the convective cloud, but nevertheless
the experimental results indicated that it did so. He
reported that 65 thunderstorms were seeded with cement
and there were 62 "successes." Four hundred thirty-five
cumulus congestus were seeded and almost all of them
showed an "effect." He stated that less than 20 minutes
after putting the powders into the updrafts of the convective clouds, there was a lowering of the treated
cloud. The degree of the "effects" depended on the
strength of the updraft in the clouds. Experiments
were conducted in clouds 8 to 10 km thick which
produced only small amounts of rainfall.
Dr. Gaivoronskii indicated that he did not know if
cement seeding would be an effective way to reduce
rainfall. Plans are being made to put some cement in
rockets and fire them into the clouds, but apparently
this has not yet been done.
Dr. Gaivoronskii also stated that they have not used
the rockets for seeding with salt, although it could
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be done. He does not feel that hygroscopic particles
are effective in hail suppression.
Studies are being made of the dispersion of reagents
following seeding by means of rockets. This is done by
using the radioactive isotopes, phosphorous 32 and
strontium 89 in much the same manner as is being done
with artillery shells by Dr. Burtsev of V.G.I. Two
rockets are fired at the same time, one containing lead
iodide, the second containing a capsule within which
there is the radioactive substance. The capsule explodes
at a predetermined position and releases the radioactive
particles. Rainfall is collected at the ground and
examined for its contents of the radioactive isotopes.
We were not given the details of these measurements.
The Ukrainian Hydrometeorological
Research Institute

The Ukrainian Hydrometeorological Research Institute
is under the direction of K. T. Logvinov. The Institute,
located in Kiev, was founded in 1953. It consists of six
divisions which work on a wide variety of problems.
In total there are approximately 450 full-time employees of whom 45 have doctors degrees. The number
of engineering and scientific workers having university
degrees totals about 150.
The Division of Cloud Physics and Weather Modification, under the direction of E. E. Kornienko, has about
65 people working on the development of techniques
for precipitation increase, precipitation redistribution
and the dissipation of supercooled clouds. A major share
of the research on rainfall modification in the Soviet
Union appears to be concentrated in this Institute.
The Division for Experimental Work, consisting of
about 100 employees, is directed by Dr. Ferman. Most of
the field experiments are done over an area 100 by 120
km near Dniepropetrovsk which is located about 400 km
southeast of Kiev. Over this area there is a network of
450 raingages. Although they are sometimes called
"weighing raingages," they are not recording gages.
Instead they catch the rain or snow and the water is
weighed twice a day. A weather-radar set is located near
the center of the test area.
Dr. Kornienko discussed the organization and research of his Division. It consists of five laboratories.
The Laboratory of Weather Modification, which was
started 10 years ago, is directed by I. P. Polovina. It
engages in research on the artificial stimulation of rain
and the dissipation of supercooled clouds and fog.
The Laboratory for Theoretical Research is directed by
M. V. Buikov who, incidentally, served as the interpreter
at the scientific sessions in Kiev and did an excellent
job. His laboratory makes theoretical studies of clouds
and rain. The Laboratory for Cloud Physics, directed
by A. V. Tkachenko, deals with the problems of the
evolution of stratus clouds, studies the results of field
experiments, etc. The Laboratory for Aerosols, directed
by R. A. Bakhanova, studies the properties of different
seeding reagents used to modify clouds and fog. Scien-

