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ABSTRACT

A detailed statistical analysis of the total number of dry months (N) in Eastern Georgia in 1936-2023 using the SPI-3
index < 0 (agricultural drought) and an assessment of the variability of this number until 2045 is presented. Data from
18 meteorological stations on monthly precipitation sums were used. In particular, the following results were obtained.
The features of intra-annual distribution of monthly N values in Eastern Georgia in 1936-2023 (Full period), 1936-
1975 (I period) and 1984-2023 (Il period) were studied. Overall, in the second period compared to the first for all
stations, a trend of increasing aridity was observed in 136 cases (months), decreasing in 65 cases, and remaining
constant in only 15 cases. In other words, the overall trend is toward increasing aridity.

Statistical analysis of N values in spring-autumn period was conducted. In the second period of time compared to the
first, mean N values in spring-autumn period for Paravani, Tsalka, Bolnisi, Sagarejo, Gurjaani, Kvareli, Tianeti,
Pasanauri and Stepantsminda are significant increase (aridity tendency). Only at one station (Lagodekhi) is observed
significant decrease of this difference (wetting tendency). Insignificant variability of the values of N in second period
compared to first are observed at the 8 stations: Gardabani, Thilisi, Dedoplistskaro, Telavi, Gudauri, Gori, Khashuri
and Shovi.

Statistical forecasting of N values in spring-autumn period up to 2045 was carried out. At all stations, except Thilisi,
Lagodekhi and Shovi in 2026-2045 compared to 2004-2023 on average, an increase in drought is expected.

Key words: SPI, atmospheric precipitation, drought risk, climate change, correlation and regression analysis.
Introduction

Drought is a phenomenon of prolonged water shortage, whether atmospheric (below-average
precipitation), surface water, or groundwater. Drought can last for months or years. Atmospheric (or
meteorological) droughts occur when an area receives below-average precipitation over an extended period.
Meteorological droughts typically precede other types of drought. Agricultural droughts affect crop yields or
the ecology of a habitat. Hydrological droughts occur when water reserves in sources such as aquifers, lakes,
and reservoirs fall below the threshold required to support vegetation in the region
[https:/imww.google.com/search?client=opera&qg=3acyxa&sourceid=opera&ie=UTF-8&0e=UTF-8].

Currently, a large number of simple and complex indices for drought research exist [1]. Among
these, one of the most commonly used is the so-called Standardized Precipitation Index (SPI), which the
World Meteorological Organization recommended in 2009 as a starting point for monitoring meteorological
droughts [2]. Calculating this index requires only precipitation information. The SPI is based on the
probability of precipitation on any time scale. The probability of observed precipitation is then converted into
an index. It is used in research and operational settings in more than 70 countries. A dedicated free program
is used to calculate the SPI [3].

The SPI was developed to quantify precipitation deficits over multiple time scales or moving
average windows. Meteorological conditions and soil moisture (in agriculture) respond to precipitation
anomalies on relatively short time scales, such as 1-6 months. River runoff, reservoirs, and groundwater
respond to longer precipitation anomalies, ranging from 6 months to 24 months or more. The SPI index for
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1 or 2 months can be considered for meteorological drought, the SPI for a period of 1 to 6 months for
agricultural drought. The SPI for a period of 6 to 24 months or more is used for the analysis and application
of hydrological droughts [2].

In recent years, a significant number of studies on SPI variations (often in combination with other
indices) have been conducted in various countries worldwide to analyze the above-mentioned drought types
[4-8]. In particular, the review [8] systematically evaluates research on meteorological drought trends in Iran,
focusing on the Standardized Precipitation Index (SPI) and the non-parametric Mann-Kendall (MK) test.
Thirteen relevant articles were analyzed, and SP1 data from 1951 to 2019 were reviewed. The review indicates
that drought severity in Iran has generally increased over the past decades, particularly in arid and semi-arid
regions. Northern Iran and the Caspian Sea region have not experienced significant changes, whereas the
southern, southwestern, southeastern, eastern, and central regions have shown pronounced drought trends.
The drought pattern in Iran is heterogeneous: northern regions display a slow trend with more variable and
less predictable behavior, while the eastern and southern arid regions exhibit an increasing intensity and
duration of drought periods.

