Journal of the Georgian Geophysical Society, ISSN: 1512-1127
Physics of Solid Earth, Atmosphere, Ocean and Space Plasma, v. 21(2), 2018, pp. 77 - 94

Changeability of the Meteorological Parameters Associated with Some
Simple Thermal Indices and Tourism Climate Index in Adjara and
Kakheti (Georgia)

tAvtandil G. Amiranashvili, 2Liana G. Kartvelishvili,
STamari V. Khakhutashvili, ?Lia D. Megrelidze

IMikheil Nodia Institute of Geophysics of lvane Javakhishvili Thilisi State University, Thilisi, Georgia
1, M. Alexidze Str., 0160, Thilisi, Georgia, e-mail:avtandilamiranashvili@gmail.com
2National Environmental Agency of Georgia
3Association 4Science

ABSTRACT

The statistical data about the meteorological parameters, associated with some simple thermal indices and
Tourism Climate Index (TCI) (mean monthly and mean monthly maximum air temperature, mean monthly
and mean monthly minimum air relative humidity, total monthly precipitation, sunshine duration, wind
speed) in eight points of Adjara (Batumi, Kobuleti, Khulo, Goderdzi) and Kakheti (Telavi, Dedoplistskaro,
Kvareli, Sagarejo) in the period from 1961 through 2010 are represented. In particular, the changeability of
the indicated meteorological parameters into 1986+2010 in comparison with 1986+2010 for above
enumerated points is studied.
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Introduction

In the recent decades in view of the unprecedented rate of growth in the air temperature the problem
of climate change on our planet acquired special urgency [1,2]. In this case a change in the air temperature
and other climatic elements has essential (spatial) three-dimensional and temporary heterogeneities both in
the global (Global Land, Global Land of the Northern and Southern Hemisphere, Zonal territories, etc.) [1-5]
and regional (even territory of the small countries with the complex relief) [5-8] scales.

For example, in the work [6] was to identify any possible temperature changes within the last 50
years in the North-Western Italian Alps by examining data from 16 high-altitude weather stations in the
period 1961-2010. The analysis of the temperature values showed an increase in temperature, particularly at
high altitudes sites. In fact, the stations located above 1600 m a.s.l. revealed a rise in temperatures and a
decrease in the number of cold periods. For the maximum temperatures have been observed greater increases
in spring and winter, for minimum temperatures in the summer.

This problem great value has also in Georgia, because of the variety of climatic regions in its territory.
In particular, the research carried out shows that during last decades the mean temperature in the Eastern
Georgia is rising and in Western Georgia it is decreasing [9-12].

For the steady development of different areas of national economy, including health resort- tourist
industry, accounting for climate change has vital importance.

Since the health resort- tourist potential of locality in many respects is determined by its bioclimatic
conditions, it is important to reveal the existing and forthcoming variations in these conditions under the
effect of climate change

In particular, information about the changeability of the different simple thermal indices and Tourism
Climate Index developed by Mieczkowski TCI [13] in the recent decades in different countries (including
some locations of Georgia) is represented in [8,14-22].

Simple thermal indices include more than one meteorological parameter and consider the combined
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action on the human organism of the air temperature, humidity, wind speed etc. [23-29]. For determining of
mean monthly values of TCI following data are necessary: mean and mean maximum air temperature, mean
and mean minimum relative humidity, precipitation, sunshine duration and wind speed [13].

In this work results of investigating of changeability of the mean monthly values of meteorological
parameters, used for determining of TCI values [13] and different simple thermal indices [23-29, etc.] on the
territories of Adjarian Autonomous Republic (below — Adjara) and Kakheti in the period from 1961 through
2010 are represented.

Study Area, material and methods

Studies for four cities of Adjara (Batumi, Kobuleti, Khulo, Goderdzi) and four cities of Kakheti
(Telavi, Dedoplistskaro, Kvareli, Sagarejo) are carried out. Table 1 presents information about coordinates
and heights of the locality of 8 meteorological stations (below — point) in Adjara and Kakheti, whose data
were used in the work. Fig. 1 for the clarity depicts the map of the arrangement of the indicated
meteorological stations.

Table 1
Coordinates and heights of the 8 meteorological stations in Adjara and Kakheti
Location | Latitude, N° | Longitude, E° | Height, m, as.l.
Adjara
Batumi 41.64 41.64 9
Kobuleti 41.82 41.78 3
Khulo 41.64 42.3 921
Goderdzi 41.63 4252 2025
Kakheti
Telavi 41.93 45.48 568
Dedoplistskaro 41.47 46.08 800
Kvareli 41.97 45.83 449
Sagarejo 41.73 45.33 802
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Fig. 1. Locations of eight meteorological stations in Adjara and Kakheti
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In the work data of Georgian National Environmental Agency about monthly mean values of
meteorological parameters in the period from 1961 through 2010 are used.