tists in this group have conducted experiments on the
dissipation of steam fog. The Laboratory of Radar
Meteorology, directed by V. M. Muchnik is concerned
with the use of radar for measuring rainfall and for
evaluating cloud seeding experiments. There are about
15 to 20 people in this laboratory.
Sometimes several laboratories join forces, particularly in the field experiments over the large experimental area.
The rainfall stimulation experiments in the Ukraine
have been divided into three classes: 1) stratus; 2) cumulus; and 3) frontal clouds, that is nimbostratus and altostratus. All the seeding consists of dispersing crushed
C 0 from airplanes.
Modification of supercooled stratus. Some years ago
the cloud seeding experiments of the scientists at this
Institute were done over a "polygon" 50 by 75 km, but,
as already noted, now the area has been enlarged to
100 by 120 km.
The following procedure is used when seeding supercooled stratus. At the beginning of the day an airplane
makes a sounding from the ground to the top of the
cloud. In addition, rawinsonde observation is made. If
the cloud is supercooled, CO pellets are dropped along
a line about 20 km long and perpendicular to the wind
just over the cloud top. The seeding line is over the
polygon. Effects are usually detected about 15 minutes
after seeding, some 8 to 10 km downwind from the
seeding line. Typical wind speeds are 30 to 40 km hr" .
It is found that the seeding effects are noticeable over a
distance of perhaps 20 km in the form of streaks on
precipitation which show up very clearly on the radar
set located near the center of the polygon.
It was found that the seeding produced precipitation
when the cloud thickness was equal to or greater than
300 m and the minimum temperature in the cloud layer
was below —3C. The liquid water content in a column
having a cross section of one square meter must be
greater than 30 gm, that is about 0.1 gm m~ in a height
of 300 m. Dr. Kornienko stated that 70% of the liquid
water in the clouds can be made to precipitate to the
ground. These stratus clouds typically have their bases at
300 to 500 m, above the ground. Temperatures at the
ground generally are below 0C.
Many years of data were used to estimate the
amount of precipitation reaching the ground after the
seeding. It was concluded that on the average, seeding
would produce 0.2 to 0.3 mm of precipitation in a twohour period. In order to evaluate the significance of such
increases, it is necessary to take into account the frequency of suitable clouds in a typical winter. It was
calculated that over an area of 1000 km , it would be
possible to produce an 8 to 10% increase in winter precipitation. This would amount to a 12 to 15 mm increase
for an average winter. This increase in snowfall would
result if the seeding was done only along one track,
which assumes essentially that the wind is from one
direction. If the seeding were done for all directions of
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the wind, Dr. Kornienko indicated that over an area
of 1000 km it should be possible to produce an average
of 26 mm of precipitation. In a typical winter one
might expect 350 hours of suitable stratus clouds appearing on about 25 days.
Dr. Kornienko noted that the stratus clouds in the
winter in the Ukraine are very uniform in character
and texture and almost never produce any rain naturally.
Precipitation only occurs when they are seeded with ice
nuclei.
Seeding of frontal clouds. The techniques of evaluation of the effects of seeding of nimbostratus and altostratus clouds associated with frontal systems is different from those used in the case of stratus clouds.
Frontal clouds usually precipitate naturally, and therefore, it is necessary to discriminate between the precipitation which would have fallen naturally and that
which was caused to fall because of the seeding. The
seeding was carried out over the experimental polygon
along the track about 20 km long, perpendicular to the
wind direction at an altitude near the cloud tops.
Crushed carbon dioxide was dispersed from an airplane
at a rate of about 300 to 500 g km of flight path, with
the rate being proportional to the cloud thickness. In
the evaluations it was assumed that the precipitation
particles fall to the ground at an average speed of 1.5 m
sec" , and this figure was used to determine where the
artificially produced precipitation, if any, would reach
the ground. It was reported that the precipitation particles commonly would fall to the earth some 15 minutes after the seeding. The effects of seeding are investigated by examining precipitation in three areas, a
target and two control areas. The target area is 20 km
wide and extends from points on the ground which are
15 minutes and 60 minutes "downwind" of the seeding
line. For example, if the wind at the seeded altitude
were 40 km hr , the target area would be 30 km long
and extend from 10 to 40 km downwind of the seeding
line. The control areas, each of them equal in size to the
target area, are on either side of it and adjacent to it.
Precipitation in the target is compared with precipitation in the controls.
Clouds were not seeded if they did not equal or exceed
300 m in thickness and have a minimum temperature
below —3C. In general, seeding was done from an
altitude of 1 to 3 km. Forty-five experiments having
durations of one to four hours were performed. Dr.
Kornienko stated that there were 2 experiments in which
precipitation was decreased; in the others there was
either no effect or an increase, with the maximum
amounting to 2.5 mm. It was estimated that on the
average, precipitation was increased 0.7 mm per experiment. This quantity was obtained by taking the average
precipitation over the target and subtracting the average of the precipitation over the two control areas. It
was estimated that over an area of 1000 km , considering typical winter conditions and the frequency of suitable frontal clouds, C 0 seeding could increase normal
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winter precipitation by 20 to 25%. Normal winter precipitation is 140 mm.
As already noted, the primary target was the area
whose width was approximately 20 km and whose
dimension downwind was defined by the wind speed
multiplied by 45 minutes. As already noted, over this
primary target area the reported precipitation increase
averaged 0.7 mm per experiment. Precipitation amounts
also were examined in two areas immediately downwind from the target area. Each successive area was 20
km wide and a length equal to the wind speed times 45
minutes. If the wind were 40 km hr , each of the
areas would be 30 km long. Dr. Kornienko reported that
the seeding caused increases in all three areas, but that
the increases were successively smaller in downwind
areas. They reported no evidence of decreases in precipitation downwind as a result of seeding.
It was remarked that the frontal clouds, although flat
and stratified, differ from the stratus because the former
are in a constant state of formation. They contain updrafts which are constantly producing new clouds as the
old ones are precipitated.
Dr. Kornienko concluded that carbon dioxide seeding
of winter clouds in the Ukraine can increase precipitation by 30%.
Cumulus seeding. During the summers of 1960 to 1965,
cumulus clouds over the experimental polygon were
seeded from the air with crushed dry ice and the precipitation in a target area was compared with the precipitation over a nearby control area of the same size.
The rainfall amounts over the control area for the
months of May, June, July and August for four years
were compared with the rainfall over the target area in
May and June for two years. Average monthly rainfall
over the target area was 20% higher than the rainfall
over the control area but the statistical significance
was very low. It was found that in order to obtain
satisfactory statistical significance, it would be necessary
to continue this experiment for many tens of years.
In view of this result, it was decided to change procedures
and to seed individual clouds on a random basis.
The technique they employed was similar to one
used by F. D. Bethwaite and his colleagues in Australia. An airplane flew through the top of a convective cloud and either seeded it with C 0 or did not
seed it according to a randomization scheme. Then
the airplane flew through the precipitation falling out of
the base of the cloud. The airplane followed perpendicular paths with each track through the rain shower taking
5 to 8 minutes. A device extending out of the top of
the fuselage captured the raindrops striking a known
sampling area. Knowing the volume of air sampled,
it was possible to calculate the liquid water content
of the water, and having some notion of the drop
sizes, to calculate rainfall intensity.
The instrument for measuring rainfall has a sampling
area of 55 cm . Water drops entering a chamber strike
an absorbing material made of fiberglass. The quantity
-1
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TABLE 2.

Results of randomized seeding of individual convective clouds in the Ukraine.

Treatment

Number of
clouds

Per cent of clouds
with rain

Duration of rain
(min.)

