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ABSTRACT

The results of the comparative analysis of distribution on the territory of Kakheti of the number days with the
hail per year according to the data of Hydrometeorological Department (8 stations - Akhmeta, Gurjaani,
Dedoplistskaro, Telavi, Lagodekhi, Sagarejo, Signagi, Kvareli; the registration of all days with the hail) and
the State Insurance Service of Georgia (123 locations, the registration of the days with hail fall, which led to
the damage of agricultural crops) are represented. Period of the study: 1982, 1984-1989 for State Insurance
Service data and 49-94 year(including 2016) for data of Hydrometeorological Department of Georgia. In
particular it is obtained that for the points Akhmeta, Gurjaani, Sagarejo, Signagi and Kvareli on the
meteorological stations the larger number of days with the hail was recorded, than by the State Insurance
Service in the same territories. For the points Dedoplistskaro, Telavi and Lagodekhi this difference is
insignificant. The detailed analysis of distribution on the territory of Kakheti of the number of days with hail
according to the data of both indicated organizations also is carried out.
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Introduction

Georgia is small mountain country with 15 climatic zones, on which territory from time to time proceed
geophysical catastrophes of different types (earthquakes, landslides, mudflows, avalanches, mountain
collapses, strong wind, rain, snow, hail, fogs, thunder-storms, extreme air temperatures, droughts, floods, sea
storms, etc.) [1-5]. With the this on the changeability of repetition and intensity of the majority of the types of
dangerous hydrometeorological phenomena (Including hail processes) essential influence render the processes
of urbanization [1,6,7], climate change [8-11], aerosol and gas pollution of the atmosphere [6,7,12-15].

Concerning hail damages, Georgia is one of the hail-dangerous countries of world [1,3,16-19].
Therefore, to the problem of hail in this country are dedicated numerous works, that covers the wide spectrum
of studies, beginning from the hail climatology [20-30] and long-term variations of hail processes [31-38],
ending with the methods and the results of action on the hail processes [39-42].

Material and methods

The data about the number of days with hail per year of the Hydrometeorological Department of Georgia
(8 stations - Akhmeta, Gurjaani, Dedoplistskaro, Telavi, Lagodekhi, Sagarejo, Signagi, Kvareli; the
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registration of all days with the hail) and State Insurance Service of Georgia (123 locations, the registration of
the days with hail fall, which led to the damage of agricultural crops) are used. Period of the study: 1982, 1984-
1989 for State Insurance Service (below — SIS) data and 1982, 1984-1989, 49-94 year for data of
Hydrometeorological Department of Georgia (below — HD).

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods [43]. The following designations will be used below: Min — minimal values, Max - maximal values,
Range - variational scope, St Dev - standard deviation, o — standard error, R - coefficient of linear correlation,
R2— coefficient of determination, o - the level of significance.

Results and discussion
Results in the Table 1 and Figures 1-11 are presented.

Table 1
The statistical characteristics of number of days with hail per year in Kakheti

Kakheti | Akhmeta | Gurjaani | Dedoplistskaro | Telavi | Lagodekhi | Sagarejo | Signagi | Kvareli
. Municipality - 1982, 1984-1989, Data of State Insurance Service of Georgia

Mean 0.64 0.55 0.83 0.52 1.07 0.34 0.46 0.43 0.57
Min 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14
Max 2.57 1.14 1.43 1.00 2.57 1.29 0.86 0.86 1.00
St Dev 0.45 0.34 0.39 0.25 0.65 0.30 0.20 0.20 0.26
Om 0.04 0.10 0.09 0.07 0.15 0.08 0.05 0.06 0.08
Count 123 12 21 14 21 15 16 13 11

Kakheti | Akhmeta | Gurjaani | Dedoplistskaro | Telavi | Lagodekhi | Sagarejo | Signagi | Kvareli
Il. Data of Meteorological Station - 1982, 1984-1989

