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Abstract

The influence of hail suppression by silver iodide seeding on the trend in the number of hail days (the hail trend] in
Vojvodina was studied in two cases; (1] from 1967 to 2002 when there was no hail suppression and (2] from 2003
to 2010 when hail suppression existed on the whole territary.

The hail trend in Vojvodina was calculated on the basis of all observed data from all synoptic and climatological
stations in the period 1967 to 2010. Previous two cases show that the hail trend was increasing when there was
hail suppression. Obtained results are not in accordance with the expectation that hail suppression decreases hail
in Vojvodina.

Key-words: hail, hail suppression, synaoptic stations, climatological stations, mean number of days with hail, hail

trend.

Introduction

In Yugoslavia, hail suppression by silver iodide
seeding is carried out according to the so-called
Soviet method (Sulakvelidze, 1967), which is test-
ed by Federer et al. (1986). The same name is used
in the work by Mesinger and Mesinger (1992), but
here the above mentioned method is partly modi-
fied (Radinovié, 1970 and Radinovié, 1972) for the
purpose of hail suppression by silver iodide seed-
ing in the eastern part of Yugoslavia. One of the
latest public texts with the description of hail
suppression method by silver iodide seeding that
is used in Vojvodina may be found in the work
by Gavrilov et al. (2010). Both the original Sovi-
et method and the modified Soviet method that
is applied in Vojvodina are based on a well known
seeding hypothesis: by seeding hail bearing cloud
with silver iodide crystallisation nuclei, the num-
ber of potential deposition cores is increasing,
since silver iodide also crystallises in a hexago-
nal grid like ice; thus, its small crystals will serve
as additional deposition cores around which mol-
ecules of (supercooled) water vapor will collect

while it is expected that ice crystals grow on addi-
tional cores as on natural cores, so that each hail
grain will grow less and melt as it falls down and
smaller sized hail and/or rain will fall instead of
larger hail.

This hypothesis and the method based on it are
applied in Vojvodina by the use of meteorologi-
cal radars and rockets. Radars identify hail clouds
and rockets are used for the injection and seeding
of silver iodide from the ground into the clouds.
Rockets reach the height of 6-8 km and each rock-
et contains 400 g of silver iodide (Vujovi¢ et al.,
2007). Since 2003, hail suppression has been car-
ried out using around 451 rocket-launching sta-
tions that are evenly distributed over the territory
of Vojvodina and from three radar centers, Fig-
ure 1. Each radar center is authorized for a certain
number of rocket-launching stations and by ra-
dio communication issues commands regarding
when, where and how many rockets to use for fir-
ing into hail-bearing clouds. Hail suppression is
operatively carried out six months a year, from 15
April to 15 October and has always been conduct-
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ed by the Republic Hydrometeorological Service
(RHMS) of Serbia, (http://www.hidmet.gov.rs/).
The method of hail suppression by silver iodide
seeding based on the use of rockets as described
here is also applied in Serbia without the Prov-
inces, other former Yugoslavia states, above all
in Croatia, Bosnia and Herzegovina and Mace-
donia, other Balkan states, as well as Russia and
the states formed out of USSR, China, etc. (Wier-
inga and Holleman, 2000).

The main goal of hail suppression is to de-
crease hail in order to decrease the damage
caused by it, primarily in agriculture (WMO,
2007). As we know, Vojvodina is a highly agri-
cultural area. 1t is important therefore to exam-
ine the impact of hail suppression on the hail in
Vojvodina, after 44 years of continuous opera-
tive experience in Serbia without the provinc-
es with hail suppression and after firing a total
of approximately 400,000 rockets (Vujovi¢ et al.,
2007) and spraying approximately 160,000 kg of
silver iodide. Other influences on the hail trend,
like its natural variability, weather and climate
changes of all kinds (e.g. Sokolovi¢ et al., 1984
and Duci¢ et al., 2008), were ignored in order to
simplify the research.
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Data

Data on hail in Vojvodina from 1967 to 2010 was
analyzed in order to ascertain the influence of hail
suppression on the trend in the number of hail
days (hail trend). Data was assessed on the num-
ber of days with hail (e.g. Gavrilov el al., 2010; Mes-
inger and Mesinger, 1992; Changnon and Chang-
non, 2000) observed on all synoptic stations and
all climatological stations (WMO, 1979), Figure 1.
The number of operating stations whose data was
used varied over the years. The largest number of
operating stations was 25 in 1990, and the mini-
mum number was 14 in 1993. The use of all me-
teorological stations that were operative enabled
the impartial assessment of hail data. The periods
before 1967 are not studied because before 1967
logical and spatial control of data were not made
in RHMS. Only the number of days with hail from
15 April to 15 October, 1967 to 2010, was analyzed.
The general quality and spatial coherence of ob-
served data had been controlled before their use.
From these data, the value was calculated for the
mean number of days with hail per station and per
a year. Finally, these values compose a time series
of hail that could still be statistically processed.
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Figure 1. Positions and names of the synoptic stations, climatological stations, and radar centers in Vojvodina
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Up until now, the work by Gavrilov et al (2010)
was the only research on the efficiency of hail sup-
pression in Serbia that used the same time series
on hail as this study. The lack of other kinds of
data on hail (such as the total number of hail-
stones, the distribution of hailstones per diam-
eter, the maximum diameter, the total mass or
hailstone kinetic energy, hailfall duration, etc.
(Morgan, 1988) that are usually observed in hail
suppression with the help of hail pads, radars and
similar stations, (e.g., Pocakal et al., 2009), is a
shortcoming of this research. But it could not be
overcome since there are no other reliable data on
hail in Vojvodina. Unfortunately, in Serbia (http://
www.hidmet.gov.rs/) different hail observations
have never been undertaken and documented nor
any special hail observation for the hail suppres-
sion needs and other purposes, as described in
works by Federer et al. (1986) and Dessens (1998).