Similar work is being carried out in Georgia [9-16], taking into account local climate changes [17-
20]. For example, in our work [15] a detailed analysis of SPI variability for three months (agriculture drought)
in eastern Georgia based on observations at 18 meteorological stations from 1936 to 2023 is presented. Study
area covers 7 regions of eastern Georgia, including its capital - Thilisi. The SPI values for seven categories
was determined for three time periods (1936-2023; 1936-1975, first period; 1984-2023, second period) and
probability of drought recurrence for the same time periods was determined for four categories of SPI.

In particular, it was found that in 1936-2023 that 13 points (Paravani, Tsalka, Bolnisi, Thilisi,
Sagarejo, Gurjaani, Kvareli, Telavi, Tianeti, Pasanauri, Gudauri, Stepantsminda and Khashuri) show a
significant negative linear trend in SPI values. No significant changes in SPI values are observed in 4 points
(Gardabani, Dedoplistskaro, Gori and Shovi). Only one point shows a positive linear trend in SPI values
(Lagodekhi).

The general tendency towards aridity processes for all SPI ranges (a decrease in the difference in
the repetition of SPI values in the range of categories “Extremely Wet” — “Moderately Wet” and an increase
in the difference in this repetition in the range of categories “Moderately Dry” — “Extremely Dry”) in the
second period of time compared to the first is observed on average for eastern Georgia and for the following
points: Paravani, Tsalka, Thilisi, Sagarejo, Tianeti, Pasanauri, Gudauri, Khashuri. Analysis of number of
times in 100 years for different SPI category show that for category “Extreme Dryness” - N (EXxtr) - in 1984-
2023, compared to 1936-1975 only four points (Lagodekhi, Gudauri, Gori, Shovi) had N (Extr) values less
than critical value 2.5. In the remaining points, in the second period, the N (Extr) values were equal to or
exceeded 2.5. The average N (Extr) values in the first period were 2.4, in the second — 3.0 (a general tendency
for extreme drought to increase above the critical value).

In our other work [16] work detailed statistical analysis of the duration of drought periods D
(months) normalized per decade for four SPI-3 categories (agriculture drought; SPI <-1.0, <-1.5,<-2.0 and
<-2.5) in Eastern Georgia based on observations at the same18 meteorological stations during 1936-2023 is
presented. The statistical characteristics of D values in 1936-2023, 1936-1975 and 1984-2023 were
compared. The variability of D values in 1984-2023 compared to 1936-1975 (AD) was assessed. In particular,
it was found that AD values are different at different points. On average, for eastern Georgia, AD values for
all SPI categories, except < -2.5, are increasing (i.e., an increase in the duration of droughts is observed).

This work is a continuation of two previous studies [15,16]. A detailed statistical analysis of the
total number of dry months in Eastern Georgia in 1936-2023 using the SPI-3 index < 0 (agricultural drought)
and an assessment of the variability of this number until 2045 is presented below.

Study area, material and methods

Study area — Eastern Georgia (EGeo), 18 meteorological stations: Paravani (Par), Tsalka (Ts),
Bolnisi (Bol), Gardabani (Gar), Thilisi (Tb), Sagarejo (Sag), Gurjaani (Gur), Dedoplistskaro (Ded),
Lagodekhi (Lag), Kvareli (Kv), Telavi (Tel), Tianeti (Tian), Pasanauri (Pas), Gudauri (Gud), Stepantsminda
(St), Gori (Gori), Khashuri (Kh) and Shovi (Sh). The altitude range of meteorological stations is from 362
(Lag) to 2194 (Gud) m a.s.l. Study area covers 7 regions of Georgia, including its capital - Thilisi. Information
on coordinates and altitudes above sea level of these meteorological stations in [15] is presented.

