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Abstract. In Serbia (Yugoslavia) hail suppression programs have been
operated continuously for the past twenty two years. Important details
of how silver iodide stimulates freezing remain largely unknown. As-
suming that seeding increases the concentration of the ice particles
by a given factor, changes in the radar parameters of clouds can be
expected. Two-minute radar parameter changes are considered. The
differences between no seed and seed cases are analysed. During the
seeding periods of cloud life a more rapid change in clouds parameters
is clearly noted.

i. INTRODUCTION
In Yugoslavia operational nonrando-

mized hail suppression has been conducted
since 1967. The most important activity is
that in Serbia where the hail suppression
system covers about four million hectares
of agricultural surface. This is one of
the largest areas in the world protected
by such a system. Although this hail sup-
pression project is considered operational,
many of the activities have a pure research
component (duri~, 1981 and 1985; Radinovi~,
1972).

An important aspect of the total hail
suppression activity is the.col]ection of
data required for a further analysis. Two
basically different types of data are
collected: radar data and data collected
at the rocket firing stations (substations
manned by trained volunteer observers).
These observers report days when hail oc-
curred at their station, hail duration,
intensity and hailstones size (ranged in
nine classes).

The evaluation of hail control effici-
ency in Serbia has been based on two
sources of data which have been obtained
independently of the hail control system
(Radinovid, 1989). These are: I) The size
of the hail-swept agriculture area and
percentage of the damaged crops; 2) Fre-
quency of hail occurrences observed at the
regular network of meteorological stations.
Several statistical tests have been
applied to above-mentioned data and they
suggest that hailfall in the protected
area is reduced by about 70%).

This paper presents an analysis of
radar data from a operational hail project
in Serbia designed to provide economical
benefits. The possibilities that cloud
seeding is associated with changes in the
cloud top height, height of maximum radar
reflectivity and temporal changes in radar
reflectivity are investigated with the aid
of simple techniques.

2. PROJECT DESIGN
The operational nonrandomised hail
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suppression project in Serbia is carried
out by the regional Hydrometeorological
Service. All protected areas are orga-
nized in so called hail suppression poli-
gons. Each poligon has a radius of
approximatly 30 km. The program is designed
to operate 24 hours per day during the
summer months (15th April to 15th October).
All hailstorms drifting over the poligon
are monitored by S band (I0 cm wave length)
radar located at the center of the poligon.

When a cloud meets specific criteria
based on radar reflectivity, the signifi-
cant temperatures and the ratio of the
depth of cold and warm part of cloud,
(~urid, 1981) the cloud is seeded. The
seeding is conducted, from ground based
rocket stations separated by about 5 km.
Each m3 of the seeded cloud volume is
required to contain 105-106 artificial ice
nuclei.

3. DESCRIPTION OF DATA
A large amount of ground measurements

and observations, standard meteorological
informations and radar data are collecting
during the operational project. Most of
the data are available on magnetic tape in
the computer center of the Hydrometeoro-
logical Service of Serbia. Other data are
stored in the annual reports, titled "The
Hailstorm Data Series".

For every considered cell tracked and
monitored by means of radar we have a
large amount of data such as: an indication
of cell motion its azimuth and distance,
radar echo top heights, the heights of the
maximum reflectivity zone, and changes in
maximum reflectivity. The radars are ope-
rated day and night, and all data are
collected each two or three minutes. Other
operational data are also collected such
as the number and type of rockets fired
into each cloud.

4. METHOD OF EVALUATION
Radar records the integrated effects

of all individual quantities such as
reflectivity by rain drops, cloud droplets,
ice particles, hailstones, snowflakes, and



regions of large index of reflectivity.
Assuming that seeding increases the con-
centration of the ice particles in the
cloud by a given factor suggests imply the
questions, what does this do to the various
radar parameters? Absence of a fully
satisfactory theory allow us to say that
wide range of possible effects may be
expected. Some of these include changes
in cloud microphysics (glaciation), changes
of cloud dynamics such as i:~tensification
of the updraft, shortening or lengthening
of life time of cell, etc. (Foote et al.,
1979; Federer and Waldvogel, 1978).

Because of the complexity of the pos-
sible effects we have turned to some
quantitative parameters for assistance.
Radar parameter of 90 hail cells have been
investigated. Those cells with seeded (Ts)
and nonseeded (Tns) duration periods of 
minutes are selected. Obviously, longer
lasting cells are considered. Within seeded
periods may be some unseeded subperiods,
if their durations are shorter Than 5
minutes. If unseeded periods follow a
seeded period, the intermediate period,
Ti, is taken into consideration (see fig.l).
This period is taken to be I0 minutes. In
general, the total unseeded period for one
cell is the sum of preseeded and postseeded
periods, as it is indicated in fig.l.
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Fig. 1 Time plot of -~adar cloud height (Ht), maximum
radar re~’lectivity (Z) and height of me~imum
radar reflectivity (Hm). The horizontal lines
show the levels of several temperatures o~"
the 30 May 1987.

Fine-timescale ~ada~ observations
a/low us to obtain quite 9ood temporal
evolution of &a~a. Between two successive
measurements the linea~ chanMe of ~a~a is
assume~ ~fi9.2} .