For the data analysis the standard statistical methods of the studies were used [30]. Designations and
reduction — conventional. The difference between the mean values of the meteorological parameters into
1986-2010 and 1961-1985 with the use of Student's criterion was determined (level of significance not worse
than 0.15).

The following designations are used below: Tmean - mean air temperature (°C), Tmax - Mean maximum

air temperature (°C), RHmean - mean relative humidity (%), RHmin - mean minimum relative humidity (%), P
sum precipitation - (mm), Sq - daily sunshine duration (hour), V - mean wind speed (m/s).

ATmean ..... AV - the difference between the mean values of the meteorological parameters into 1986-
2010 and 1961-1985.

Results and discussion

Results in the Table 2-8 and Fig. 2-15 are presented.

Mean air temperature

Detailed information about the mean annual, half year and monthly air temperature (Tmean) in eight
points of Adjara and Kakheti in Table 2 and in Fig. 2 are represented.

In particular, averaged on the stations Batumi and Kobuleti (coast of Black sea) the air temperature
in all months of cold half-year on 0.6-2.5 °C above average the value of Tmean in Kakheti. In the warm half-
year vice versa - on the average to the station in Kakheti of the value of Tmean 0n 0.3-2.4 °C it is higher than
in Batumi and Kobuleti (Table 2).

Table 2
Data of Tmean (°C) in eight locations of Adjara and Kakheti

Location All data _ M_ean 1961-2010
Mean Year Mean Cold | Mean Warm Min Max Min Max
Batumi 14.5 10.1 19.0 1.8 26.5 6.9 22.8
Kobuleti 13.9 8.9 18.9 1.7 26.5 5.5 23.1
Khulo 10.4 5.1 15.7 -4.1 235 1.2 19.1
Goderdzi 2.6 -3.3 8.5 -12.3 17.4 -7.7 125
Telavi 12.3 5.6 19.0 -4.8 27.5 1.2 23.5
Dedoplistskaro 11.0 4.1 17.8 -6.0 26.3 -0.2 22.6
Kvareli 13.0 6.2 19.7 -4.1 27.6 1.8 24.1
Sagarejo 11.4 4.9 17.9 -5.0 26.2 0.7 22.4

The intra-annual distribution of the values of Tmean for both geographical regions takes the classical
form, characteristic for the northern hemisphere - unimodal distribution close to the symmetrical. January is
the coldest month for all eight points, whereas August is the hottest month in Adjara, and in Kakheti - July
(Fig.2).

In different months the significant changeability of the mean monthly air temperature for the
investigated points of Adjara in 16 cases is observed (for all cases - increase in the values of ATmean), and for
Kakheti - in 22 cases (including for 20 cases - an increase in the values of AT mean).

Let us examine in more detail the nature of the changeability of the values of ATmean in separate
points (Fig. 3).

Batumi - increase in the values of ATmean (July- October); Kobuleti and Goderdzi - increase (June-
October); Khulo — increase (July, August). In Adjara a maximum and minimum increase in this parameter is
observed in Kobuleti (1.6 °C August and 0.5 °C, June).

Telavi - decrease of the values of ATmean (-0.5 °S, May), increase (June, August - October);
Dedoplistskaro - decrease (-0.6 °S, May), increase (March, June - October); Kvareli and Sagarejo - increase
of the values of ATmen (March, June, August - October). In Kakheti a maximum increase of the indicated
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parameter into Dedoplistskaro (1.7 °C, August), and minimum - in Telavi and Kvareli (0.6 °C, September) is
observed.
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Fig. 2. Mean values of T, in eight locations of Adjara and Kakheti in 1961-2010
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Fig. 3. Difference between the mean values of T, into 1986-2010 and 1961-1985 in
eight locations of Adjara and Kakheti

Thus, in both investigated regions is noted the explicit process of the warming-up of climate. In
Adjara the values of ATean are varied from 0.5 to 1.6 °C, amplitude - 1.1 °C, while in Kakheti - from -0.6 to
1.7 °C, amplitude - 2.3 °C. On the average to the station with the significant changeability of the mean
monthly air temperature in Adjara the value of ATmean grows on 1.0 °C, while in Kakheti - on 0.8 °C.
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Mean maximum air temperature

Data about the mean annual, half year and monthly maximum air temperature (Tmax) in table 3 and
Fig. 4 are represented.