Data of the Georgian National Environment Agency about monthly sum of atmospheric
precipitation in the period from 1936 to 2023 are used. Missing data in the observation series were
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reconstructed using the standard method [21], taking into account representativeness of data from
meteorological stations in Georgia for monthly sum of atmospheric precipitation around of these stations
[22].

SPI was determined using a special program [3] for 3 months (SPI-3, agriculture drought; below —
SPI). The object of the study is the total number of dry months (N) for individual stations in Eastern Georgia
with SPI-3 index values < 0 (agricultural drought) both in terms of their intra-annual distribution (from
January to December) and for the year as a whole, and for the agricultural season (March-November).

In the proposed work the analysis of data is carried out with the use of the standard statistical analysis
methods of random events and methods of mathematical statistics for the non-accidental time-series of
observations [21,23,24].

Forecasting the total number of dry months per agricultural season was performed using the AAA version
of the exponential smoothing (ETS) algorithm taking into account the periodicity in the pre-forecast time
series [25].

The total number of dry months (N) was determined for three time periods (1936-2023, full period,;
1936-1975, first (1) period; 1984-2023, second (Il) period). AN - difference between total number of dry
months in 1984-2023 and 1936-1975.

The following designations (in addition to those already indicated) will be used below: Mean —
average values; Min — minimal values; Max - maximal values; Range — Max — Min; St Dev - standard
deviation; C,, - coefficient of variation, %; R — coefficient of linear correlation; R? — coefficient of
determination; Forecast - forecast center point; 68%_Upp and 68%_Low - upper and lower levels of mean
values of studied parameters; o - the level of significance; Kpw — Durbin-Watson statistic; a and b -
coefficients of the linear regression equation a-x + b.

Comparison of mean values of N in two forty-year of time (1984-2023 and 1936-1975) was
produced with the use of Student's criterion with the level of significance a not worse than 0.3.

The degree of correlation was determined in accordance with [23]: very high correlation (0.9 <R <
1.0); high correlation (0.7 < R < 0.9); moderate correlation (0.5 <R < 0.7); low correlation (0.3 < R< 0.5);
negligible correlation (0 <R < 0.3).

Results and discussion

Results in Fig. 1-8 and Tables 1-4 are presented.

1936-2023

4(1 S
37
33 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Par 48 54 49 45 47 48 43 45 44 47 44 42
Ts 45 42 44 40 46 47 40 45 44 50 44 45
Bol 43 42 43 43 41 43 ) 45 48 45 38 41
Gar 36 44 45 43 41 47 46 48 44 42 41 36
—%—Tb 42 42 42 43 40 47 46 48 44 44 44 42
Sag 37 42 47 42 45 44 50 47 45 45 41 43
——Gur 39 40 44 37 38 45 39 46 40 44 42 45
—=—Ded 40 40 48 45 43 43 43 43 42 et 42 47
Lag 44 42 42 42 44 44 45 46 40 47 49 48
—o—Kv 42 44 39 40 41 43 47 48 43 44 44 43
—m—Tel 44 44 42 40 43 45 45 47 A4 41 45 44
—&—Tian 46 40 49 43 47 46 45 42 43 44 43 42
Pas 48 46 48 43 43 41 41 45 49 46 46 42
Gud 48 45 45 < 45 38 41 42 46 45 B 41
St 45 41 45 45 50 41 39 41 43 42 45 42
Gori 42 38 43 47 50 45 46 42 47 38 46 38
——Kh 43 40 43 45 41 4z 47 42 42 38 40 40
Sh 45 51 43 47 49 36 45 45 43 46 45 45

Fig. 1. Intra annual distribution of monthly N values in Eastern Georgia in 1936-2023.

In Fig. 1 data on intra annual distribution of total number of dry months in Eastern Georgia in 1936-
2023 is presented. As follows from Fig. 1, N values changes from 36 (Gardabani, Jan, Dec; Shovi, Jun) to 54
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(Paravani, Feb). Mean annual values on N in 1936-2023 change from 41.6 (Gurjaani) to 46.3 (Paravani).
Range between monthly values of N changes from 7 (Telavi) to 15 (Shovi).

