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ABSTRACT

The data about the changeability of the mean five-year values of the daily values of the air temperature
above Kakheti for the central months of year for the period from 2012 through 2016 are cited. The statistical
characteristics of the air temperature at the different levels in the range of heights from 0.54 to 27 km are
represented. In particular, are cited: the data about the vertical distribution of the average monthly values
of the air temperature during January, April, July and October; the mean value of the gradient of air
temperature for the indicated months in the layer of the atmosphere from 0.54 to 8.5 km; the average
monthly values of height of zero isotherm. It is noted, that heights of zero isotherm for July and October
into 2012-2016 respectively by 0.215 and 0.506 km are higher than the same values in 1958-1961.
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Introduction

Studies of the vertical distribution of the air temperature in the atmosphere have great value for the
solution of different problems of meteorology and climatology (meteorological forecast of showers,
thunderstorms and hail [1-3], the determination of different characteristics of clouds according to the
data of radar measurements [1, 4-7], weather modification [1, 8-11], estimation of climate change [12],
etc.). From the end of May 2015 in Kakheti after 25- year interruption the work of anti-hail service was
restored [13,14]. Therefore, in connection with climate change, the need for the detailed study of the
contemporary regime of the vertical distribution of the air temperature above this territory arose [12,15-17].
These studies were begun in 2015 year [18].

In this work the results of investigating the vertical distribution of the average monthly values of air
temperature above the territory of Kakheti in 2012-2016 during January, April, July and October in the range
of heights from 0.543 to 27 km above sea level are given.

Material and methods

At present in Georgia the aerological sounding of the atmosphere is not conducted. Therefore, for
the solution of the problem presented was carried out information processing about the daily vertical profiles
of the air temperature in the atmosphere from the earth's surface to the height of 27 km above Kakheti

(Telavi) for four periods of observations (4, 10, 16 and 22 hours on the local time,
https://www.ready.noaa.gov/READY cmet.phpand https://rp5.ru/Weather_in_Georgia).

Results and discussion

The results of studies in tables 1-3 and figures 1-4 are clearly demonstrated.
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Table 1

Statistical characteristics of the five years mean of diurnal values of the air temperature on the different
heights above Kakheti during January and April 2012-2016

Param. January Param. April
H, km Mean Min Max Range | StDev | H,km | Mean Min Max Range | St Dev
0.54 2.5 -0.3 5.8 6.1 1.50 0.54 12.9 8.1 16.9 8.8 211
1.5 -2.5 -4.5 -0.8 3.7 1.14 15 6.7 15 10.6 9.1 2.27
2.0 -4.5 -6.9 -2.0 5.0 1.29 2.0 3.6 -1.1 7.3 8.4 2.18
2.5 -6.6 -9.3 -3.9 5.4 1.30 2.5 0.7 -3.6 4.1 7.6 2.04
3.0 -9.1 -12.0 -6.6 5.4 1.28 3.1 -2.4 -6.5 0.6 7.1 1.91
3.6 -12.3 -15.3 -9.9 5.4 1.29 3.6 -6.0 -10.0 -3.2 6.7 1.78
4.2 -16.0 -19.2 -13.7 5.5 1.32 4.3 -10.0 -13.8 -7.4 6.4 1.64
4.8 -20.2 -23.5 -18.1 5.4 1.33 49 -14.4 -18.0 -12.1 5.8 1.51
5.5 -25.2 -28.3 -23.0 5.3 1.34 5.6 -19.4 -22.7 -17.4 5.3 1.42
6.3 -31.0 -33.6 -28.6 5.0 1.33 6.4 -25.2 -28.2 -23.1 51 1.34
7.1 -37.4 -39.7 -35.2 4.5 1.30 7.3 -31.8 -34.7 -29.7 4.9 1.25
8.0 -44.6 -47.0 -42.5 4.4 1.20 8.2 -39.2 -42.1 -37.2 4.8 1.15
9.0 -51.7 -53.3 -49.3 4.0 0.98 9.2 -47.3 -49.8 -45.7 4.2 0.97
10.2 -57.1 -59.0 -54.4 4.6 1.22 10.4 -54.6 -56.4 -52.2 4.2 1.07
11.6 -57.9 -62.4 -53.6 8.8 1.98 11.8 -56.9 -60.2 -54.2 6.0 1.53
134 -56.7 -59.8 -54.3 55 1.37 13.7 -55.5 -57.4 -53.6 3.9 1.10
16.0 -58.9 -61.5 -57.7 3.8 1.12 16.2 -58.3 -59.9 -56.5 34 0.95
20.3 -60.8 -64.1 -56.5 7.6 1.80 20.6 -59.4 -60.8 -58.2 2.7 0.66
26.0 -57.6 -64.4 -50.4 14.0 3.79 26.3 -53.8 -56.7 -50.9 5.8 1.46
Table 2

