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Abstract. Modern climate changes can affect the microphysical and electrical properties of clouds, such as the
conditions that cause intense hail and lightning. At the same time, the effect of the impact largely depends on the physical-
geographical conditions and the ecological situation. It should be noted that global warming that has occurred in recent
decades has a significant impact on the dynamics of hail processes.

For the statistical analysis of the number of hail days against the background of modern climate change, the average
number of hail days at the stations according to decades was used, which allows to weaken short-term fluctuations and
reveal long-term changes. In order to determine the dynamics of hail days in Eastern Georgia, the observation data of some
meteorological stations from 1961-2000 and 2014-2020 were analyzed.

In total, the data of 17 meteorological stations of Eastern Georgia about hail for the period of 1961-2020 have been
processed.
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Introduction. It is established that in the last decades, against the background of global climate change, there is a
noticeable increase in the frequency and intensity of natural hydrometeorological events.
Hail is precipitation of particles of ice (hailstones). These can be either transparent, or partially or completely opaque.
They are usually spheroidal, conical or irregular in shape, and generally 5-50 mm in diameter. The particles may fall from
a cloud either separately or agglomerated in irregular lumps. They are generally observed during heavy thunderstorms.
Hailstones are particles of ice which can be either transparent, or partly or completely opaque. They are usually spheroidal,
conical or irregular in form [1].
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Fig. 1 Hailstones [1].
Consists of a nucleus surrounded by alternating layers of opaque and transparent ice. There are usually not more than five
layers, except in very large hailstones, which have been found to have 20 or more layers. Some other hailstones do not
have any layers, and consist of transparent or opaque ice only.

Hailstones typically have a density between 0.85 g/cm3 and 0.92 g/cm3, but may have a lower density if they have large
cavities filled with air. Some hailstones are partly composed of spongy ice, which is a mixture of ice, water and air [1].
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Area under study. In terms of hail damage, Eastern Georgia is the most hail-prone part in thecountry. Therefore,
as before in recent years many works are devoted to the problem of hail in our country, among them in eastern Georgia,
covering a wide range of studies - from hail climatology [2-5].

Eastern Georgian relief may be characterized by three sharply expressed orographic elements: in north Caucasus, in south
— Georgian south uplands and lowland located between those two risings or intermountain depression. It is geographically
defined by the watershed of the Mtkvari and Rioni bassins (disposing to the Black or the Caspian Sea) [6].

Fig. 2. Eastern Georgia (Georgia) [6].

These conditions determine the climate of Eastern Georgia and the diversity of its characteristics, which determines the
number and quality of natural disasters in the country.

Eastern Georgia includes the following regions: Shida Kartli, Kvemo Kartli, Kakheti, Samtskhe-Javakheti, Mtskheta-
Mtianeti, Thilisi administrative unit.

Materials and Methods. The detection of hail in Eastern Georgia was based on the exiting materials of many
years of field studies, the databases of the National Environment Agency and Georgian Technical University/Institute of
Hydrometeorology, information and publications published literary sources.

The research is carried out using the methods of mathematical statistics and probability theory widely used in climatology.

Results. Based on the data processing (National Environment Agency), we selected those stations that had perfect
data from the weather stations in Eastern Georgia. 17 such meteorological stations were found in Eastern Georgia. The
research years include 1961-2020. We processed the data according to decades (6 decades in total). In each decade, the
average number of hail days for each station is given (Table 1).

Table 1. The dynamics of changes in the number of days with hail according to the regions
of Eastern Georgia (1961-2020)

Years of observation

| I 11 v V VI

Region Observation area 1961- 1971- | 1981- | 1991- | 2001- | 2011-

1970 1980 1990 2000 | 2010 2020

Number of hail days (April-October)

