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ABSTRACT

Results of the analysis of the data about height of zero isotherm in the atmosphere above the territory of Kakheti
(Telavi) from April through October 2012-2016 are presented. At present in Georgia the aerological sounding of
the atmosphere is not conducted. Therefore, in the work the resources of the worldwide network aerological
observation http://ready.arl.noaa.gov/READYcmet.php are used, according to which data the extrapolation of the
vertical distribution of meteorological elements for any location of world is possible. In particular, the repetition
of height of zero isotherm according to daily data for 04, 10, 16 and 22 hours on the Thilisi time for each month
is studied; it is obtained that monthly average values of the zero isotherm change from 2603 m during April to
4439 m during August, and ten-day average - from 2415 m in the first decade of April to 4615 m in the second
decade of August.
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Introduction

The thickness of the supercooled part of the convective clouds is one of the most important conditions for
formation and development of hail processes in them. Besides this, the data about the levels of negative
temperatures in the clouds are necessary for the meteorological forecast of showers, thunderstorms and hail,
determination of different characteristics of convective clouds from the data of radar measurements, optimum
zones of sowing in them by the ice-forming reagent with the operations on the active actions for the purpose of
the interruption of hail, the regulation of precipitations, etc. [1-4].

In the past century in the Soviet period of time the aerological sounding of the atmosphere in Thilisi,
Sukhumi, Batumi [5-7], and in the years of the work of anti-hail service in Kakheti in the village of Ruispiri of the
Telavi municipality was carried out [8-11]. The aerological sounding of the atmosphere is not conducted after
1991 in Georgia.

At present, in connection with the restoration of anti-hail works in Kakheti [12-15], arose the need of
obtaining the operational information about the vertical distribution of the meteorological parameters in this region
of the Georgia, which was necessary both for conducting active actions to the hail-dangerous and hail clouds [4,15]
and for operational provisions of contemporary radar on recording of the parameters of hail clouds (probability of
hailstorm, the size of hail, etc.) [16-21]. For obtaining this information the resources of service of the worldwide
network of the aerological observations of http://ready.arl.noaa.gov/READY cmet.php are used, according to data
of which is possible the extrapolation of the vertical distribution of meteorological elements for by any point of
world.

It should be noted that the indicated resource has 10-years data file. Therefore, besides the use of
operational information, is a possibility of studying the influence of climate variation in Georgia [22-25] on a
variation in the vertical profiles of a meteorological element in free-air conditions at present. Similar works in
Georgia are begun in 2015 year [26,27]. Let us note also, that the operational and averaged long-term data about
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the level of the zero isotherm, it is planned to use for evaluating the sizes of hail stones on the earth's surface taking
into account their sizes in the clouds according to the data of radar measurements and the height of locality with
the use of known methodology [1-3, 28-31]. This will make it possible to build the detailed operational and model
maps of the distribution of potential damage from the hail of agricultural crops, to conduct the estimation of the
physical effectiveness of action on the hail processes, to improve the procedure of anti-hail works and so forth
[4,32].

This work is the continuation of the studies [26,27,33] initiated. Below some results of the analysis of the
statistical structure of height of zero isotherm in the atmosphere above the territory of Kakheti from April through
October 2012-2016 are represented. The selection of the indicated season of year is caused by the need of using
the results of a study in the work of anti-hail service in Kakheti.

Material and methods

For investigating the thermal regime in the free atmosphere above the territory of Kakheti as in [26,27,33]
the resources of http://ready.arl.noaa.gov/READYcmet.php were used.

Height of zero isotherm H(0°C) was determined from the formula:
H(0°C)=(T1 H2-T2'H1)/(T1-T2)

where, T1 and T2 are the temperature of air at the levels H1 and H2 respectively. With this T1 must be > 0°C,
and T2 <0°C.

In the work the statistical analysis of hourly (04, 10, 16 and 22 hours on the Thilisi time) heights of zero
isotherm from April through October 2012-2016 is carried out. The total quantity of data composes 4280. As the
informational unit the values of height of zero isotherm, average in the twenty-four hours are used, averaged in
five years.

The analysis of data with the use of the standard statistical analysis methods is carried out [34]. The following
designations will be used below: Min — minimal values, Max - maximal values, Range - variational scope, St Dev
- standard deviation, om — standard error, Cv (%) - coefficient of variation, 95%(+/-) - 95% of confidence interval.

The statistical data about the decade average and monthly average values of the height of zero isotherm
above the investigated region are represented below.

Results and discussion

Results in Fig. 1-2 and Table 1-4 are represented.