Averaged on the stations of Batumi and Kobuleti value of Tmax from April through October on 0.6-
2.2 °C above average the value of the maximum air temperature in Kakheti. The average to the station in
Kakheti value of Tmax 0n 0.6-3.6 °C it is higher than in the Batumi and Kobuleti in the warm half-year (Table
3).

Table 3
Data of Tmax (°C) in eight locations of Adjara and Kakheti
Location All data Mean 1961-2010
Mean Year | Mean Cold | Mean Warm Min Max Min Max
Batumi 18.7 14.4 23.0 5.1 30.5 10.8 26.4
Kobuleti 18.7 14.1 23.3 5.8 31.1 10.4 27.0
Khulo 16.0 9.9 22.1 -0.1 31.4 5.3 25.4
Goderdzi 6.8 0.3 13.4 -9.2 23.4 -4.6 17.5
Telavi 17.7 10.5 24.9 0.0 34.6 5.7 29.4
Dedoplistskaro 16.4 9.2 23.7 -0.8 34.0 4.6 28.5
Kvareli 18.7 11.4 26.0 0.3 35.5 6.6 30.6
Sagarejo 17.0 10.0 24.0 -0.8 33.3 5.4 28.4
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Fig. 4. Mean values of T, in eight locations of Adjara and Kakheti in 1961-2010

The intra-annual distribution values of Tmax is analogous to the motion of the values of Tean Tor all 8
points of Adjara and Kakheti (Fig. 4). As in the preceding case, the smallest values of Tmax for all eight
points during January are observed, and the greatest values of Tmax in Adjara during August, and in Kakheti -
during July are observed (Fig. 4).

The changeability of the mean monthly maximum air temperature for four points of Adjara in 11
cases (including for 10 cases - increase of the values of ATwmax), and for Kakhetii - in 18 cases (including for
17 cases - an increase on the values of ATmax ) are observed.

The information about the changeability of the values of ATmax in Separate points is presented lower

(Fig. 5).

81




m Goderdzi mKhulo Kobuleti mBatumi mTelavi m Dedoplistskaro Kvareli m Sagarejo

Sagarejo
‘ Kvareli
Dedoplistskaro
3 ‘ ‘ ‘ Telavi
l \ ‘ Batumi
2 ' » Kobuleti
%) 1 ‘ Khulo
é 0 Goderdzi
lzl HN® IO ON~OO0 dNN®P
-1 Month 43T

Fig. 5. Difference between the mean values of T,,,, into 1986-2010 and 1961-1985 in eight
locations of Adjara and Kakheti

Batumi - increase of the values of ATmax (July, August), decrease (-0.9 °C, November); Kobuleti -
increase (June - October); Khulo - increase (July, August); Goderdzi - increase (August). In Adjara a
maximum increase of the values of ATmax into Kobuleti (1.9 °C, August), the minimum - in Kobuleti and by
Batumi (0.6 °C, June and July respectively) are observed.

Telavi — increase of the values of ATmax (March, June- October); Dedoplistskaro - increase (June-
October); Kvareli - increase (March, June, August - October); Sagarejo - decrease (-0.7 °C, May), increase
(August). In Kakheti the greatest increase of the values of ATmax is noted into Dedoplistskaro (2.1 °C,
August), smallest - in Telavi and Kvareli (0.8 °C, July and September respectively).

As a whole, in Adjara the values of ATmax change from -0.9 to 1.9 °C, amplitude - 2.8 °C, while in
Kakheti - from -0.7 to 2.1 °C, amplitude - also 2.8 °C. On the average to the station with the significant
changeability of the mean monthly maximum air temperature in Adjara the values of AT max grows on 1.0 °C,
while in Kakheti - on 1.1 °C.

Mean air relative humidity

Data about the mean annual, half year and monthly air relative humidity (RH mean) in Table 4 and Fig.
6 are represented.

Averaged for Batumi and Kobuleti the air relative humidity from March through October by 1.7-
15.1% higher than the values of RHmean in Kakheti. During November and December the values of RHmean
in Batumi and Kobuleti for 1.6 and 0.3 % are lower than on the average for four points of Kakheti. During
January the differences is not observed (Table 4).