. . Khashuri 1 0,4 1 - 0,9 1,9
Shida Kartli Gori 26 13 12 |- 18 12
Tsalka 3,3 3,9 2,7 15 1,7 2,0
Kvemo Kartli Bolnisi 1,9 0,8 0,8 1,8 1,1 2,0
GArdabani 1,8 0,7 0,9 0,6 0,5 0,1
. Akhaltsikhe 3,3 1 0,5 - 2,8 3,8
Samtskhe-Javakheti Faravan 8.4 6.4 31 . 03 01
Stefantsminda 0,8 1,1 0,4 - 1 0,1
Mtskheta-Mtianeti Fasanauri 2,7 1,4 1,8 - 0,3 1,0
Tianeti 43 2,2 2,2 15 2,0 2,0
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Thilisi administrative | Kojori 2,3 2,1 1,6 1,0 0,6 0,1
unit Thilisi 0,8 1,3 1,0 2,0 1,5 1,0
Telavi 2,7 1,2 1,2 - 0,6 2,0
Sagarejo 3,0 1,3 1,6 - 0,1 1,0
Kakheti Lagodekhi 1,6 0,9 0,4 - 2,4 0,9
Kvareli 2,4 1,1 1,3 - 0,3 0,1
Dedoflistskaro 1,7 1,2 11 0,9 0,4 0,4

As shown in Table 1, the data for the 4th decade is not complete. The reason for this is the current situation in the country
for this period. Since the 90s of the last century, due to the difficult economic and political situation in Georgia, the
hydrometeorological observation network has been significantly reduced.

As a result of processing the obtained data, we created graphic diagrams for the average number of days with hail
according to the decades of 1961-2020, for 17 observation points in Eastern Georgia. The graphs presented in Figures 3-
19.
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Fig. 3. Average number for hail according to the decades of 1961-2020, Kahashuri, Shida Kartli region.
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Fig. 4. Average number for hail according to the decades of 1961-2020, Gori, Shida Kartli region.
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s Tsalka, Kvemo Kartli region
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Fig. 5. Average number for hail according to the decades of 1961-2020, Tsalka, Kvemo Kartli region
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Fig. 6. Average number for hail according to the decades of 1961-2020, Bolnisi, Kvemo Kartli region.
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Fig. 7. Average number for hail according to the decades of 1961-2020, Gardabani, Kvemo Kartli region.
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Akhaltsikhe, Samtskhe-Javakhetiregion 38
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Fig. 8. Average number for hail according to the decades of 1961-2020,
Akhaltsikhe, Samtskhe-Javakheti region.
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Fig. 9. Average number for hail according to the decades of 1961-2020, Faravani,
Samtskhe-Javakheti region.
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Fig. 10. Average number for hail according to the decades of 1961-2020, Stefantsminda,
Mtskheta-Mtianeti region.
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Fig. 11. Average number for hail according to the decades of 1961-2020, Fasanauri,
Mtskheta-Mtianeti region.
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Fig. 12. Average number for hail according to the decades of 1961-2020, Tianeti,
Mtskheta-Mtianeti region.
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Fig. 13. Average number for hail according to the decades of 1961-2020, Kojori,
Thilisi administrative unit.
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Thilisi, Capital of Georegia
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Fig. 14. Average number for hail according to the decades of 1961-2020,
Thilisi, capital of Georgia.
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Fig. 15. Average number for hail according to the decades of 1961-2020,
Telavi, Kakheti region.
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Fig. 16. Average number for hail according to the decades of 1961-2020,
Sagarejo, Kakheti region
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Lagodekhi, Kakheti region
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Fig. 17. Average number for hail according to the decades of 1961-2020,
Lagodekhi, Kakheti region.
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Fig. 18. Average number for hail according to the decades of 1961-2020,
Kvareli, Kakheti region.
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Fig. 19. Average number for hail according to the decades of 1961-2020,
Dedoflistslaro, Kakheti region.
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Discussion. The data obtained after the processing of the material showed that there is a significant decreasing
trend at the observation points of Shida Kartli region in the second decade.
In the Kvemo Kartli region, based on the data of Bolnisi and Tsalki weather stations, there is a tendency to decrease at the
beginning of the research period, and to increase in the last two decades. And, the analysis of Gardabani data shows that
the number of hail days in the research period is characterized by a decreasing trend.
According to the data of Akhaltsikhe of the Samtskhe-Javakheti region, the highest data from the 6 decades of the study is
recorded in the last decade. And according to the data of Faravni weather station, there is a decreasing trend throughout the
research period.
Based on the data of Mtskhet-Mtianeti weather stations, there is no significant decrease or increase in the number of hail
days in the region (for example, Tianeti).
Thilisi administrative unit - Kojori is characterized by a consistent decreasing trend throughout the entire research period.
And the capital, according to the average number of days with hail, is characterized by inconsistent data in the first three
decades, and in the last three decades it has a significant decreasing trend.
Kakheti is the most interesting region among the research regions. Kakheti is one of the hail-dangerous regions of Georgia
[7-11]. In 1967-1989 here was conducted the production work on the protection from the hail [12-13]. In the post-Soviet
period, the operation of this service was stopped, which were renewed in 2015 [14-15]. Based on the data of all five
meteorological stations in the Kakheti region, the number of hail days in the first two decades is characterized by a
significant decreasing trend, and it is logical that this decrease is related to the work of the anti-hail service. In the 1990s,
the data are unstable and incomplete (as in the whole of Georgia).
And as for the last two decades, the trend of the number of days with hail is decreasing and in some cases it is
characterized by changing dynamics.