1936-1975

28

26

24

2
T

16

14

12

10 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
—&—Par 20 20 19 16 16 18 18 21 21 19 18 15
—m—Ts 19 18 16 19 17 22 16 22 16 19 18 23

Bol 17 18 17 20 18 19 18 18 20 18 13 18

Gar 14 19 20 20 21 22 18 19 21 17 17 16
—#—Th 17 15 17 20 22 23 22 22 19 16 18 20
~®—Sag 14 17 19 18 22 18 17 17 17 17 15 18
—+—Gur 16 18 20 17 19 19 16 18 17 20 17 19

Ded 20 19 23 22 19 16 18 19 15 20 19 22
——TLag 18 19 21 21 23 23 23 22 19 22 21 22
—o—Kv 18 19 15 18 20 18 23 21 17 16 15 20
—a—Tel 18 17 17 18 24 20 21 20 23 20 22 22
—&—Tian 18 15 16 17 18 21 17 13 11 11 15 18

Pas 24 21 19 18 18 18 18 22 20 20 20 19

Gud 25 20 21 21 21 20 19 20 20 18 20 19

St 20 17 17 22 24 22 20 18 13 13 12 20

Gori 20 15 20 18 23 23 26 22 20 12 18 18
——Kh 18 15 20 18 18 22 24 20 18 12 14 15

Sh 19 21 21 23 23 21 25 20 19 19 22 21

Fig. 2. Intra annual distribution of monthly N values in Eastern Georgia in 1936-1975.

In Fig. 2 data on intra annual distribution of total number of dry months in Eastern Georgia in 1936-
1975 is presented. From Fig. 2 follows, that N values changes from 11 (Tianeti, Sep, Oct) to 26 (Gori, Jul).
Mean annual values on N in 1936-1975 change from 15.8 (Tianeti) to 21.2 (Lagodekhi, Shovi). Range
between monthly values of N changes from 4 (Gurjaani) to 14 (Gori).

1984-2023

35
30
25
20
15
10

Jan Feb Mar Apr May Jun Jul Aug  Sep Oct  Nov  Dec
—&—Par 25 29 28 24 29 28 23 22 22 25 22 22
—m—Ts 22 21 24 17 26 23 22 21 25 27 22 18

Bol 21 20 21 17 19 21 23 23 23 21 18 16
Gar 17 21 22 19 15 21 24 24 20 22 19 15
—#—Tb 21 24 22 20 14 22 23 23 21 24 21 16
—o—Sag 19 22 24 23 22 26 31 29 26 23 21 19
—+—Gur 19 18 19 19 17 24 20 24 19 20 20 20

——Ded 15 17 20 21 21 23 23 21 24 19 19 19
——Lag 21 18 16 17 19 20 17 18 17 21 24 20
~—Kv 20 21 19 20 19 25 23 25 22 22 25 18
—m—Tel 21 23 20 18 18 25 22 24 18 17 17 16

—&—Tian 24 21 28 24 28 25 28 29 28 28 23 20
Pas 21 21 24 22 22 23 21 20 25 21 22 19
Gud 20 21 19 19 21 18 20 19 22 22 20 18
St 21 20 24 18 21 16 18 21 27 25 28 18

Gori 18 19 18 22 21 18 17 16 21 22 26 18
——Kh 20 22 20 21 19 17 20 20 21 24 23 22
Sh 23 26 20 21 22 14 18 23 22 24 21 21

Fig. 3. Intra annual distribution of monthly N values in Eastern Georgia in 1984-2023.
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In Fig. 3 data on intra annual distribution of total number of dry months in Eastern Georgia in 1984-
2023 is presented. As follows from Fig. 3, N values changes from 14 (Tbiisi, May; Shovi, Jun) to 31
(Sagarejo, Jul). Mean annual values on N in 1984-2023 change from 19.0 (Lagodekhi) to 25.5 (Tianeti).
Range between monthly values of N changes from 4 (Gudauri) to 12 (Sagarejo, Shovi).