Statistical characteristics of the five years mean of diurnal values of the air temperature on the different
heights above Kakheti during July and October 2012-2016

Param. July Param. October

H, km Mean Min Max Range | StDev | H,km Mean Min Max Range | StDev
0.54 23.5 21.9 25.6 3.7 0.87 0.54 13.1 8.8 17.7 8.9 2.34
15 17.7 16.2 19.3 3.1 0.81 15 6.7 2.5 111 8.6 2.17
2.0 13.9 12.6 15.5 3.0 0.80 2.0 4.0 0.4 8.4 8.0 2.11
2.6 10.5 9.1 12.2 3.1 0.80 2.5 1.7 -1.7 6.3 8.0 2.12
3.1 7.6 6.4 9.4 3.0 0.77 3.1 -0.9 -4.1 3.7 7.8 2.04
3.7 43 3.1 5.8 2.8 0.76 3.7 -4.1 -7.2 0.4 7.6 1.95
4.4 0.4 -0.7 1.8 2.5 0.76 4.3 -7.8 -10.5 -3.3 7.2 1.87
5.1 -4.0 -5.2 -2.5 2.7 0.80 5.0 -11.8 -14.6 -7.6 7.0 1.82
5.8 -8.7 -10.1 -7.0 3.1 0.88 5.7 -16.6 -19.6 -12.4 7.2 1.81
6.6 -13.9 -15.4 -11.9 35 0.93 6.5 -22.2 -25.5 -17.9 7.6 1.82
7.5 -19.5 -21.3 -16.9 4.4 1.10 7.4 -28.6 -32.1 -24.2 7.9 1.86
8.5 -25.6 -28.0 -22.5 5.5 1.46 8.3 -36.0 -39.7 -31.6 8.1 1.87
9.6 -32.2 -35.7 -28.1 75 1.97 9.3 -44.2 -47.8 -40.4 75 1.81
10.9 -38.4 -41.3 -35.1 6.3 1.50 10.5 -52.1 -54.4 -48.9 5.5 1.75
12.4 -45.7 -47.0 -44.9 2.1 0.58 12.0 -57.4 -62.4 -53.7 8.7 2.18
14.2 -55.8 -57.9 -54.5 3.4 0.84 13.8 -59.0 -63.5 -55.5 7.9 1.98
16.8 -64.7 -66.8 -62.0 4.8 1.22 16.3 -61.2 -63.2 -58.7 45 1.18
21.0 -58.7 -59.5 -57.4 2.1 0.57 20.6 -60.8 -63.0 -59.2 3.8 0.98
26.9 -475 -47.9 -47.1 0.8 0.21 26.4 -53.4 -55.5 -50.1 5.4 1.28
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Fig. 1. Vertical distribution of the mean monthly values of the air temperature above the territory of Kakheti
during January, April, July and October 2012-2016.
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Fig. 2. Vertical distribution of a difference of the maximum and minimum mean diurnal values of the air
temperature above the territory of Kakheti during January, April, July and October 2012-2016.