Conclusions. Based on the data processing as a result of conducted researches works, against the backdrop of
modern climate change, the indicators of the number of days with hail in Eastern Georgia show a changing trend, which is
mainly expressed as a decrease in the number of days with hail.

An increase in the number of days with hail is observed only in two municipalities (Bolnisi municipality in the Kvemo
Kartli region, Akhaltsikhe municipality in the Samtskhe-Javakheti region).
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OO0uumii cTaTHCTHYECKU aHAINU3 MHOTOJIETHUX M3MEHEHMI YyMcia qHeil ¢ rpagoM Ha ¢oHe N3MeHeHUs KIUMATa B
Bocrounoii I'py3un / Muxaun Ilunust, Hazu6pona Bernapamuim, Hununo duacamunze, Huno Dxampuiusuin/ CO.
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CoBpeMeHHbIE N3MEHEHHs KIMMaTa MOTYT BJIMATH Ha MUKPO(QHU3MYECKUE M IJIEKTPUYECKHE CBOWCTBA 00JIAKOB,
HaIrpuMep, Ha YCIJIOBUS, BBI3bIBAIOIINE MHTEHCUBHBIN Tpaj U MOJHUH. [Ipu 3TOM 3 deKT Bo3eHCTBHS BO MHOTOM 3aBHCUT
0T (U3HKO-TeorpaUUIecKnx YCIOBHH M IKOJOTHMYecKod oOcTaHOBKH. ClielyeT OTMETHTh, YTO IJI00AIbHOE MOTEILUICHHE,
MpPOMU30LIE/IIee B IOCIEAHUE IECATUIIETUS, OKa3bIBAET CYIIECTBEHHOE BIUSHIE HAa JUHAMUKY T'PaJIOBBIX IPOLIECCOB.

Jlns cTaTHCTHYeCKOro aHajIn3a KOJIMYecTBa IPaoBbIX JHEH Ha ()OHE COBPEMEHHBIX U3MEHEHMH KJIMMaTa MCIOJIb30BaJIOCh
CpejiHee KOJIMYECTBO IPaJ0BBIX JHEH Ha CTAHLMAX I10 JECATHIETHSM, YTO MO3BOJISIET OCIA0NTh KPaTKOCPOUHbIE KoeOa-
HUSL ¥ BBIIBUTH JOJITOCPOYHBIE M3MEHEHHUs. [ ompeneneHuss TUHAMUKU TPafoBbIX THeW B Boctownoit I'py3un Obim
MpOaHATM3UPOBAHBI JaHHBIE HAOIIOIEHNI HEKOTOPBIX MeTeopoJiornieckux cTanmmii 3a 1961-2000 u 2014-2020 roasr.
Bcero o6paboTans! nannbie 17 MeTeoposornueckux craHimii Bocrounoii I'py3un o rpazge 3a nepuoz 1961-2020 rogst.
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