Seeded
Not seeded

79
92

43
32

20 min.
14 min.

of rain water collected is determined by carefully weighing the sampler on the ground before and after the
collection has been made.
Over a three-year period, a total of 171 convective
clouds were observed. A randomization scheme was
employed to select clouds for seeding and as a result
79 clouds were seeded and 92 were left unseeded. The
results are shown in Table 2.
The mean quantities of rainfall listed in this table
were calculated considering only clouds with rain. If
all the clouds are included, mean total rainfalls equal
7.1 and 2.3 thousand metric tons for the seeded and notseeded clouds, respectively. It is evident, that the reported quantities of rainfall from seeded clouds was
much higher than from those which were not seeded and
Dr. Kornienko stated that the results have very high
statistical significance.
Although the evidence indicates that seeding produced large rainfall increases from individual convective clouds, this result, taken alone, does not indicate
to what extent this type of cloud seeding can effect total
summer rainfall. Dr. Kornienko and his associates examined this question by making an estimate of the
number of clouds suitable for seeding and calculating
their contributions to the total seasonal rainfall. By
taking the observed number of clouds per month over
the operational area and noting that the ratio of seeded
to not-seeded mean rainfall was 4.8, they computed that
the mean monthly summer rainfall could be increased
by 0.4% over the climatological mean. Dr. Kornienko
pointed out that in their seeding experiments, they
did not seed all of the available cumulus clouds, and
they did not seed at night. Taking all available suitable
clouds into account, the expected rainfall increase would
be greater than 0.4%; however, he indicated that the
most reasonable figure that they could arrive at was
that the seasonal summer rainfall would be increased by
about 1%. It was concluded that this amount is so small,
that from a practical point of view, the seeding of
cumulus clouds over the Ukraine is not of economic
importance.
The convective clouds that were seeded were in a
class between cumulus mediocratus and cumulus congestus. Typically these clouds were about 3 km in
diameter at the cloud base and were from 1 to 5 km
deep with a mean thickness of 3 km. Cloud base temperatures were usually from + 8 to + 12C. Temperatures
of the cloud tops ranged from —4 to —20C with an
average of — 11C. Over the Ukraine, colder clouds usually

Total rainfall (thousands of metric tons)
Maximum

Minimum

Mean

160.7
74

0.03
0.02

16.6
7.2

crystallize naturally. Each cloud was seeded with about
10 kg of crushed CO . It was observed that after seeding, the clouds grew an average of about 300 m. Little
difference could be seen between seeded and not seeded
clouds.
In general the taller the cloud and the lower the
temperature at the top, the more rain was observed to
fall from it, but the quantity of rain also depends on
other factors. Dr. Kornienko suggested that the precipitation increases that they reported were a result
of the fallout of existing precipitation. He said that in
order to produce larger increases in precipitation than
those observed, it was necessary to find ways to cause
clouds to grow much more than they would naturally.
The airplane used in these experiments was a twoengine IL-14. It has a maximum altitude of 6 to 7 km.
Two such airplanes flown by Aeroffot pilots were available and paid for by the Hydrometeorological Institute.
Each aircraft is equipped with a variety of instruments
including a device for measuring cloud droplets by collecting them on oil-coated slides. Liquid-water contents
in clouds are measured by means of an instrument designed by V. A. Zaitsev. Measurements of the temperatures of the free atmosphere are made by means of a
resistance thermometer.
Carbon dioxide for seeding usually is taken into the
airplane in blocks and crushed in the air before being
dropped into the cloud tops. Sometimes it is crushed on
the ground before takeoff. There is no control over the
size of the pellets.
Comparisons have been made of the rainfall measured by means of the airplane sampler and rainfall
measured at the ground. The results are in fair agreement even though there are some serious uncertainties.
For example, as noted earlier, the rain gauges do not
record and hence time resolution is a problem.
A crucial aspect of the experiments with frontal clouds
involves the definition of the target area. The scientists
at the Ukrainian Hydrometeorological Institute assume
that there is very little horizontal spread of the ice
crystals downwind of the seeding track. Observations of
the radar echo pattern produced in stratus clouds by
CO seeding show that this assumption may not be too
much in error. It does not necessarily follow, however,
that the assumption of very little horizontal spread
would apply in frontal cloud where the turbulence patterns would be expected to be different than in thin
stratus clouds.
a