IT PER (1984-2023) - 1 PER (1936-1975)

20

15

10

Z s

0

-5

-10

Jan Feb Mar Apr May Jun Jul Aug Sep Oct  Nov  Dec

~&-Par 5 9 9 8 13 10 5 1 1 6 4 7
Ts 3 3 8 -2 9 1 6 -1 9 8 4 -5
Bol 4 2 4 -3 1 2 5 5 3 3 5 -2
Gar 3 2 2 -1 -6 -1 6 5 -1 5 2 -1
—%—Th 4 9 5 0 -8 -1 1 1 2 8 3 -4
~®-Sag 5 5 5 5 0 8 14 12 9 6 6 1
——Gur 3 0 -1 2 -2 5 4 6 2 0 3 1
——Ded -5 -2 -3 -1 2 7 5 2 9 -1 0 -3
——Lag 3 -1 -5 -4 -4 -3 -6 -4 -2 -1 3 -2
——Kv 2 2 4 2 -1 7 0 4 5 6 10 -2
——Tel 3 6 3 0 -6 5 1 4 -5 -3 =5 -6
—&—Tian 6 6 12 7 10 4 11 16 17 17 8 2
Pas -3 0 5 4 4 5 3 -2 5 1 2 0
Gud -5 1 -2 -2 0 -2 1 -1 2 4 0 -1
St 1 3 7 -4 -3 -6 -2 3 14 12 16 -2
Gori -2 4 -2 4 -2 -5 -9 -6 1 10 8 0
—=Kh 2 7 0 3 1 -5 -4 0 3 12 9 7
Sh 4 5 -1 -2 -1 -7 -7 3 3 5 1 0

Fig. 4. Difference between monthly N values in 1984-2023 and 1936-1975.

In Fig. 4 data on difference between total number of dry months in Eastern Georgia in 1984-2023
and 1936-1975 is presented. As follows from Fig. 4, AN values changes from -9 (Gori, Jul) to 17 (Tianeti,
Sep, Oct). Mean annual values on AN change from -2.2 (Lagodekhi) to 9.7 (Tianeti). It should be noted that
the greatest trend of increasing aridity is observed in Paravani and Tianeti (for all months of the year). For
the remaining stations, the trend of increasing aridity is as follows (in descending order): Sagarejo (11 months
a year); Bolnisi (10); Tsalka and Kvareli (9 each); Thilisi, Gurjaani, Pasanauri and Khashuri (8 each);
Gardabani and Stepantsminda (7 each); Telavi (6); Dedoplistskaro, Gori and Shovi (5 each); Gudauri (4);
Lagodekhi (2 months a year). Overall, for all stations, a trend of increasing aridity was observed in 136 cases
(months), decreasing in 65 cases, and remaining constant in only 15 cases. In other words, the overall trend
is toward increasing aridity.

In Table 1 information on annual and spring-autumn period data on the N values in Georgia in 1936-
2023 is presented.

Table 1. Annual and spring-autumn period data on the N values in Eastern Georgia in 1936-2023.
Share = 100-(Mar-Nov)/Year, %.