Table 4
Data of RHmean (%) in eight locations of Adjara and Kakheti

Location All data _ M_ean 1961-2010
Mean Year | Mean Cold | Mean Warm Min Max Min Max
Batumi 75.2 71.3 79.0 54.6 89.0 67.5 80.7
Kobuleti 82.6 82.1 83.1 72.7 90.0 80.4 84.2
Khulo 719 70.2 73.7 38.2 91.0 65.6 79.0
Goderdzi 87.5 88.9 86.0 61.3 99.6 83.3 91.9
Telavi 70.3 73.2 67.4 46.5 88.5 64.7 75.8
Dedoplistskaro 76.1 79.9 72.3 44.1 95.4 67.7 81.4
Kvareli 75.2 79.4 71.1 51.4 91.6 68.0 81.9
Sagarejo 67.1 69.7 64.4 46.0 90.0 61.6 72.9
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Fig. 6. Mean values of RH .., in eight locations of Adjara and Kakheti in 1961-2010

The intra-annual distribution of mean monthly air relative humidity in Batumi significantly differs
from the intra-annual motion of the values of RHmean in Kobuleti, Khulo, Goderdzi and four points of
Kakheti (Fig. 6).

In Batumi the distribution of RHpean it is close to the unimodal with the plateau (greatest values)
from May through September (79-81%) and the minimum in January - December (68-69%); amplitude -
13%. In Kobuleti this distribution is close to the uniform with the maximum during October (84%) and the
minimum during February (80%); amplitude - 4 %. In Khulo distribution of RHmean iS unimodal with the
weak peaks on the edges, has maximum during July-August (79%) and smallest values during April and
November (69%); amplitude - 10 %. In the point Goderdzi this distribution is close to the wave with the
basic maximum in January - February (92%), the second maximum during July - August (89%) and two
minimums - during May and October (83%); amplitude - 9 %.

In Kakheti for all points the intra-annual distribution of RHmean takes the form of the asymmetrical
inverted bell, with the right displacement. For the indicated points of Kakheti in the intra-annual course of
relative humidity the minimum is observed in July-August (64-69 %), and the greatest values of RHmean - in
winter (72-81%); amplitude - 17 %.

In different months the significant changeability of the mean monthly air relative humidity for the
indicated points of Adjara in 16 cases (including for 8 cases - increase of the values of ARHmyen) are
observed, and for Kakheti - in 24 cases (including for 14 cases - an increase of the values of ARHmean).

The changeability of the values of ARHmean in the separate points is the following (Fig. 7).

Batumi - increase of the values of ARHmean (January), decrease (May, July - September); Kobuleti -
increase (June), decrease (July - September); Khulo - decrease (September); Goderdzi - increase (February-
April, June, July, December). In Adjara a maximum increase of the values of ARHmean is observed in
Goderdzi (3.1 %, April), minimum - in Kobuleti (0.8 %, June).

Telavi - decrease of the values of ARHmean (March), increase (October - December); Dedoplistskaro -
decrease (March); Kvareli - increase (all months, except July); Sagarejo - decrease (February- September).
In Kakhetii a maximum increase of the values of ARHmean is observed in Kvareli (5.4 %, January), minimum
- in Kvareli and Telavi (2.5 %, September and October respectively). The greatest decrease of the values of
ARHmean is 0bserved into Sagarejo (-5.8 %, March), smallest - also into Sagaredzho (-2.1 %, May).
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Fig. 7. Difference between the mean values of RH ., into 1986-2010 and 1961-1985 in
-6 eight locations of Adjara and Kakheti

In Adjara the values of ARHmean Varyed from -3.6 to 3.1 %, amplitude - 6.7 %, while in Kakheti -
from -5.8 to 5.4 %, amplitude - 11.2%. On the average to the station with the significant changeability of the
average monthly air relative humidity in Adjara the value of ARHmean grows by 0.1 %, while in Kakheti -
0.7 %.

Mean minimum air relative humidity

Data about the mean annual, half year and monthly minimum air relative humidity (RHmin) in Table
5 and Fig. 8 are represented.

Average for Batumi and Kobuleti the minimum air relative humidity for all months of year by 1.8-
18.7% is higher than the values of RHmin in Kakheti.