Mean | 1.30 157 2.29 0.71 1.29 0.29 1.29 143 | 157
Min | 029 0 0 0 0 0 0 0 0
Max | 2.29 4 5 2 4 1 3 3 3
StDev | 0.60 127 1.70 0.76 138 0.49 111 098 | 0098
om 0.23 0.52 0.70 0.31 0.56 0.20 0.45 040 | 040
Count 8 7 7 7 7 7 7 7 7
a,
Differ. | 0.005 | 0.05 0.05 Not Not Not 005 | 0015 | 0015
(110 sign sign sign
1. Data of Meteorological Station - All Years
Mean | 1.78 1.66 214 131 217 114 2.03 213 | 164
Min | 1.14 0 0 0 0 0 0 0 0
Max | 2.17 8 7 4 7 5 5 6 8
StDev | 0.40 137 1.61 0.96 1.49 1.28 132 144 | 136
om 0.15 0.15 0.17 0.14 0.16 0.15 0.14 018 | 0.16
Count 8 83 86 49 83 77 94 64 76
a,
Differ. | 0.05 Not Not 0.05 0.07 0.005 0.07 0.07 Not
- sign sign sign

In the Table 1 the statistical characteristics of number of days with hail per year in Kakheti according
to the data of Hydrometeorological Department of Georgia and State Insurance Service are presented. In the
figures 1-4 distribution on the territory of Kakheti of the average number of days with hail per year are
presented: for 123 locations (Fig. 1, Data of SIS), average for 8 municipalities (Fig. 2, Data of SIS), average
for 8 meteorological stations of the municipal centers of Kakheti (Fig. 3 - 1982, 1984-1989; Fig 4 — all years,
Data of HD).

As follows from Fig. 1 and Table 1 the number of days with hail per year in 123 locations of Kakheti
according to the data of SIS changes from 0.14 to 2.57 with average value — 0.64. The maximum repeatability
of the number of days with hail per year falls on the range 0.14 - 0.5 (47.2%), the minimum - on the range
>2.0-2.6 (1.6%), (Fig. 2).
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Fig. 1. The average number of days with hail per year in 123 locations of Kakheti in 1982, 1984-1989 (Data

of SIS).
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Fig. 2. Repetition of the average number of days with the hail in the separate locality of Kakheti
(Data of SIS).

46



Tusheti

fas

Reserve Territories

( onde ) Kakheti
I
/ (
/ .; 0.55
.,/ Akhmeta W | [
Col
)

O mriiNap_greuli 5

-k ™ B

Ikalto 0.36 The Fortrua 02
° O ofkvarei % o
Telaw
. ( Tsinandall ./ argll p J |ou O
s \ s/ Velistsikhe v Lagodekhi

O . “Gur 10510 \

uurd]unl

Sagarejo 0B o \ .' 083,}/ -
0.32 / 061/
( / Sighnaghi
\__// ]/ Bodbe convent

Udabno /’ 0.58

Khirsa
* David-Garejd 0B on / 070 \“m‘t‘
7 0.28 ,/' .= 052 o e

.

034/ Dedoplistskaro

\
v o

Fig. 2. The average number of days with hail per year (right) and 99% the upper and lower levels of
confidence interval on the territories of 8 municipalities of Kakheti in 1982, 1984-1989 (Data of SIS).

According to the data of SIS (Table 1, Fig.2) the maximum average value of number of days with hail
per year on the territory of Telavi municipality is observed - 0.70 < 1.07 < 1.45, the minimum - on the territory
of Lagodekhi municipality - 0.14 < 0.34 <0.55. For other municipalities the average value of number of days
with hail per year are: Signagi - 0.28 < 0.43 <0.58, Sagarejo - 0.32 <0.46< 0.59, Dedoplistskaro - 0.34 <0.52
<0.70, Akhmeta - 0.24 <0.55 <0.81, Kvareli - 0.36 <0.57<0.79, Gurjaani - 0.61 <0.83 <1.05 (Table 1, Fig.2).

The number of days with hail per year at 8 meteorological stations of the municipal centers of Kakheti
in 1982, 1984-1989 (Data of HD) changes from 0.29 to 2.29 with average value — 1.30. The maximum average
value of number of days with hail per year on the Gurjaani meteorologycal station is observed - 0.49 < 2.29
<4.08, the minimum - on the meteorologycal station of Lagodekhi - 0.00 <0.29 <0.80. For other meteorological
stations the average value of number of days with hail per year are: Dedoplistskaro - 0.00 <0.71 <1.51, Telavi
and Sagarejo - 0.00 < 1.29<2.74 and 0.11 <1.29 <2.46 respectively, Signagi - 0.40 < 1.43< 2.46, Akhmeta and
Kvareli - 0.23 <1.57 <2.91 and 0.54 < 1.57 < 2.60 respectively (Table 1, Fig.3).
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Fig. 3. The average number of days with hail per year (right) and 99% upper and lower levels of confidence
interval at 8 meteorological stations of the municipal centers of Kakheti in 1982, 1984-1989 (Data of HD).