Period Loc Year Mar-Nov | Share, % Loc Year Mar-Nov | Share, %
Full 556 412 74.1 518 389 75.1
1 Par 299 223 74.6 Ky 259 200 77.2
I 221 166 75.1 220 163 74.1
-1 78 57 -0.5 39 37 3.1
Full Ts 532 400 75.2 Tel 524 392 74.8
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I 268 207 77.2 239 179 74.9
I 225 165 73.3 242 185 76.4
-1 43 42 3.9 -3 -6 -1.6
Full 516 390 75.6 530 402 75.8
I Bol 243 186 76.5 Tian 306 241 78.8
I 214 161 75.2 190 139 73.2
-1 29 25 1.3 116 102 5.6
Full 513 397 77.4 538 402 74.7
I Gar 239 186 77.8 Pas 261 200 76.6
I 224 175 78.1 237 173 73.0
-1 15 11 -0.3 24 27 3.6
Full 524 398 76.0 524 390 74.4
I Tb 251 190 75.7 Gud 239 180 75.3
I 231 179 77.5 244 180 73.8
-1 20 11 -1.8 -5 0 15
Full 528 406 76.9 519 391 75.3
1 Sag 285 225 78.9 St 257 198 77.0
I 209 160 76.6 218 161 73.9
-1 76 65 24 39 37 3.2
Full 499 375 75.2 522 404 77.4
1 Gur 239 182 76.2 Gori 236 181 76.7
I 216 163 75.5 235 182 77.4
-1 23 19 0.7 1 -1 -0.8
Full 520 393 75.6 503 380 75.5
I Ded 242 191 78.9 Kh 249 185 74.3
I 232 171 73.7 214 166 77.6
-1 10 20 5.2 35 19 -3.3
Full 533 399 74.9 540 399 73.9
I Lag 228 169 74.1 sh 255 185 72.5
I 254 195 76.8 254 193 76.0
-1 -26 -26 -2.6 1 -8 -3.4

As follows from Table 1 annual values of N in 1936-2023 change from 499 (Gurjaani) to 556
(Paravani) with mean value — 524; range — 57. Spring-autumn values of N in 1936-2023 change from 375
(Gurjaani) to 412 (Paravani) with mean value — 396; range — 37. Share spring-autumn values of N from
annual change from 73.9 % (Shovi) to 77.4 % (Gori) with mean value 75.4 %; range — 3.5 %.

Annual values of N in 1936-1975 change from 190 (Tianeti) to 254 (lagodekhi) with mean value —
227; range — 64. Spring-autumn values of N in 1936-1975 change from 139 (Tianeti) to 195 (lagodekhi) with
mean value — 171; range — 56. Share spring-autumn values of N from annual change from 73.0 % (Pasanauri)
to 78.1 % (Gardabani) with mean value 75.4 %; range — 5.1 %.

Annual values of N in 1984-2023 change from 228 (Lagodekhi) to 306 (Tianeti) with mean value —
255; range — 78. Spring-autumn values of N in 1984-2023 change from 169 (Lagodekh) to 241 (Tianeti) with
mean value — 195; range — 72. Share spring-autumn values of N from annual change from 72.5 % (Shovi) to
78.9 % (Dedoplistskaro) with mean value 76.3 %; range — 6.4 %.

Annual values of AN change from -26 (Lagodekhi) to 116 (Tianeti) with mean value — 29; range —
142. Spring-autumn values of AN change from -26 (Lagodekhi) to 102 (Tianeti) with mean value — 24; range
— 128. Difference between of share spring-autumn values of AN from annual in 1984-2023 and 1936-1975
change from -3.4 % (Shovi) to 5.6 % (Tianeti) with mean value 0.9 %; range — 9.0 %.
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Table 2. Statistical characteristics of the N values in spring-autumn period for different locations in Eastern