Table 5
Data of RHmin (%) in eight locations of Adjara and Kakheti

Location All data _ Mean 1961-2010
Mean Year Mean Cold | Mean Warm Min Max Min Max
Batumi 69.2 66.4 71.9 48.4 82.1 63.8 73.7
Kobuleti 73.5 72.3 74.6 57.2 85.3 71.4 76.5
Khulo 60.8 62.2 59.4 33.2 86.8 53.2 66.9
Goderdzi 80.4 84.2 76.7 48.0 99.3 72.8 89.5
Telavi 56.9 61.6 52.2 32.0 78.2 48.7 65.5
Dedoplistskaro 63.7 67.9 59.5 36.2 88.5 55.4 69.8
Kvareli 60.3 66.1 54.5 32.9 87.0 51.4 70.9
Sagarejo 53.7 57.7 49.7 314 78.8 46.8 60.3

84




90
85
80
7
© 7

0,
[o2]
g O o

6
5
5
45

o o1 O

In Batumi distribution of RHmin is close to the unimodal with the maximum during July (74%) and
the minimum during December (64%); amplitude - 10 %. As in the preceding case, in Kobuleti this
distribution closely to the uniform with the maximum during May (77%) and the minimum during February
(71 %); amplitude - 6%. In Khulo the intra-annual distribution of RHmin takes the form of asymmetrical wave
with the maximum during December (67 %) and the smallest value during April (53 %); amplitude - 14 %.
In Goderdzi this distribution it takes the form of the convex inverted bell with the basic maximum in
December - January (89%), the second maximum during July - August (80-81 %) and two minimums -
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Fig. 8. Mean values of RH,,;;,, in eight locations of Adjara and Kakheti in 1961-2010

during May and September - October (73%); amplitude - 8 % (Fig. 8).

For all points of Kakheti the intra-annual distribution of RHmi is similar to the motion of RHmean
In the intra-annual course of minimum relative humidity the smallest values it is observed in July-

(Fig. 6).

August (47-57 %), and the greatest values of RHmean - in winter (57-71 %); amplitude - 24 % (Fig. 8).
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In different months the significant changeability of the mean monthly minimum air relative humidity
for four points of Adjara is observed in 17 cases (including for 8 cases - increase of the values of ARHmin),
and for Kakheti - in 21 case (including for 13 cases - an increase of the values of ARHmin).

In the separate points the nature of the changeability of the values of ARHmin is following (Fig. 9).

Batumi - decrease of the values of ARHmin (April, May, July - September, November); Kobuleti -
increase (January, December), decrease (July- September); Khulo - changes are not meant; Goderdzi -
increase (January - April, June, December). In Adjara a maximum increase of the values of ARHpmin is
observed in Goderdzi (4.7 %, February), minimum - in Kobuleti (1.6 %, December). The greatest decrease
of the values of ARHmin is observed in Batumi (-3.6 %, September), smallest - in Kobuleti (-1.1 %, July).

Telavi - decrease of the values of ARHmin (March, June), increase (October, November);
Dedoplistskaro - decrease (March); Kvareli - increase (all months, except July); Sagarejo - decrease
(February- April, June, September). In Kakheti a maximum increase of the values of ARHmin is observed in
Kvareli (6.4 %, January), minimum - in Telavi (2.2 %, October). The greatest decrease of the values of
ARHmin is observed into Sagarejo (-4.7 %, March), smallest - in Telavi (-2.3 %, June).

In Adjara values of ARHmin changes from -3.6 to 4.7 % (amplitude - 8.3 %), while in Kakheti - from
-4.7 t0 6.4 % (amplitude - 11.1 %). On the average to the station with the significant changeability of the
mean monthly minimum air relative humidity in Adjara the value of ARHmin grows by 0.4 %, while in
Kakheti - to 1.7 % (Fig. 9).

Sum of atmospheric precipitations

Data about mean annual, half year and monthly minimum monthly total precipitation (P) in table 6
and Fig. 10 are represented.

Averaged for the Batumi and Kobuleti monthly total precipitation from January through April and
from June through December on 7.2-143.7 mm higher than the values of P in Kakheti. Only during May
value of P in Batumi and Kobuleti on 21.9 mm lower than on the average for four points of Kakheti.

Table 6
Data of P (mm) in eight locations of Adjara and Kakheti

Location All data _ M_ean 1961-2010
Mean Year Mean Cold | Mean Warm Min Max Min Max
Batumi 207.4 2443 170.5 0.0 657.8 89.6 310.1
Kobuleti 194.2 216.6 171.8 10.0 627.9 86.1 286.2
Khulo 116.3 148.6 83.9 0.5 627.6 68.1 174.5
Goderdzi 108.8 114.6 102.9 7.7 361.4 82.2 130.2
Telavi 64.2 415 86.9 0.0 240.1 25.6 113.6
Dedoplistskaro 50.8 35.7 65.9 0.0 213.8 24.3 96.8
Kvareli 80.8 57.5 104.0 0.0 313.9 36.2 126.9
Sagarejo 64.0 45.5 82.5 0.0 286.6 28.5 104.7