a
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Dr. Bakhanova and her associates in the Aerosol Laboratory have worked on the development of techniques
for the modification of steam fog. Their primary purpose
is to prevent its formation and if it exists, to cause it to
dissipate. They do this by creating a thin film of insoluble fatty alcohols over the water where a fog may form
and thereby retard evaporation. Various techniques are
used to produce the film. One of them is to dissolve
the alcohol in kerosene and then to spray it over the
water.
In the winter of 1966-67, experiments were carried
out over the Kola Bay near Murmansk. It was concluded that fog over an area about 3 km can be dissipated. Unfortunately this scheme requires large quantities of kerosene and new ways of dispersing the fatty
alcohol are being tried. One procedure employs suspensions of fatty alcohols in water produced by means of
an ultrasonic generator. A slurry is made and then it is
sprayed over the water. The fatty alcohol, either in a
water slurry or in a solution in kerosene, is dispersed by
a small ship sailing back and forth along a line perpendicular to the wind and spraying the material. The
alcohol film then spreads out over the water as it moves
downwind.
In the experiments already conducted, one metric ton
of 3% alcohol in kerosene was used for each 1 km of
water surface. The tests were carried out during a period
when the water temperature was near OC, the air temperature was from —15 to — 21C and the winds were
between 5 and 7 m sec . When winds exceeded 7 m
sec" , the film was destroyed but under these wind conditions, dense steam fog was unlikely.
Dr. Bakhanova said they are using the particular
18 to 23 carbon chain fatty alcohols rather than hexadecanol because the latter is not available. In response
to a question, she mentioned that they are not carrying
out evaporation suppression experiments for the purpose
of conserving fresh water supplies.
Some tests have been conducted on the effects of
fatty alcohols on condensation nuclei. They introduced
sodium chloride particles into a chamber with fatty
alcohols and found that the latter was adsorbed on the
sodium chloride particles. It was reported that this
reduced the effectiveness of these particles as condensation nuclei. For example, if under a particular set of
conditions, a time t was required for a particular NaCl
particle to grow to a particular diameter, d, then, when
the same size NaCl particle was treated with the fatty
alcohol, it took between three and three and one-half
times as long to reach the same diameter d.
When single water drops were exposed to fatty alcohols, it caused the drop evaporation to slow down. Dr.
Bakhanova said no work is being done to try to use this
technique to prolong the life of a fog.
Dr. Muchnik discussed the work in progress in the
Laboratory of Radar Meteorology. A digital computer
system has been built to calculate rainfall from measurements of average backscattered power in incremental
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areas 10 by 10 km. This scheme has also been tried in
the case of snow on four occasions. Dr. Muchnik was
pleased to report that they found the same results as
were obtained by Dr. Pauline Austin.
Backscattered radar power was used to calculate the
precipitation and to compare it with the precipitation
falling on the dense network of rain gages. Over an
area of about 400 km , the gage density was one to two
gages per square kilometer. As already noted, these rain
gages normally give the quantity accumulated in 12
hours. Dr. Muchnik concluded that a well-calibrated
radar set yields overall precipitation with the accuracy
that one would obtain if there were one rain gage to
every 300 to 400 km . He noted that another value of
radar is that it shows the mesostructure of the rainfall.
The radar set was not used to measure precipitation
on the seeded and not seeded days and hence, was not
used in this way to evaluate the effects of the cloud seeding experiments.
2

2

Main Geophysical Observatory, Leningrad

The Main Geophysical Observatory (GGO) is the oldest
institution of its kind in the USSR. It was founded in
1849 and until 70 years ago, it was the only institute in
the Soviet Union which was concerned with the problems of meteorology. The programs now under way
cover a wide spectrum of subjects: dynamic meteorology; climatology; physical meteorology, particularly
radiation, optics, atmospheric electricity, clouds and
precipitation physics, weather modification and chemistry of the atmosphere; and the development of meteorological instruments and techniques of observation.
The Main Geophysical Observatory is the leading
institution in climatology in the Soviet Union and the
director of the Observatory, Prof. M. I. Budyko is one of
the foremost climatologists in the world. N. P. Rusin, a
deputy director, outlined the overall programs of the
Observatory.
Investigations in atmospheric physics at GGO are distributed through five departments. N. S. Shishkin heads
the Department of Cloud and Atmospheric Physics. He
has been a very active scientist in this field for many
years. The Department of Atmospheric Electricity is
under the direction of N. V. Kolobkov. The Department
of Diffusion and Air Pollution is under the direction of
M. E. Berliand, and has as one of its important scientists, E. S. Selezneva who has done a great deal of work
on the chemistry of precipitation and atmospheric particulates. The Department of Actinometry and Ozone
is under the direction of Dr. Rusin. K. Ya. Kondratiev,
who is the rector of Leningrad State University and a
well known specialist in radiation, also takes part in
the work of the Main Geophysical Observatory. Finally
the Department of Physics of the Boundary Layer is
under the direction of Dr. Dubev. Most of the time
spent at GGO was devoted to discussion of the work of
the Department of Cloud and Atmospheric Physics.
Professor Shishkin stated that his department has a
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total of 40 workers. Among them are such well-known
names as V. Ya. Nikandrov, who is the deputy director
of the GGO, A. P. Chuvayev who has done considerable
work on the modification of convective clouds, and I. M.
Imianitov, T. N. Gromova and E. M. Salman.
Shishkin's particular interest is in theoretical and experimental work on clouds and precipitation. In the late
40's and early 50's most of the field studies were done
on mountains, but during the last 10 to 15 years, extensive use has been made of so-called "flying laboratories."
Scientists at the GGO are seeking new cloud seeding
reagents and seeding methods. In the past they have
studied the properties of silver iodide and lead iodide
and have sought other chemical reagents which would
be effective ice nuclei. Over the last few years they have
been investigating the properties of copper sulfide
(CuS). It is in plentiful supply and is not toxic. Dr.
Shishkin appears to be convinced that CuS particles are
effective ice nuclei.
Laboratory tests of the efficacy of CuS are being carried out in a cloud chamber having a capacity of about
300 cm and capable of being cooled, by means of a
compressor, to a temperature of —20C. It has been
concluded that CuS particles act as sublimation nuclei
rather than freezing nuclei. The particles range in
diameter from 0.1 to 1.0 micron. They are blown into
the cold box in powdered form and collections are made
of the ice crystals which form. It was stated that the
purer the chemical, the greater the number of nuclei
and the greater number of ice crystals per gram at any
particular temperature. The data revealed that the CuS
which was available in 1967 produced fewer ice crystals
than the CuS which was used in 1966. The tests in
1968 show ice crystal concentrations almost an order of
magnitude higher than those in 1967. See Table 3.
Copper sulfide particles were used to seed supercooled
stratified clouds as well as thick convective clouds. About
100 experiments were performed. It was reported that at
a temperature of —10C, CuS was as effective as silver
iodide and lead iodide, but that at higher temperatures
CuS was more effective. At present, scientists at GGO
prefer to use lead iodide in the anti-hail rockets being
used in the southern part of the country, but they are
investigating CuS for future use.
Scientists at GGO are interested in the artificial modification of precipitation amounts. They have been involved in experiments in the Ukraine and in Central
Asia. Incidentally, the GGO has also taken part in the
work on hail prevention in the Alazani Valley. Dr. Shishkin played an important part on the development of the
hail forecasting methods used in the Caucasus regions of
the USSR. They involve a modification of the slice
method. In connection with the cloud seeding experiments in the area of Tbilisi, GGO people have made
calculations of the optimum amounts of seeding reagents
needed for rainfall regulation. At the present time they
are engaged in seeding thick cumulus clouds in an attempt to produce rainfall increases and hence, reduce
3