Georgia in 1936-2023. Rmin = 0.12, 0.=0.25

Per 1936-2023
Loc Max Min Mean StDev | Cy, % a b R Kow
Par 9 0 47 2.5 53.1 | 0.024198 | 3.605016 | 0.25 1.95
Ts 9 0 4.5 2.4 53.4 | 0.021028 | 3.609718 | 0.22 1.89
Bol 9 0 4.4 2.3 51.5 | 0.013015 | 3.852665 | 0.15 1.86
Gar 9 0 4.5 2.4 53.5 0.00085 | 4.47335 0.01 1.87
Th 9 0 4.5 2.3 50.4 | 0.005248 | 4.289185 | 0.06 1.78
Sag 9 0 4.6 2.7 59.1 | 0.028953 | 3.325235 | 0.27 2.21
Gur 9 0 4.3 2.2 51.1 | 0.009184 | 3.852665 | 0.11 2.16
Ded 9 0 45 2.4 540 | 0.010417 | 4.002351 | 0.11 2.09
Lag 9 0 4.5 2.4 52.7 -0.01734 | 5.305643 | 0.19 1.72
Kv 9 0 4.4 2.4 540 | 0.017056 | 3.661442 | 0.18 1.92
Tel 9 0 45 2.3 51.7 | 0.003381 | 4.304075 | 0.04 1.85
Tian 9 0 4.6 2.6 57.6 | 0.054436 | 2.145768 | 0.53 2.09
Pas 9 0 4.6 2.4 53.6 | 0.020394 | 3.660658 | 0.21 1.90
Gud 9 0 4.4 2.5 55.7 | 0.006058 | 4.162226 | 0.06 1.75
St 9 0 4.4 2.5 55.3 0.02153 | 3.48511 0.22 1.82
Gori 9 0 4.6 2.2 48.7 -0.00113 | 4.641066 | 0.01 2.18
Kh 9 0 4.3 2.4 55.5 | 0.010972 | 3.829937 | 0.12 2.47
Sh 9 0 45 2.5 54.1 -0.00103 | 4.579937 | 0.01 2.04
EGeo 8.2 0.8 4.5 1.6 35.1 | 0.013837 | 3.88652 0.22 2.00

In Table 2 statistical characteristics of the N values in spring-autumn period for different locations

in Eastern Georgia in 1936-2023 are presented. In particular, from Table 3 follows, that mean N values
changes from 4.3 (Khashuri) to 4.7 (Pasanauri) with average value (EGeo) — 4.5; range — 0.4. The temporal
variation of N values for individual stations and for eastern Georgia as a whole (averaged across all stations)
is approximated by a linear function (the corresponding Kow values indicate the absence of autocorrelation
in the residuals). A significant positive trend in the average spring-autumn N values is observed for EGeo
and all stations except Gardabani, Thilisi, Telavi, Gudauri, Gori, and Shovi. For Lagodekhi, this trend is
negative. For Gardabani, Gori, and Shovi, there is no trend.

Table 3. Statistical characteristics of the N values in spring-autumn period for different locations in Eastern
Georgia in 1984-2023 and 1936-1975.

Per 1936-1975 1984-2023

Loc Max Min Mean | StDev | Cy, % Max Min Mean | StDev | Cy, %
Par 9 0 4.2 2.4 58.4 9 0 5.6 2.3 40.8
Ts 9 0 4.1 2.1 51.8 9 0 5.2 2.5 49.1
Bol 9 0 4.0 2.5 62.3 9 0 4.7 2.1 44.2
Gar 9 0 4.4 2.6 59.4 9 0 4.7 2.2 48.1
Th 9 0 45 2.5 55.0 9 0 4.8 2.2 46.7
Sag 9 0 4.0 2.6 65.3 9 0 5.6 2.7 47.2
Gur 9 0 4.1 2.2 54.6 9 1 4.6 2.1 45.1
Ded 9 0 4.3 2.4 56.1 8 0 4.8 2.4 50.3
Lag 9 0 49 2.2 44.8 9 0 4.2 2.5 60.3
Kv 9 0 4.1 2.5 61.2 9 1 5.0 2.2 44 .8
Tel 9 0 4.6 2.4 51.7 9 0 4.5 2.2 49.6
Tian 8 0 3.5 2.2 64.5 9 1 6.0 2.4 39.3
Pas 9 0 4.3 2.4 56.5 9 0 5.0 2.5 50.8
Gud 9 0 45 2.5 55.4 9 0 4.5 2.6 57.8
St 9 0 4.0 2.4 60.5 9 1 5.0 2.6 51.7
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Gori 8 0 4.6 2.2 49.0 8 0 4.5 2.3 49.8
Kh 9 0 4.2 2.4 57.6 8 0 4.6 2.4 52.2
Sh 9 0 4.8 2.6 53.7 9 1 4.6 2.3 49.4
EGeo 8.2 0.8 4.3 1.6 38.0 7.4 0.9 4.9 1.5 30.5