68



——Jan == Apr =i Jul Oct
30.0

20.0
y =-6.1384x + 26.79

R2=0.9995, Jul
10.0 .

0.0
0.0
-10.0

6.0 7.0 8.0 9.0

y =-6.1567x + 17.408
R2=10.9929, Oct

°C

-20.0 y =-6.2709x + 8.3331
R2? =0.9873, Jan

-30.0

y =-6.7105x + 17.526
-40.0 R2=0.9964, Apr

-50.0
KM

Fig. 3. Gradient of the vertical distribution of the average monthly values of the air temperature of above the
territory of Kakheti during January, April, July and October 2012-2016.
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Fig. 4. Gradient of the vertical distribution of the average monthly values of the air temperature of above the
territory of Kakheti during July and October 2012-2016 and 1958-1961 [2, 16].

As it follows from Table 1 and Fig. 1 during January the monthly average air temperature (T)
linearly diminishes with 2.5 °C (range from -0.3 to 5.8 °C) on the earth's surface to -57.1 °C (range: -59.0 - -
54.4°C) at the height of 10.2 km, then little it changes up to the height of 26 km (T =-57.6 °C, range: -64.4 -
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-50.4 °C). In April the values of T linearly diminishes with 12.9 °C (range from 8.1 to 16.9°C) on the earth's
surface to -54.6 °C (range: -56.4 - -52.2°C) at the height of 10.4 km, then little it changes up to the height of
26.3 km (T =-53.8 °C, range: -56.7 - -50.9°C).

As it follows from Table 2 and Fig. 1 in July the values of T linearly diminishes with 23.5 °C (range
from 21.9 to 25.6°C) to -64.7 °C (range: -66.8- -62.0°C) at the height of 16.8 km, then it grows to -47.5 °C
(range: -47.9 - -47.1°C) at the height of 26.9 km. In October the values of T linearly diminishes with 13.1 °C
(range from 8.8 to 17.7°C) on the earth's surface to -57.4 °C (range: -62.4 - -53.7°C) at the height of 12.0
km, then little it changes up to the height of 20.6 km (T= -60.8 °C, range: -63.0 --59.2°C) °C) and then it
grows to -53.4 °C (range: -55.5- -50.1°C) at the height of 26.4 km.

Vertical distribution of a difference of the maximum and minimum mean diurnal values of the air

temperature above the territory of Kakheti in Fig. 2 are presented. As it follows from this figure maximum
variations in the air temperature during January at the height of 26 km (14.0 °C), and minimum — in July at
the height of 26.9 km (0.8°C) are observed.

Table 3

Average gradient of the vertical distribution of monthly values of the air temperature and mean height of
zero isotherm above the territory of Kakheti

Parameter January April July October
Gradient, °/km 6.27 6.71 6.14 6.16
Ho, km 1.02 2.63 4.43 2.84

Average gradients of the vertical distribution of monthly values of the air temperature and mean
height of zero isotherm above the territory of Kakheti in the Fig. 4 and Table 3 are presented. During July
and October the monthly average height of zero isotherm is 4.43 and 2.84 km, which correspondingly is
higher on 0.17 and 0.44 km than in 1958-1961. In July the average gradient of vertical distribution of
monthly values of the air temperature during 2012-2016 is 6.14 °/km, and in 1958-1961 — 6.0 °/km. In
October, these values respectively comprise 6.16 and 5.74 °/km. Thus, at present as at the end of the past
century [12] also is observed the influence of the process of warming on the vertical distribution of the air
temperature in eastern Georgia, on which on a small quantity of data it was noted in [18].