3. Approximate concentrations of ice crystals per gram of
CuS as a function of temperature and year of the tests.

TABLE

Year

1966
1967
1968

Temperature
-IOC

— 5C

6 X 10
4 X 10
2 X 10

10
10
11

4 X 10
1 X 10
1 X 10

11
11
12

the frequency of forest fires. Shishkin mentioned that
they are not yet close to the solution of the problem of
rainfall modification. He feels that more needs to be
learned in the modeling of clouds.
In response to a question, Dr. Shishkin stated that
his group is not working on the modification of cloudto-ground lightning.
Dr. Shishkin mentioned that scientists in his department have worked on the seeding of warm clouds. They
have treated them with a mixture of sodium chloride
and powdered cement. It was stated that rain can be
produced when the cloud thickness exceeds 2.5 km.
The diameter of the salt particles is 5 to 7 It is
not clear what role the cement plays, but it may be to
reduce the amount of clumping of the sodium chloride.
It was reported that following the dispersion of the mixture of sodium chloride and cement, a downdraft was
formed and the rain washed out of the cloud. Clouds
which were narrow and had a thickness of 5 to 6 km,
dissipated within 5 to 6 minutes. On the other hand,
certain clouds after being seeded did not dissipate.
It was suggested that they failed to dissipate because the
fallout of the rainwater increased the buoyancy of the
clouds and they grew to greater altitudes.
The laboratories at the Main Geophysical Observatory contain various types of apparatus. In addition to
the two small cloud chambers having a capacity of 300
cm , there is a larger chamber having a volume of about
110 m . It is about 9 m high and 4 m in diameter. Its
temperature can vary from +30C to —25C. Freon 12 is
circulated around the walls of the chamber to regulate
the temperature. Clouds can be produced in the chamber by means of steam nozzles. The optical density
of the cloud and the water content can be measured.
An electron microscope, modified to give a magnification up to 90,000 times was being used to study the
properties of ice nuclei and of ice crystal replicas.
Reagents which might be used for cloud seeding have
been studied here. Some of the substances which have
been examined are the following: Agl, Pbl, Bil, BI,
and CuS.
A Minsk M-220A solid-state computer is used at GGO
for carrying out various types of calculations.
Voyekovo Field Station of the GGO. Radar meteorological work at the Main Geophysical Observatory is
conducted at the Voyekovo Field Station and is under
the direction of E. M. Salman. This group has a staff
3

3
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of some 25 specialists. The goals of the laboratory are
the following: 1) the development of special techniques
for radar observation; 2) development of methods of
objective analysis of radar data, such as the use of
numerical methods of data analysis and the development of techniques for measuring the heights of the
echoes and radar reflectivity; 3) the development of
methods for processing radar measurements, for their
analysis and for the representation of the data; and
4) the development of techniques for the diagnosis and
the prognosis of weather on a synoptic scale.
The chief radar set employed by the Hydrometeorological Service in the U.S.S.R. is the MRL-1. See
Table 4. A second radar, a simplified version of the
MRL-1, called the MRL-2 also is in use. It employs one
wavelength, 3.2 cm and has an antenna which is 3 m
in diameter.
Characteristics of M R L - 1 weather radar set.

TABLE 4.

Wavelengths—cm
Peak transmitted power—kw
Sensitivity—dbm
Pulse length—10~ sec
P. R. F.—sec"
Beam width—deg.
16

1

Scopes
Elevation angle scan
Azimuth angle scan

3.2
210
-98
0.8, 1.0, 210
1125, 600, 300
0.8

0.86
65
-85
0.5
600
0.2

A, PPI, RHI
—1° to 100°; scan rates
1.25 and 0.3 min"
0° to 360°, scan rates
6 and 1 min
1

-1

The Hydrometeorological Service does not have any
weather radar sets operating either at 10 cm or at 5 cm.
Dr. Salman feels that attenuation is not a critical factor
although it is important in certain thunderstorm situations. Soviet radar specialists are more concerned
with detection of weather phenomena than they are with
attenuation. It should be recalled that in the hail suppression operations being conducted in the southern
part of the country, 10-cm radars are being employed.
A system has been designed for the automatic handling of radar data. It is similar in many respects to
the Storm Radar Data Processor (STRADAP) described
by David Atlas in 1963. Echo intensity information is
obtained at 5 altitudes and expressed in terms of northsouth and east-west coordinates. This yields information
similar to that obtained by the scheme developed at
McGill University to produce a constant altitude planposition indication (CAPPI). Average echo intensity is
read off in incremental areas, either 30 by 30 km or 10
by 10 km. The tabulated data are in the form of four
digits giving coordinates, one digit giving the maximum
height of the echo, and five digits, each one giving
the echo intensity at each of five levels. This quantity
is actually log Z, the logarithm of the radar reflectivity
factor. About 4 minutes are required to obtain one
set of data. A model of a device for doing this on an