The Method

Generally, WMO (2007) recommends the use
of statistical methods for processing of hail. In
a work by Pocakal and Stalec (2003) a statistical
method was used to analyse hail during two pe-
riods of differing hail suppression intensity. Also,
linear trend calculation is a frequently used meth-
od for the analysis of time series of atmospheric
variables, such as precipitation and temperature,
(e.g. Klein Tank and Koénnen, 2003; Djordjevi¢,
2008) and there are works where trend is used
for hail analysis (e.g. Changnon and Changnon,
2000; Xie et al., 2008).

Two statistical approaches were used to process
the hail trend in the same way as in the work by
Gavrilov et al. (2010). The first of them is to calcu-
late the tendency (trend) equation of hail by fitting
linear trend of mean number of days with hail per
station and per year for each of the periods. Ten-
dency equations (linear trend curve) were graph-
ically shown together with mean number of days
and with hail per year. Also, in each of the periods,
the mean number of operating stations with hail
was calculated.

In a second statistical approach, Mann-Ken-
dall tests were used (Gilbert, 1987) for analysing
the hail trend. These tests are widely used in en-
vironmental science, because they are simple, ro-
bust and can cope with missing values and values
below a detection limit. First, Kendall’s tau was
calculated, (Kendall, 1938) for the estimation of
trends in each of the time series. After that, two
hypotheses were tested:

(1) null hypothesis - there is no trend in the se-
ries; and

(2) alternative hypothesis - there is a trend in the
series,
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for a given significance level. Probability was cal-
culated to determine the level of confidence in the
hypothesis.

Since the aim of this research was to establish
the influence of hail suppression on the hail trend,
data processing was adapted to this requirement.
Trends of hail were processed in two periods, be-
fore and after the introduction of hail suppression
in Vojvodina. Here, the hail trend was compared
on the same territory in two different periods
with and without hail suppression which is a very
good test for the assessment of the efficiency of
hail suppression, (WMO, 2007).

Results

Two periods are considered in Vojvodina: 1967-
2002, when there was no hail suppression
(Gavrilov et al., 2010); and 2003-2010, when there
was hail suppression on the whole territory. As
noted, the time series of hail are defined in each
of the two periods. By applying two statistical ap-
proaches to each of the time series, two cases are
obtained

y =-0.017X + 1.275, (1)1,2,3

T=-0.27, p=2.2%

y=0.12Ix+ 0397, T=0.29, p=39.9% (2)1,2,3

where, here and in other places in the text, the
first term is the tendency linear (trend) equation,
y is mean number of days with hail in the territo-
ry, x is time in years, 7 is Kendall’s tau (takes val-
ues between -1 and +1), p is probability in percent-
age and significance level a=5% was the same in all
cases shown.

Figures 2 and 3 show the mean number of days
with hail per year (histograms) and linear trends
curve of hail (straight lines) in each of the two pe-
riods, on the basis of the average of 20.6 and 15.2
stations that were operative, in order.

Figure 2, as well as equation (1), and value (1),
show that the hail trend is negative. Testing the
hypotheses will prove whether this statement is
true. As the value (1); is lower than the signifi-
cance level (a=5%), one should reject the null hy-
pothesis, and accept the alternative hypothesis.
The risk to reject the null hypothesis while it is
true is lower than 2.2%. The statement that there
is a trend is correct with probability greater than
97.8%.

Figure 3 as well as equations (2), and value (2),
show that the hail trend is positive. As the value
(2), is greater than the significance level (a=5%),
one should accept the null hypothesis. The risk to
reject the null hypothesis while it is true is 39.9%.
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Figure 2. The mean number of days with hail per year and linear trend curve of hail from 1967 to 2002, when

there was no hail suppression in Vojvodina, [Gavrilov et al., 2010)
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Figure 3. The mean number of days with hail per year and linear trend curve of hail from 2003 to 2010, when
there was hail suppression in Vojvodina on the whole territory

In other words, if we consider that there is a trend,
it is correct with probability of 60.1%.

Conclusion

The goal of this work was to study whether hail
suppression program in Vojvodina carried out
from 2002 to 2010 had the expected statistical
influence on the hail trend, while all other influ-
ences were ignored. The hail trend was processed

with two statistical approaches: a calculation
of the linear hail trend equation and an applica-
tion of Mann-Kendall tests. For processing, all ob-
served data were used on the number of days with
hail on all synoptic and climatological stations
for the period 1967-2010. Data from the previous
period could not be used since they had not been
controlled, and there are no other hail data in Ser-
bia. Since the aim of this research was to ascer-
tain the influence of hail suppression on the hail
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trend, data processing was adjusted for this con-
dition. With reference to that, the hail trend was
studied in Vojvodina in two periods.

In the first period, from 1967 to 2002, when
there was no hail suppression and both statisti-
cal approaches indicate that the hail trend was de-
creasing. In the second period, from 2003-2010,
when hail suppression was carried out on the
whole territory, both statistical approaches indi-
cate that the hail trend was increasing. Hail sup-
pression brought about an increase of the hail
trend that had been decreasing in the previous
period.

Previous analyses show that the hail trend in-
creased when there was hail suppression. The
obtained results are not in accordance with the
expectation that hail suppression decreases hail
in Vojvodina, but rather hail suppression causes
an increase of hail. It seems that the question is
not whether hail suppression in Vojvodina, as in-
sufficiently scientific-based activities (Gavrilov,
2008), should be abolished, but how it should be
done?
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