Fig. 1 presents the data about the repetition of heights of zero isotherm for the separate months of the
season of anti-hail works. As follows from this figure the greatest repetition of the hour values of the level of the
zero isotherm it falls to the following altitude ranges - April: >2.6-3.0 km (26.3 % of the cases), May: >3.0-3.4
km (33.7 % of the cases), June: >3.8-4.2 km (38.3 % of the cases), July: >4.2-4.6 km (38.1 % of the cases),
August: >4.6-5.0 km (38.5 % of the cases), September: >3.8-4.2 km (33.3 % of the cases), October: >2.6-3.0 km
(18.1 % of the cases).

Tables 1-4 statistical characteristics of the average monthly and decade (ten-day) average values of heights
of zero isotherm (m) above the territory of Kakheti from April through October depict.

April (Table 1). Average monthly value of H(0°C) = 2603 m, the range of change: 1902 - 3215 m.

1 ten-day periods. Average monthly value of H(0°C) = 2415 m, the range of change: 1902 - 2989 m.
2 ten-day periods. Average monthly value of H(0°C) = 2627 m, the range of change: 2487 - 2893 m.
3 ten-day periods. Average monthly value of H(0°C) = 2767 m, the range of change: 2251 - 3215 m.
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Fig. 1. Repetition of height of zero isotherm (km) above the territory of Kakheti in April- October of 2012-2016
according to the data for 04, 10, 16 and 22 hours on the Thilisi time.

Table 1

Statistical characteristics of the average monthly and decade average values of heights of zero isotherm (m)
above the territory of Kakheti during April and May

Month April May
Parameter | Month 1 Decade | 2 Decade | 3 Decade | Month 1 Decade | 2 Decade | 3 Decade
Mean 2603 2415 2627 2767 3340 3260 3205 3534
Min 1902 1902 2487 2251 2976 2976 3018 3110
Max 3215 2989 2893 3215 3762 3555 3351 3762
Range 1313 1086 407 964 786 579 333 651
Median 2608 2344 2573 2812 3313 3219 3249 3570
St Dev 347 409 131 366 220 200 130 167
Gm 64 136 44 122 40 67 43 53
Cv (%) 13.3 16.9 5.0 13.2 6.6 6.1 4.0 4.7
95%(+/-) 126 267 86 239 79 131 85 103

May (Table 1). Average monthly value of H(0°C) = 3340 m, the range of change: 2976 — 3762 m.

1 ten-day periods. Average monthly value of H(0°C) = 3260 m, the range of change: 2976 — 3555 m.
2 ten-day periods. Average monthly value of H(0°C) = 3205 m, the range of change: 3018 — 3351 m.
3 ten-day periods. Average monthly value of H(0°C) = 3534 m, the range of change: 3110 — 3762 m.
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Table 2

Statistical characteristics of the average monthly and decade average values of heights of zero isotherm (m)
above the territory of Kakheti during June and July

Month June July
Parameter Month 1 Decade | 2 Decade | 3 Decade Month 1 Decade | 2 Decade | 3 Decade
Mean 3978 3763 3990 4181 4432 4330 4524 4442
Min 3642 3642 3736 4020 4231 4248 4331 4231
Max 4294 3878 4294 4290 4658 4408 4658 4614
Range 652 237 558 271 427 160 327 383
Median 3985 3767 3985 4192 4397 4323 4553 4431
St Dev 212 75 183 91 133 51 129 128
Om 39 25 61 30 24 17 43 41
Cv (%) 5.3 2.0 4.6 2.2 3.0 1.2 2.9 2.9
95%(+/-) 77 49 120 60 48 34 85 80

June (Table 2). Average monthly value of H(0°C) = 3978 m, the range of change: 3642 — 4294 m.

1 ten-day periods.
2 ten-day periods.
3 ten-day periods.

July (Table 2). Average monthly value of H(0°C) = 4432 m, the range of change: 4231 - 4658 m.

1 ten-day periods.
2 ten-day periods.

Average monthly value of H(0°C) = 3763 m, the range of change: 3642 - 3878 m.
Average monthly value of H(0°C) = 3990 m, the range of change: 3736 - 4294 m.
Average monthly value of H(0°C) = 4181 m, the range of change: 4020 — 4290 m.

Average monthly value of H(0°C) = 4330 m, the range of change: 4248 — 4408 m.
Average monthly value of H(0°C) = 4524 m, the range of change: 4331 — 4658 m.

3 ten-day periods. Average monthly value of H(0°C) = 4442 m, the range of change: 4231 - 4614 m.