operational basis is now being tested. Having tabulated
such information as the maximum echo height and the
echo intensities at five altitudes as a function of x and
y coordinates, the information can be fed to an automatic plotter which produces maps showing the distribution of maximum echo heights and of echo intensity.
The data also can be supplied to a computer which may
calculate rainfall intensities and interpret the observations in terms of cloud and weather systems.
Satellite cloud observations are obtained from one
of the American weather satellites having Automatic
Picture Transmission capability. A scheme has been devised for combining satellite cloud information with the
data from several weather radar sets. By noting the echo
intensity and the height of the echo tops, estimates are
made of the presence of violent weather and this also is
indicated on the maps. The time required for combining
the satellite data with radar observations from several
stations requires approximately 15 minutes. Dr. Salman
stated they hoped to get the automatic recording system
in operation next year in Byelorussia.
Work is in progress to develop objective means of
analyzing radar data. Work is in progress to use observable radar characteristics such as the following ones
to specify the type of weather conditions: thickness of
the radar echo, the vertical distribution of echo and
the vertical profile of radar reflectivity. Dr. Salman indicated they have had success in using radar characteristics to identify such cloud types as the following:
cumulonimbus with thunderstorms, cumulonimbus with
showers, nimostratus and altostratus, stratus, and others.
A second type of study involves the use of radar
data to identify entire cloud systems. In these cases,
examinations are made of the following features of the
echoes on PPI scopes: the echo pattern, the degree of
inhomogeneity in the vertical extent of the clouds, and
the degree of inhomogeneity of echo intensity at different altitudes.
A scheme has been devised for using radar data to
identify hailstorms. The following three parameters are
employed for this purpose: the maximum height of the
echo, the maximum radar reflectivity and the radar
reflectivity at a level 2 km above the level of maximum
radar reflectivity. These three quantities can be obtained by means of the automatic data handling equipment which was discussed earlier. They are combined
in an equation yielding the likelihood of hail. It was
claimed that the system gives accurate indications of
the weather 83 to 85% of the time and they are working to improve it.
Dr. Salman's group employs 3 parameters for discriminating whether hail is or is not present rather than
the greater number used by Dr. Kartsivadze's people in
Georgia (8 parameters) or Dr. Gaivoronskii's staff in
Moldavia (6 parameters). Dr. Salman indicated that his
group wants to develop a practical technique which
employs the data tabulated by the automatic data handling equipment. It was stated that when the maximum
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radar range of observations is 300 km, incremental
areas are taken to be 30 by 30 km but when the
maximum range is 100 km the areas are taken as 10 by
10 km.
A third major task of the radar group is to try to establish a relationship between radar echo characteristics
and the mesoscale properties of the atmosphere. By
examining such factors as the echo intensity and the
vertical distribution of echoes they have arrived at a
relationship between the properties of the radar echoes
and the stability of the atmosphere. They also make estimates of the intensity of weather phenomena as a
function of the intensity of radar echoes. It was stated
that they have classified characteristics of echoes for
various cloud systems. Dr. Salman mentioned that their
system is used in practice at various stations, specifically at airports in Moscow and Leningrad. Every
hour, maps are made of the radar echoes and dangerous
weather is indicated on them. These maps are sent by
facsimile to weather stations around the country. At
present these maps are made manually and require 30
minutes. Once the automatic techniques are in operation, they will require 8 to 10 minutes.
I. M. Imianitov discussed his research on cloud electrification. He has employed aircraft with four field
mills for measuring electric field strength. It also is
equipped to measure electrical conductivity. Observations were made in many types of clouds: nimbostratus, altostratus, stratocumulus, cumulus congestus
and cumulonimbus. Dr. Imianitov indicated that in
a cumulonimbus cloud, there is an efficient means for
discharging the cloud. He believes that conductivity is
higher than most people have supposed and that the
drafts in the cloud provide efficient convective currents.
For these reasons, he thinks that the addition of metal
needles may not have much effect on the lightning behavior in the thunderstorms and therefore, that this
scheme for modification of the electrical properties of
thunderstorms might not be effective.
Dr. Imianitov found that the electrical properties of
clouds are closely correlated with the other properties of
the clouds. He stated that there is a close correlation between the electric field strength, the liquid water
content and the updraft strengths.
He believes that it will be difficult to get world-wide
lightning information by means of satellites. It would be
easier to get such information by means of lightning
counters and sferic receivers on the Earth. In the USSR
large numbers of lightning counters developed by Dr.
Kolobkov are in use. In response to a question as to the
number of such counters in operation, Dr. Imianitov
said as a rough guess that there were about a hundred.
Leningrad State University

The rector, K. Ya. Kondratiev was out of the country
and most of the other senior faculty members were
away when the Delegation visited Leningrad State University. The Vice-Rector discussed the organization of

the university and a graduate student showed us through
the department where atmospheric physics research is in
progress. The work here centers on radiation transfer,
satellite meteorology and planetary meteorology. Apparently there is no work on cloud physics or weather modification going on at the present time at Leningrad
State University. B. V. Kiriukhin who was doing such
work at this university in 1964 has retired and the work
was discontinued.
Summary