In Batumi and Kobuleti the intra-annual distribution total precipitation takes the form of the
asymmetrical inverted bell with the left displacement and with the plateau from the right edge. In Batumi the
minimum of value P is observed during May (90 mm) and greatest values - in September - December (290-
310 mm); amplitude - 220 mm. In Kobuleti this distribution has the more clearly expressed maximum
during September (286 mm) and a minimum also during May (86 mm); amplitude - 200 mm. In Khulo
distribution of P has the type of the flattened inverted bell with the convexity during June (94 mm) and
plateau in November - December (171-174 mm). It is observed by the minimum of values of P during July-
August (68-69 mm); amplitude - is 106 mm. In Goderdzi this distribution has a nature, similar to the two-
wave, with basic maximum during June and October (125 and 130 mm), and by two minimums - during
April and August (82 and 95 mm); amplitude - 48 mm (Fig. 10).

For all points of Kakheti the intra-annual motion of monthly total precipitation takes the bimodal
form with the left asymmetry, with the extrema in May-June (89-127 mm) and in August - October (53-94
mm) and by the minimum - in December- January (25-47 mm); amplitude - 102 mm (Fig. 10).
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Fig. 10. Mean values of P in eight locations of Adjara and Kakheti in 1961-2010

In different months the significant changeability of mean monthly total precipitation for four points
of Adjara is observed in 10 cases (including only for 3 cases - increase in the values of AP), and for Kakheti -
inall in 6 cases (including only for 2 cases - an increase in the values of AP).

In the separate points the following changeability of mean monthly total precipitation is observed
(Fig. 11).
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Fig. 11. Difference between the mean values of P into 1986-2010 and 1961-1985 in eight
locations of Adjara and Kakheti

Batumi - decrease of the values of AP (April, June); Kobuleti - decrease (April); Khulo - increase
(January, July, September); Goderdzi - decrease (March- May, August). In Adjara a maximum increase of
the values of AP is observed into Khulo (61 mm, January), the minimum - also in Khulo (19 mm, July). The
greatest decrease of the values of AP is observed into Kobuleti (-34 mm, April), the smallest - in Batumi (-20
mm, April).
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Telavi - decrease of the values of AP (July), increase (October); Dedoplistskaro - decrease (June);
Kvareli - the significant changes is not observed; Sagarejo - decrease (July, August), increase (October). In
Kakheti a maximum increase in the values of AP is observed into Sagarejo (17 mm, October), minimum - in
Telavi (14 mm, October). The greatest decrease of the values of AP is observed into Dedopltstskaro (-36
mm, June), smallest - in Telavi (-21 mm, July).

In Adjara the values of AP is varied from -34 to 61 mm (amplitude - 95 mm), while in Kakheti -
from -36 to 17 mm (amplitude - 53 mm). On the average to the station with the significant variability of
monthly precipitation in Adjara the value of AP diminishes on 8 mm, while in Kakheti - on 12 mm.

Monthly daily sunshine duration

The data about the mean annual, half year and monthly daily sunshine duration (Sq) in Table 7 and
Fig. 12 are represented.

Averaged for Batumi and Kobuleti monthly daily sunshine duration during April and from
September through November by 0.2-0.7 hour of higher than the values of Sy in Kakheti; during February the
differences is not observed. In the remaining months of value of Sy in Batumi and Kobuleti for 0.3-2.5 hour
lower than on the average for four points of Kakheti.

Table 7
Data of Sq (hour) in eight locations of Adjara and Kakheti
Location All data Mean 1961-2010
Mean Year | Mean Cold | Mean Warm Min Max Min Max
Batumi 5.2 4.0 6.4 1.2 9.8 3.2 7.5
Kobuleti 5.2 4.0 6.5 1.2 10.2 3.1 7.9
Khulo 5.6 4.4 6.7 1.2 10.0 3.3 7.7
Goderdzi 5.4 4.2 6.6 1.2 9.7 3.3 7.3
Telavi 5.7 4.2 7.3 15 12.0 3.6 8.5
Dedoplistskaro 5.7 4.1 7.3 1.3 11.6 3.4 8.4
Kvareli 5.8 4.0 7.6 1.3 11.7 3.2 8.8
Sagarejo 6.1 4.6 7.6 2.1 11.9 3.9 8.9
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Fig. 12. Mean values of S in eight locations of Adjara and Kakheti in 1961-2010
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In Adjara the intra-annual distribution of monthly daily sunshine duration takes the bimodal form
with the extrema during June and September, respectively: Batumi - 7.5 and 6.4 hour; Kobuleti - 7.9 and 6.5
hour; Khulo - 7.7 and 7.1 hour; Goderdzi - 7.2.and 7.3 hour. Minimum values of Sq for all points of Adjara
are observed in December - January (3.1-3.5 hour). Amplitude: Batumi - 4.4 hour, Kobuleti - 4.8 hour,
Khulo - 4.4 hour, Goderdzi - 3.9 hour (Fig. 12).