Conclusion

In the near future is planned conducting more detailed studies changeability of the vertical
distribution of air temperature above Kakheti for all months of year, including decade, daily and hour
variations. In particular, the indicated information is necessary for the optimum selection of rocket means
with the works on the weather modification (fight with the hail, the regulation of atmospheric precipitations,
etc.), construction of the detailed maps of the distribution of potential damage from the hail of agricultural
crops, etc. taking into account the dimensions of hailstones in the clouds according to the data of radar
measurements and height of locality.
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35900L 9939650l 39ME035¢MMo gsbsfjoggdols
Lo58r0ermomgzommo 360dg3bgemdgdo 2012-2016 fergdols

3969 H00139930Lm30L 3sbgmol (bodsGoggem)
AH9M0GHMM05BY

B. %5960830¢0, b. 11530005330¢00
69Bomdg

9my356005 dmbs3qdgd0 39bgmol BHgMoEMEO0sHg 2012-2016 {engdol (396GHMHo 1M39900Lm30L
35960L  $99396M5GHIOOL  MI-sdMNMo LoWO0YJdoL 603369 MdYdOL  brymficrosbo  Loydmsenm
90b5(3999000 (33509d5@MdOL JgLobgd. FoMBmagbowos 359MoL 3s339MsEHwIMOL bGsEoLEH03MMO
3oboli0smgdgdo BbogzsoLbIs MbyBY 0.5438-sb6 2738-0¢0g Lo gMs OS3sDMbT0. 39H DM,
9my356005 35960l 3H9339M0GIM0L 350 G030 256570 gdol bodmsemmzom®mo dmbs3gdgdo
05635630, 536MH0do, 03¢oblo s MJGHMIdYOT0; 359M0L LsdMowm $H9d3gMoGMMOL 4Mo0gbEOL
3600369mdg00  Jom0mMGIMYo  M39900Lm30L  SGHIMLBIOMOL  B9bsdo  0.5439-sb  8,530-0c09;
Bmwmgzsbo 0BMmmgmHIoL LoTomerols LI sEmmzor®o d60d3zbgermds. dggys© d03009m, G0J
2012-2016 Hrgddo 03wolbol s Mmgd@mddcmol m39700Lm30L 69emzs60 0BMmMgMHToL Lodswery
d9L50590L5¢ 0.215 s 0.50633-000 o@ess 1958-1961 {iergdmsb dgsMgdoom.

BeprukanbHoe pacnpeneienne cpeiHeMeCaYHbIX 3HAYeHU I
TeMIeparypsl Bo3ayxa Haja tepputopueid Kaxeruu (I'py3us) B
HeHTpaJbHbIe Mecsnbl roga 2012-2016 rr.

H.K. :xxampumBuiu, X.3. TapuaamBuiu

Pe3rome

[MpuBoasTCs NaHHbIe 00 U3MEHYHUBOCTH CPEIHUX IMSATUICTHUX 3HAUYECHUH CYTOYHBIX BEIUYHUH TEMIIEPATyPhI
Bo3myxa Hax Kaxerwel I IEeHTpalbHBIX MecsieB roja st nepuoaa ¢ 2012 mo 2016 rr. [IpeacrasieHsr
CTaTUCTHUYECKHUE XapaKTEPUCTHKN TEMIIEPATYPhl BO3IyXa Ha pa3HbIX YPOBHAIX B Auama3zoHe BhICOT OT 0.54 1o
27 xM. B yacTHOCTH, NIpUBEACHBI JAHHBIE O BEPTUKAIBHOM PACIPEACIICHUU CPEAHEMECSUYHBIX 3HAUCHUH
TeMIIepaTyphl BO3AyXa B sIHBape, alpelie, MIoje M OKTAOpE; CpeaHEM 3HAYCHUHM TPAJAUCHTA TEMIIEPaTyphI
BO31yxa JUIS YKa3aHHBIX MecsleB B ciioe arMochepbl or 0.54 10 8.5 KM; cpeIHEMECSYHBbIX 3HAYCHHUSIX
BBICOTHI HYJIEBOM M30TepMbl. OTMEYEHO, YTO BHICOTHI HYJIEBOW U30TEPMBI JUIS UIOJIS M OKTAOpS MECSICB B
2012-2016 coorBerctBerno Ha 0.215 u 0.506 kM BbIlIEe TeX ke Beauuud B 1958-1961 rT.
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