As follows from Table 1 and Fig.4 the number of days with hail per year at 8 meteorological stations
of the municipal centers of Kakheti according to all observation data of HD changes from 1.14 to 2.17 with
average value — 1.78. The maximum average value of number of days with hail per year on the meteorologycal
station of Telavi is observed - 1.74 <2.17 <2 .59, the minimum - on the meteorologycal station of Lagodekhi
-0.76 < 1.14 < 1.52. For other meteorological stations the average value of number of days with hail per year
are: Dedoplistskaro - 0.95 < 1.31 < 1.66, Kvareli -1.24 <1.64 < 2.05, Akhmeta - 1.27 < 1.66 <2.05, Sagarejo
- 1.68 <2.03 <2.38, Signagi - 1.66 <2.13 <2.59, Gurjaani - 1.69 < 2.14 < 2.59.

The comparison of the average number of days with the hail per year according to the data of SIS and
HD into 1982, 1984-1989 shows the following. As a whole, for the territory of Kakheti the number of days
with the hail per year according to the data of HD is higher than according to the data of SIS. On the
meteorological stations Akhmeta, Gurjaani, Sagarejo, Signagi and Kvareli the larger number of days with the
hail, than by the State Insurance Service on the average on the territories of the same municipalities was
recorded. At the meteorological stations Dedoplistskaro, Telavi and Lagodekhi and the territories of similar
municipalities on the average the identical number bottom with the hail was recorded (Table 1).

The comparison of the average number of days with the hail per year according to the data of SIS into
1982, 1984-1989 and HD on all years of observations shows that on all meteorological stations the larger
number of days with the hail, than on the average on the territories of the corresponding municipalities was
recorded (Table 1).
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Fig. 4. The average number of days with hail per year (right) and 99% upper and lower levels of confidence
interval at 8 meteorological stations of the municipal centers of Kakheti for all years of observation (Data of
HD).

The comparison of the average number of days with the hail per year according to the data of HD into
1982, 1984-1989 and for all years of observations shows that on the average for the territory of Kakheti and
meteorological stations Dedoplistskaro, Telavi, Lagodekhi, Sagarejo and Signagi the number of days with the
hail, averaged in all years, are higher than averaged in 7 years. For the meteorological stations Akhmeta,
Gurjaani and Kvareli this difference is insignificant (Table 1).

In the Fig. 5 data about correlation between number of days with hail per year on the meteorological
stations and their average value in 8 municipalities of Kakheti in 1982, 1984-1989 is presented. Correlation
between the indicated parameters is moderate (R = 0.48, a = 0.23).

In the Fig. 6 data about correlation between number of days with hail per year on the meteorological
stations (all data of HD) and their average value in 8 municipalities of Kakheti in 1982, 1984-1989 according
of data of SIS is presented. Correlation between the indicated parameters is noticeable (R = 0.57, a = 0.15).

Correlation between number of days with hail per year on the meteorological stations in Kakheti
according to all data and data of 1982, 1984-1989 of HD (Fig. 7) is strong (R = 0.74, a.= 0.025).

As a whole the linear correlation between number of days with hail per year and altitude in Kakheti
for 123 locations is significant, but is very weak (R = 0.14, a.= 0.1). A certain tendency of an increase in the
number of days with the hail with an increase in altitude of locality is noticeable (Fig. 8).
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However, with the averaging of data of 123 locations for different altitude ranges the clearer picture
of the dependence of the number of days with the hail from the height of locality is observed (Fig. 9). As
follows from Fig. 9 dependence between the averaged values of the number of days with the hail per year and
the height of locality is very strong and has the form of the third power polynomial (R? = 0.996, o. = 0.001).
Approximately to the height of 550 m above sea level an increase in the number of days with the hail bringing
damage to agricultural crops is observed, then - decrease.

From Fig. 10 follows, that correlation between number of days with hail per year on the
meteorologycal stations and altitude in Kakheti according to data of HD is very weak (R = 0.14 and 0.22, a is
insignificant).