During the past five years there seems, to the author, to
have been relatively little growth in the scientific studies
concerned with weather modification. The programs
dealing with theoretical, laboratory and field research
devoted principally to learning about the natural mechanisms of clouds and precipitation have not grown at
the rapid rate experienced during the period 1958 to
1964.
On the other hand, there has been a striking expansion, since 1964, in projects devoted to the practical
application of hail-suppression techniques. The area
being seeded for the purpose of reducing the fall of
damaging hail has increased over a five year span from
about 200,000 acres to about 6,000,000 acres. For reasons
discussed in some detail in the body of this report,
the author is inclined to believe that the techniques
of inserting ice nuclei directly into the supercooled parts
of developing hail storms in the manner done in the
Soviet Union were effective in reducing the fall of
damaging hail. The author still is not prepared to
conclude that it has proven beyond doubt that this
system works; nevertheless, it certainly is very evident
that these techniques must be tried independently in
this country.
It is interesting to note that the hail suppression
programs of Dr. Sulakvalidze, at the High Altitude Geophysical Institute and of Dr. Kartzivadze in the Georgian
Academy of Sciences have grown so large that strong
competitive pressures are developing. Both programs
have claimed great success and both have grown very
rapidly. The directors of both programs would like them
to continue growing. The Main Administration of the
Hydrometeorological Service in Moscow is being forced
to choose between the two programs. The chief difference between the operations is that one injects the ice
nuclei by means of artillery while the other does it
by means of rockets.
The practice of dispersion of supercooled fog by
means of Dry Ice seeding has been reported to be on a
practical basis in the Soviet Union for many years and
continues to be this way. At various airports, the Soviets
employ equipment for producing carbon dioxide particles from liquid carbon dioxide and blowing the ice
crystals into the cloud from the ground. There is still
considerable work going on in the Soviet Union on the
development of engineering data for use in the programs
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involving dissipation of supercooled cloud and fog. See
Appendix I.
It appears that relatively little effort is being devoted
to the development of techniques for increasing precipitation. This is somewhat surprising in view of the worldwide need for greater supplies of fresh water. The body
of the report discusses work on rainfall stimulation
which has been in progress for many years in the
Ukraine. The position of the Hydrometeorological Service appears to be that presently available ice nuclei
seeding techniques can increase precipitation from particular types of cloud systems by about 10% but that this
quantity of increase is not adequate to make it economically feasible. There are various other rainfall stimulation projects being conducted in the Soviet Union
but we heard very little about them. It is surprising
to be told that in the major hail-suppression projects
being carried out on both sides of the Caucasus Mountains, no analyses have been made to establish if the
seeding activities have affected rainfall.
There is apparently very little, if any, research going
on to modify the electrical properties of clouds. It was
stated that certain experiments on rainfall stimulation
for the purpose of extinguishing lightning-caused fires
were in progress, but that no work was being done in an
attempt to influence the occurrence of cloud-to-ground
lightning.
Although Academician Federov stated that one of the
major problems facing Soviet scientists concerned with
cloud physics, is to experiment with large cloud systems,
we were not informed of any work now in progress
involving the attempts to modify synoptic-scale weather.
Academician Federov stated that he regarded the
subject of climate modification as a very important one,
but we were told nothing about the work going on
in this area. At the Arctic and Antarctic Institute, we
raised questions about this subject. The attitude of
the scientists was that a great deal still must be learned
about the Arctic before making claims about climatic
changes. When questions about such schemes as the
one often heard which involves damming the Bering
Straits, the director of the Institute indicated that he
thought ideas such as that one have no merit.
Soviet scientists continue to search for new substances
which can serve as ice nuclei. The rainfall stimulation
work in the Ukraine uses C 0 exclusively. Dry ice is also
used to clear supercooled fogs over airports. Lead iodide
and to a smaller extent silver iodide, are used in the
hail suppression work in the southwestern part of the
USSR. At the present time, serious study is being given
to copper sulfide and as noted earlier, it is a highly
regarded substance. Scientists at several institutions indicated that the number of nuclei per gram produced
with pure CuS is sufficiently high that they anticipate
using it in practice in the near future.
Another cloud seeding substance which was prominently mentioned is finely ground cement. This material
is somewhat of a mystery. It is not at all clear how it
2

works, why it works or even if it works. Nevertheless,
various institutes in the Soviet Union are testing its
efficacy in the laboratory and in the field.
There is considerable concern among some Soviet
scientists about the use of lead iodide as a seeding
agent. The view was expressed that if seeding is carried
out over a relatively small area for a long period of
time the accumulated lead could have serious toxic
effects.
Little research is in progress in the Soviet Union on
techniques for the modification of warm clouds and
fog.
The radar equipment used in meteorology has not
changed much since 1964. The experts at the Main
Geophysical Observatory are working to automate data
handling and to develop objective techniques to use
radar data to identify cloud and weather conditions. At
the High Altitude Geophysical Institute, radar equipment is being modified to facilitate the collection of
radar observations of hail producing storms. It is surprising that the Hydrometeorological Service has not
shown a greater interest in 5- or 10-cm radar sets.
On the basis of scientific reports, it appears that outstanding research in cloud physics and radar meteorology in the Soviet Union is being done at the
Central Aerological Observatory. It is most unfortunate
that it was not included in the itinerary.
In summary the general reaction of the author is that
practical projects on hail suppression in the Soviet
Union are quite impressive but that in the five-year
period since 1964, the overall program on weather modification has not increased very much.
APPENDIX I
Airport weather modification operations 5

Weather modification operational activities in the Soviet
Union supposedly started with the routine clearing of
winter clouds over airports some ten years ago. Now
some 15 of the largest and most active air fields in the
Soviet Union are equipped for routine weather modification operations. The U. S. Delegation visited Vnukovo
Airport, one of the five satellite fields surrounding
Moscow to learn about the program.
Most of the airport seeding in the Soviet Union is
done from low flying, moderate-speed aircraft (300
km/hr). Weather modification success was indicated with
supercooled clouds (—3 to —25C) providing the cloud
was not over 700 m thick. Dry ice is used which is
ground particles 0.3-1.0 cm. The seeding rate is 1.5
kg/min. With an average wind speed of 6 m sec" , 3 to
3.5 km is allowed between successive runs of the seeding
aircraft upwind from the airport. Seeding is done at
1