Table 3

Statistical characteristics of the average monthly and decade average values of heights of zero isotherm (m)

above the territory of Kakheti during August and September

Month August September
Parameter Month 1 Decade | 2 Decade | 3 Decade Month 1 Decade | 2 Decade | 3 Decade
Mean 4439 4505 4615 4220 3721 3764 3946 3452
Min 3974 4385 4477 3974 3103 3591 3756 3103
Max 4763 4574 4763 4456 4100 3984 4100 4008
Range 788 189 286 482 997 392 344 904
Median 4494 4526 4616 4174 3818 3817 3929 3362
St Dev 209 62 98 176 282 142 116 291
Om 38 21 33 56 52 47 39 97
Cv (%) 47 1.4 2.1 4.2 7.6 3.8 2.9 8.4
95%(+/-) 75 41 64 109 103 93 76 190

August (Table 3). Average monthly value of H(0°C) = 4439 m, the range of change: 3974 - 4763 m.

Average monthly value of H(0°C) = 4505 m, the range of change: 4385 - 4574 m.
Average monthly value of H(0°C) = 4615 m, the range of change: 4477 - 4763 m.
Average monthly value of H(0°C) = 4220 m, the range of change: 3974 - 4456 m.

1 ten-day periods.
2 ten-day periods.
3 ten-day periods.

September (Table 3). Average monthly value of H(0°C) = 3721 m, the range of change: 3103 - 4100 m.

1 ten-day periods.
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2 ten-day periods. Average monthly value of H(0°C) = 3946 m, the range of change: 3756 — 4100 m.
3 ten-day periods. Average monthly value of H(0°C) = 3452 m, the range of change: 3103 — 4008 m.

Table 4

Statistical characteristics of the average monthly and decade average values of heights of zero isotherm (m)
above the territory of Kakheti during October

Month October
Parameter Month 1 Decade 2 Decade 3 Decade
Mean 2842 3133 2905 2520
Min 2145 2629 2145 2165
Max 3777 3777 3466 3054
Range 1632 1148 1321 889
Median 2870 3045 2924 2459
St Dev 432 377 413 276
Om 79 126 138 87
Cv (%) 15.2 12.0 14.2 10.9
95%(+/-) 155 246 270 171

October (Table 4). Average monthly value of H(0°C) = 2842 m, the range of change: 2145 - 3777 m.

1 ten-day periods. Average monthly value of H(0°C) = 3133 m, the range of change: 2629 - 3777 m.
2 ten-day periods. Average monthly value of H(0°C) = 2905 m, the range of change: 2145 - 3466 m.
3 ten-day periods. Average monthly value of H(0°C) = 2520 m, the range of change: 2165 — 3054 m.

The greatest average monthly value of H(0°C) during August (4439 m) is observed, smallest - during April
(2603 m). Average value of H(0°C) from April through October equal to 3622 m. Greatest decade average value
of H(0°C) to the second ten-day period of August (4615 m) is observed, smallest - in the first ten-day period of
April (2415 m). The greatest intra-monthly amplitude of values of H(0°C) during October (1632 m) is observed,
smallest - during July (427 m). The greatest intra-decade amplitude of values of H(0°C) in the second decade of
October (1321 m) is observed, smallest - in the first decade of July (160 m).
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Fig. 2. The time dependence of the decade average values of the level of the zero isotherm above the territory of
Kakheti from April through October
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As follows from Fig. 2 the time dependence of decade average values of H(0°C) above the territory of
Kakheti from April through October it takes the form of the third power polynomial.

Conclusion

In the near future it is provided the continuation of the initiated studies on the study of the influence of
climate change in Eastern Georgia [22-25] to the contemporary variations of height of zero isotherm in the
atmosphere (preliminary results into [26,27] are obtained), and also the study of the statistical structure of values
of H(0°C) in the days with the hail processes at present and its comparison with the analogous works, in the past
century carried out [9].
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atMoctepsl He mpoBoautcs. [losTomy B paboTe MCHOIB30BaHBI PECYPCHl MHUPOBOW CETH adpOJIOTHUYECKHX
HaOmonenuii http://ready.arl.noaa.gov/READYcmet.php, 1o maHHBIM KOTOPOW BO3MOXKHA 3KCTPATIOJISIIHS
BEPTUKAILHOTO PAaCIpEACIICHNs METECOPOJIOTHYECKUX 3JIEMEHTOB Ui JIF000M Toukoi Mwupa. B wactHOCTH,
M3y4yeHa MOBTOPSIEMOCTh BBICOTHI HYJEBOM M30TEPMBI IO €XEAHEBHBIM JaHHBIM 3a 04, 10, 16 u 22 yac. no
TowmucckoMy BpeMEHH I KaXI0TO MECAIa; IMOJIyYeHO, YTO CpeJHEMECSYHbIC 3HAUEHUI HYJIEBON M30TEPMBI
Menstorces oT 2603 M B anpene 10 4439 M B aBrycTe, a cpenHeiekaaHbie — oT 2415 M B nepBoii aekaje anpes
10 4615 M BO BTOpOII IeKaie aBrycra.
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