In Kakheti intra-annual distribution of Sy for all points takes the single-modal form close to the
symmetrical with the plateau during June-August. Values of Sq in these months comprise: in Telavi - 8.2-
8.5 hour; Dedoplistskaro - 8.0-8.4 hour; Kvareli - 8.4-8.8 hour; Sagarejo - 8.6-8.9 hour. The smallest values
of Sy in Kakheti in December - January (3.2-4.0 hour) are observed. Amplitude: Telavi - 4.9 hour;
Dedoplistskaro - 5.0 hour; Kvareli - 5.5 hour; Sagarejo - 5.0 hour (Fig. 12).
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Fig. 13. Difference between the mean values of S, into 1986-2010 and 1961-1985 in eight
locations of Adjara and Kakheti

In different months the significant changeability of the values of ASy for four points of Adjara is
observed in 16 cases (including for 12 cases - increase in the values of ASy), and for Kakheti - in 11 cases
(including only for 4 cases - an increase in the values of ASq for all points during March).

The changeability of the values of ASq in the separate points is the following (Fig. 13).

Adjara - an increase of the values of ASy is observed for all points during March, July and September
(range - from 0.4 to 0.6 hour), and decrease, also for all points - during December (range - from -0.3 to - 0.4
hour).

Telavi — increase of the values of ASy (March), decrease (April, June, July); Dedoplistskaro -
increase (March), decrease (June); Kvareli - increase (March), decrease (October); Sagarejo - increase
(March), decrease (June, October). In Kakheti a maximum increase of the values of ASq is observed into
Dedoplistskaro (1.1 hour, March), minimum - into Sagarejo (0.6 hour, March). The greatest decrease of the
values of ASy is observed in Telavi (-0.7 hour, June), smallest - in Kvareli (-0.4 hour, October).

In Adjara the values of ASq change from -0.4 to 0.6 hours (amplitude - 1.0 hour), while in Kakheti -

from -0.7 to 1.1 hour (amplitude - 1.8 hour). On the average to the station with the significant changeability
of mean monthly daily sunshine duration in Adjara the value of ASq grows by 0.3 hour, while in Kakheti -
it diminishes for 0.1 hour.

Mean wind speed

Data about mean annual, half year and monthly values of wind speed (V) in Table 8 and Fig. 14 are
represented.

Averaged for Batumi and Kobuleti wind speed for all months of year on 0.8-1.5 m/s is higher than
the values of V in Kakheti.
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Table 8
Data of V (m/s) in eight locations of Adjara and Kakheti

Location All data Mean 1961-2010
Mean Year Mean Cold | Mean Warm Min Max Min Max
Batumi 1.7 1.8 1.7 0.5 3.0 15 2.1
Kobuleti 3.0 3.1 2.9 1.4 5.9 2.6 3.5
Khulo 1.9 2.1 1.7 0.7 3.8 1.5 2.3
Goderdzi 4.8 5.4 42 1.9 9.6 4.0 6.3
Telavi 1.4 1.3 15 0.3 3.2 1.2 1.7
Dedoplistskaro 1.5 1.5 15 0.2 4.6 1.3 1.8
Kvareli 0.9 0.9 1.0 0.2 2.1 0.7 1.1
Sagarejo 1.6 1.6 15 0.4 4.4 14 1.7
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Fig. 14. Mean values of V in nine locations of Adjara and Kakheti in 1961-2010

In Batumi the intra-annual distribution of mean monthly value of wind speed is close to the uniform.
In Kobuleti this distribution takes the form of weak asymmetrical wave. In Khulo distribution of values of V
has the type of the flattened inverted bell. In Goderdzi this distribution takes the form of the asymmetrical
inverted bell with the convexity in May-June. Boundary values of V respectively comprise: in Batumi - 2.1
m/s (October) and 1.5 m/s (August), the amplitude - 0.6 m/s; Kobuleti - 3.5 m/s (January) and 2.6 m/s
(September), amplitude - 0.9 m/s; Khulo - 2.3 m/s (January) and 1.5 m/s (July, August), amplitude - 0.8
m/s; Goderdzi - 6.3 m/s (January) and 4.0 m/s (April, August), amplitude - 2.3 m/s (Fig. 14).