5 This appendix was prepared by Delegation member Fred
D. White, Head of the Atmospheric Sciences Section, National Science Foundation, Washington, D. C. 20550.
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cloud top. Allowance is made for thickness of cloud,
height of cloud above the ground, wind speed, etc., in
setting the rate of seeding and path separation on any
particular operation.
T h e ZHKU-2-TSAD ground equipment for clearing
fog which was described earlier in this report was
demonstrated. T h e vertically pointed, impulse type,
liquid C 0 dispenser is mounted on a trailer and
towed either u p and down the airport runways or along
neighboring roads upwind of the airport. If the surface
wind is greater than 2 m sec" , two dispensing units are
2

1

used. This equipment is used sometimes to raise the
fog sufficiently to allow the seeding aircraft to take off.
As far as could be learned, no operational techniques
have been developed for clearing warm fog.
It was interesting to learn that in recent years the
cost of airport seeding operations have been transferred
from the Hydrometeorological Services to the Airport
Manager. As a result, the number of operational days
have decreased in recent years, because the airport
manager only requests services when it is absolutely
necessary.

correspondence
Support for the use of short films
in meteorological education

Daniel L. Smith, The Florida State University,

Tallahassee, and Guenter Schwarz, CRICISAM,
Tallahassee, Fla.

We would like to add our support to the comments of Dr.
Owen Thompson on the use of short films in meteorological
education (BULLETIN, 50, No. 9, 7 1 9 - 7 2 2 ) . Short, silent films
produced by means such as time-lapse radar, cloud, or satellite photography, or single-concept, short, sound films produced commercially have long been used by the Department
of Meteorology at The Florida State University. Such films
have been found to be very helpful in advanced as well as
introductory courses.
Like Dr. Thompson, we would like to see wider distribution of information concerning such films. That is, What
films are available, where, and for how much? During the
past year this Department, in cooperation with CRICISAM
(Center for Research in College Instruction of Science and
Mathematics), has produced several single-concept, Super
8-mm film loops for use in introductory meteorology courses.
These films have covered such topics as formation and passage of an extratropical cyclone, tropical cyclones, weather

instruments, and Coriolis acceleration. We have found that
even crude animation techniques are well suited to the illustration of these concepts. In Dr. Thompson's words, such
films, . . have a certain amount of aesthetic appeal unlike anything which has ever been drawn on a chalk board."
Neither the time nor the cost involved in the production of
such films have been found to be prohibitive, depending
basically on the degree of "professionalism" desired in the
animation. We are sure others must have realized, as we
have, that the field of meteorology presents a limitless source
of subjects for such films. We would, of course, be pleased
to offer to anyone interested further information concerning the films we have so far produced.
Our experience has shown that in developing more advance film techniques, such as filming originally in 16 mm
and producing finally an 8-mm film loop, a single print does
become rather expensive. Should others care to make use
of such films, it would benefit all concerned if some means
existed whereby the existence of such films could be made
known. The number of subsequent copies of a film reduces
the individual cost, and, in addition, this might serve as a
means of eliminating redundancy among film makers. We
wholeheartedly support all six of Dr. Thompson's propositions as a means whereby the American Meteorological Society can play a significant role in bringing this about.
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U.S. WEATHER SERVICES
CENTENNIAL 1870 • 1970
Joint Celebration with
American Meteorological Society's 50th Anniversary
These agencies of Government and professional societies which
during the past century have been or are sharing in the weather
services to the nation.
AMERICAN GEOPHYSICAL UNION
AMERICAN INSTITUTE OF AERONAUTICS
AND ASTRONAUTICS

DEPARTMENT OF DEFENSE,
AIR FORCE, ARMY AND NAVY
DEPARTMENT OF INTERIOR

AMERICAN METEOROLOGICAL SOCIETY

DEPARTMENT OF TRANSPORTATION

ATOMIC ENERGY COMMISSION

NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION

DEPARTMENT OF AGRICULTURE

NATIONAL SCIENCE FOUNDATION

DEPARTMENT OF COMMERCE
DEPARTMENT OF HEALTH, EDUCATION
AND WELFARE

THE SMITHSONIAN INSTITUTION

PROPOSED CENTENNIAL ACTIVITIES
• International Symposium featuring papers by distinguished
scientists (February 12-14,
1970)
• Historical exhibit at Smithsonian Institution
• Festive National Banquet (February 13, 1970)

Commemorative postage
stamp
Presidential, Congressional,
and Gubernatorial Recognition
Commemorative Medal

The extent of the centennial celebration will depend on
your contributions as public funds are not available to
promote many of the proposed centennial activities. The
performance and accomplishments of the weather service
agencies merit your support. Any funds in excess of those
needed for the centennial activities will be used by AMS
in furtherance of its educational and scientific activities.
Your contribution is tax deductible.
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• Historical film brochures, information kits and releases
• Newspaper, magazine, radio,
and television coverage
• Emphasis and celebrations at
local level throughout the
Nation

Checks should be made payable to AMS-Weather
Services
Centennial Fund and sent to The Centennial Fund, American Meteorological Society, 45 Beacon St., Boston, Mass.
02108. The AMS is an I.R.S. 501 (c) 3 , non-profit organization. A covering letter should specify that the contribution is made to support the arrangements and celebrations connected with the observance in 1970 of the U.S.
Weather Services Centennial.
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