The followinq expression is used fo~
calculation of the coefficient k as a
measure of the chan9e tendency fo~ ~he
considered ~a&a~ pa~amete~ y

2
1 ~Y/+l - Yi)

where is i the ti~e interval, ~ the mean
values of the conside~e& nada~ pa~a~ete~
ove~ the all time period (in ou~ case this
pe~io~ ks ~ ~inutes~. Since we conside~ a
time interval of 2 ~inu~es fo~ one cell,
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Fig.2 Shematic representation of the temporal

change of radar parameter Y.

15 values of coefficient k are calculated
for the seeded and 15 values for the unse-
eded period. This coefficient is considered
as a predictor for the previously mentioned
radar parameters.

5. DESCRIPTIONS OF THE PREDICTORS
The purpose of this section is to

find one quantity that predicts the
behavior or considered radar parameters in
seeded and unseeded periods for all 90
cells° The difference between these quan-
tities must have information about mean
seeding effects on clouds. The frequency
distribution of the considered radar
parameters for all cells as a function of
coefficient k is analysed.

a) The Height of the Maximum Reflectivity
The frequency of the coefficient for

heights of maximum reflectivity, taking
all cells together, is shown in Fig.3. The
distribution indicates that in the largest
number of cases the coefficient k is
located between 0.01 to 0.5. The logarith-
mic scale for k is taken due to the ~Tide
rance variability of k.
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Fig.3 Frequences o~:’ co~.f’~’icient for the
reflectivity height as f~nction of io9
for all cells during seeded (dashed
and unseeded period~.;~ cloud li{’e..

For the seeded period (dashed line)
there is a clearly expressed increase in
frequency of occurrence of higher values
of coefficient k (values of log kHm
between 0 - 0.7). This increase may be
induced by latent heat released during
the formation of new ice particles in
cloud. It is interesting to note that suc~
difference in frequences for seeded and



unseeded periods is in accordance with the
embryo competition theory. However, in the
absence of a fully satisfactory theory
this may be considered only as one indi-
cator of seeding effects.

b) The Cloud Top Height
Seeding of convective clouds can

modify cloud top height through micro-
physical and dynamical effects. This in-
crease in cloud height is induced by arti-
ficial glaciation of supercooled cloud
water as noted by many authors (Federer et
al., 1985; Dennis et al., 1975; e.t.c.).

In Fig.4 the frequency of kHt for
cloud top heights is shown. The behavior
of this distribution is the same as the
coefficient of the maximum reflectivity.
The main features which emerge from this
curves behavior is the increase of frequen-
cies for higher values of kHt (values of
log kHt between 0.2-0.7) for seeded period.
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Fig.4 The same as ~g.3 but ~r cloud top height.

c) The Maximum Radar Reflectivity
The frequency of the coefficient for

maximum radar reflectivity is shown in
fig.5. These curves have similar behavior
as those for two previously analysed radar
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Fig.5 The so~ as ~.3 but ~r mo~imum radar
reflectivity Z.

parameters. The maximum frequencies are
moved toward the higher values of kZ

(values of log z between 0 .3-0.7). I t i
apparent for the seeded cases there is a
smaller increase of frequencies with
higher values of kz than for other radar
parameters.

6.CONCLUSION
It is interesting to note that the

effects presented here may only be con-
sidered as one indicator of the seeding.
The data strongly suggest that seeding
has a clearly expressed influence on fre-
quency distribution change. The increase
in number of cases with higher values of
coefficient k is remarkable. This indi-
cator of hail suppression efficiency can
be identified within the characteristics
of Cb clouds during the seeding and non-
seeding period of cloud life. Although no
current hail suppression hypothesis exists
that involves an increase or a decrease in
the short-term variability of storm
characteristics, the data presented here
suggest that it exists in a large number
of considered cloud cells.

Acknowledgements
This reseach was financially suppor-

ted by the Republic Hydrometeorological
Service of Serbia. The author gratefully
acknowledge the assistance given by
Lj.Radoja for typing the manuscript and
S.Nikovi~ for drafting figures.

REFERENCES

durid,M., 1981: An indicator of precipi-
tation enhancement due to cloud seed-
ing aimed at reducing hail. J.Wea.Mod.
13, 218-222.

du[i~,M., 1985: Inadvertent augmentation
of precipitation due to the hail
suppression. WMO/WMP, No.2, 587-591.

Dennis, A.S., et al., 1975: ~n~lysis of
radar observations of a randomized
cloud seeding experiment. J.Appl.Met.,
14, 897-908.

Federer, B., and A. Waldvogel, 1978: Time
resolved hailstone analysis and radar
structure of Swiss hailstorms. Quart.
J.Roy.Met. Soc., 104, 69-90.

Federer, B., et al., 1985: Main results of
Grossversuch IV. J.Clim. Appl. Met.,
25, 917-957.

Foote, G.B., et al., 1979: Results of a
randomized hail suppression experi-
ment in Northeast Colorado, Part IV:
Analysis of radar data for seeding
effect and correlation with hailfall.
J.Appl. Met., 18, 1569-1582.

Radinovi~, Dj., 1972: Hail control, NTIS,
Springfield Va., 124 pp.

Radinovi~, Dj., 1989: Effectivenes of hail
control in Serbia. J.Wea.Mod., 21,
75-84.

81