In Kakheti the intra-annual distribution of values of V for Telavi takes the form close to the
unimodal with the left asymmetry. In Dedoplistskaro and Kvareli this distribution is close to the bimodal,
also with the left asymmetry. In Sagarejo the intra-annual distribution of values of V takes the form of the
asymmetrical inverted bell with the extrema during December-February and the minimum during July-
August (Fig. 14).

In different months of the significant changeability of mean monthly wind speed for the investigated
points of Adjara are observed in 30 cases (including for 27 cases - decrease of values of AV), and for
Kakheti - in 44 cases (decrease of values of AV for all points). In the separate points the changeability of
values of AV is following (Fig. 15).
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Batumi - decrease of values of AV (February, November, December), increase (July - September);
Kobuleti - decrease (June - October); Khulo - decrease (all months); Goderdzi - decrease (February - April,
August - October, December). In Adjara a maximum and minimum increase of the values of AV is observed
in Batumi (0.2 m/s, September and 0.1 m/s, July, August). The greatest decrease of values of AV is observed
in Goderdzi (-1.2 m/s, February), smallest - in Batumi (-0.1 m/s, November).

In Kakheti at all stations is noted the decrease of values of AV, in Telavi, Kvareli and Sagarejo - for
all months, into Dedoplistskaro - during February and from May through October. In Adjara values of AV
are varied from -1.2 to 0.2 m/s (amplitude - 1.4 m/s), while in Kakheti - from -0.9 to -0.3 m/s (amplitude -
0.6 m/s). On the average to the station with the significant changeability of wind speeds both in Adjara and
in Kakheti values of AV decrease on 0.5 m/s.

Conclusion

The carried out analysis again testifies about the variety of the climatic conditions of the Georgia and
their uniqueness. Even in the limits of one and the same locality on the adjacent points are essential
differences in the values of different meteorological parameters and their changeability. Accordingly, this
causes the need for a detailed study of the climatic and connected with them bioclimatic conditions and their
changeability in different geographical regions of the Georgia both from the point of view of action to the
health of population and in the aspect of the development of different branches of the national economy of
state, including of health resort- tourist industry.
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N3MeHYUBOCTHL METEOPOJIOTHYECKHUX IIAPAMETPOB, ACCOLMUPOBAHHBIX
C HEKOTOPbIMHU NMPOCTHIMHU TEPMAJTbHBIMUA UHIEKCAMH H
KJAMMATHYECKUM MHAECKCOM Typu3Ma, B Ajxkapuu u Kaxerun

(C'py3usn)
A.I'. AmupanamBuian, JI.I'. Kapreeaumsuian, T.B. Xaxyramsuiu,
JI.II. Merpeanaze

Pe3rome

[IpencraBneHpl CTaTHUCTUYECKHE JaHHBIE O METEOPOJIOTHYECKUX IapaMeTpax, acCOLMHUPOBAaHHBIX C
HEKOTOPBIMHU IPOCTHIMHU TEPMaIbHBIMU MHACKCAMH U KJIIMMATUYECKUM HMHIEKCOM Typu3Ma (CpeJHeMecsaHas
W cpegHEMecsS4Has MaKCHUMajbHas TeMIeparypa BO3AyXa, CpeJHEMecsiuHash W CpeJHeMecsdHas
MUHUMAaJIbHAs OTHOCHTENbHAs BIAXXHOCTh BO3[yXa, MECAYHass CyMMa OCaJKOB, IPOJOJKUTEIBHOCTH
COJIHEYHOTO CUSTHHS, CKOPOCTh BETpa) B BocbMuU IyHKTax Amkapuu (barymu, Kobyneru, Xyno, ['ogepazn) u
(Kaxetnn Tenasu, Jemommucukapo, Ksapemu, Carapemxo) B mepuoxn ¢ 1961 mo 2010 rr. B uwactHOCTH,
M3y4YeHa M3MEHUYMBOCTh YKa3aHHBIX METEOpPOJIOrHueckux mapamerpoB B 1986+2010 rr. mo cpaBHEHUIO C
1961+1985 rT. 111 TEPEYNCIIEHHBIX BBIIIE TyHKTOB.
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