Concerning the correlation between number of days with hail per year and mean altitude of hail-
damaged area of 8 municipalities in Kakheti in 1982, 1984-1989 according to data of SIS (Fig. 11), that here
dependence is noticeable (R? = 0.3585, o. = 0.12). As in the preceding case (Fig. 9), in this case the dependence
of the number of days with the hail from the height of locality also takes the form of the third power polynomial
(Fig. 11).
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0.90
s 080 &
< 070 LT '
2 060 o ..
S s y= 4E-09C - 1E-05x2 + 0.009x - 1.3491
s 05 R2=0.996 ®
3 040
5
S 030

0.20

250 350 450 550 650 750 850

Altitude, m

Fig. 9. Dependence of the average number of days with hail per year on the mean height of the terrain in
Kakheti for 123 locations in 1982, 1984-1989 (Data of SIS).

Averaging is carried out in a range of heights: 210-280 m — 15 points, 312-400 m — 14 points, 405-500 m -25
points, 501-591 m — 23 points,605-698 m - 19 points, 711-774 m — 15 points, 787 — 987 m — 12 points,
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Conclusion

According to the data of State Insurance Service of Georgia (SIS) for 123 locations of the territory
Kakheti, in comparison with the data of the Hydrometeorological Department of Georgia (HD) for the 8
meteorological stations, the understated number of days with the hail per year was recorded (approximately
two times less in comparison with data for 1982, 1984-1989 and almost three times less in the comparison
with data for all years of observations at the meteorological stations - from 49 to 94 years).

The linear correlation between the average number of days with hail per year in 8 municipalities of
Kakheti (1982, 1984-1989, data of SIS) and on the corresponding meteorological stations of municipalities
centers of Kakheti (data of HD) are moderate (1982, 1984-1989, data of SIS and HD) and noticeable (1982,
1984-1989 data of SIS and all data of HD).

In the range of heights from 410 to 802 m the average number of days with the hail per year according
to the data of 8 meteorological stations does not depend on height. The vertical distribution of averaged
number of days with the hail per year according to the data of 123 locations of Kakheti (data of SIS, the range
of mean altitudes from 254 to 821 m) takes the form of the third power polynomial.
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CpaBHUTEJBbHBIN AHAJIU3 pacnpeaeJeHnuss KOJIM4eCTBA JTHEH ¢ rpajgoM
B roJ Ha TeppuTopuu KaxeTuun no 1aHHbIM MeTEOPOJIOTrHYECKUX
CTAHUUN M CJIYKOBI TOCYIAPCTBEHHOI0 cTpaxoBaHus ['py3un

A.I'. AmupanamBuiu, T.I'. bauanse, H.K. [zkampumsBuim,

[T.B. Xyponze
M.I'. IInnna, X.3. TaBugamsuin

Pe3rome

[IpencraBnensl pe3ynbTaThl CPABHUTENBHOTO aHAK3a pacnpeaeneHus Ha Teppuropun Kaxetun uncna nuei
C TpaaoM MO JAaHHBIM THIPOMETEOpOJIOrHYecKoro nemapramenta (8 cranuuii - Axwmera, ['ypmxaanu,
Henomnucikapo, Tenasu, Jlarogexu, Carapemxo, Curnaru, Ksapenu; perucrpanus Bcex AHEH ¢ TpajoM) U
CITy’)KOBI TOCyJIapCTBEHHOro crpaxoBaHusi [py3um (123 myHKTa, peructpamnusi JHEH ¢ TPajoOUTHSIMH,
MIPUBEIIINX K TIOBPEXKCHHUIO CEIbCKOXO3AUCTBEHHBIX KyNnbTyp). llepron uccnenosanus: 1982, 1984-1989
rojel o naHHbIM CorykObI TOCyIapcTBeHHOTO cTpaxoBaHus u 49-94 rona (Bkmoyas 2016 rox) Mo TaHHBIM
I'mopomereoponornueckoro nenapraMmedta ['py3un. B wacTHOCTH moydeHO, 4TO AJsl IMYHKTOB AXMeTa,
I'ypmxaanu, Carapemxo, Curnaru u Ksapenu Ha METEOPOJIOTHYECKUX CTAHIMAX PErHCTPUPOBAIIOCH OOJIbIIEE
YHCII0 THEH ¢ TpajioM, YeM CIIy>KOOH TOCyIapCTBEHHOTO CTPaXOBaHMSI Ha TEX JK€ TePPUTOPHUsX. JlJIsl MyHKTOB
Henonnucukapo, TenaBu u Jlaromexu 3ta pa3Huila He3HauuMmad. [IpoBeaeH Takxke JeTajJbHbIA aHAINU3
pacrnpeneneHus Ha Tepputopru KaxeTun 4ncia JHEH ¢ TpajioM MO JaHHBIM 00erX YKa3aHHBIX OpraHu3allHi.
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