Statistical characteristics of the N values in spring-autumn period for different locations in Eastern
Georgia in 1936-1975 and 1984-2023 in Table 3 is presented. As follows from Table 3 mean values of N in
1936-1975 changes from 3.5 (Tianeti) to 4.9 (Lagodekhi) with average value (EGeo) — 4.3; range — 1.4. In
1984-2023 mean N values changes from 4.2 (Lagodekhi) to 6.0 (Tianeti) with average value (EGeo) — 4.9;
range — 1.8.

0.90
0.80
0.70
060
0.50
0.40

0.30 . .
Par Ts Bol Gar Tb Sag Gur Ded Lag Kv Tel Tian Pas Gud St Gori Kh Sh

—+—1936-2023 0.69 0.77 0.66 0.72 0.70 0.76 0.62 0.56 0.56 0.73 0.71 0.74 0.67 0.63 0.52 0.67 0.63 0.44
—8—1984-2023 0.62 0.80 0.58 0.71 0.67 0.71 0.57 0.39 0.54 0.65 0.66 0.69 0.56 057 0.68 0.70 0.58 0.61
——1936-1975 0.72 0.69 0.75 0.77 0.73 079 0.65 0.66 0.61 0.74 0.73 0.80 0.74 0.68 036 0.74 0.66 0.36

Fig. 5. Linear correlation between EGeo and another location on N values in spring-autumn period in 1936-
2023, 1984-2023 and 1936-1975.

Linear correlation between EGeo and another location on N values in spring-autumn period (Fig. 5)
in 1936-2023 change from 0.44 (pair: EGeo+Shovi, low correlation) to 0.77 (pair: EGeo+Tsalka, high
correlation) with average value — 0.65 (moderate correlation), in 1936-1975 — from 0.36 (pair: EGeo+ Shovi,
low correlation) to 0.80 (pair: EGeo-~Tianeti, high correlation ) with average value — 0.68 (moderate
correlation) and in 1984-2023 from 0.39 (pair: EGeo+Dedoplistskaro, low correlation) to 0.80 (pair:
EGeo+Tsalka, high correlation) with average value — 0.63 (moderate correlation).

In general, in the second period of time, compared to the first, the correlation links between the
studied parameters worsened: average values were 0.63 and 0.68, respectively, and high correlation for 10
and 4 pairs, respectively (Fig. 5).
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Fig. 6. Difference between mean N values in spring-autumn period in 1984-2023 and 1936-1975 in Eastern
Georgia.

As noted above (Fig. 4, Table 3), a trend toward aridity was observed in Eastern Georgia during the
second period compared to the first. This is also clearly evident in Fig. 6 for AN mean values in spring-
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autumn period. As follows from Fig. 6, values of AN changes from -0.7 (Lagodekhi) to 2.6 (Tianeti); for
EGeo AN = 0.7. Insignificant variability of the values of AN are observed at the 8 stations: Gardabani, Thilisi,
Dedoplistskaro, Telavi, Gudauri, Gori, Khashuri and Shovi. Only at one station (Lagodekhi) is observed
significant decrease value of AN (wetting tendency). At the remaining 9 stations: Paravani, Tsalka, Bolnisi,
Sagarejo, Gurjaani, Kvareli, Tianeti, Pasanauri and Stepantsminda are observed significant increase value of
AN (aridity tendency).

Finally, in Fig. 7 and Fig. 8 examples of forecasts of N values in the spring-autumn period 2025-
2045 for Stepantsminda (periodicity — 22 year) and Tianeti (without periodicity) are presented. In Table 4
data about comparison of the real (2004-2023) and forecasted (2026-2045) mean N values in spring-autumn
period in Eastern Georgia is presented.
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Fig. 7. Forecast of N values in the spring-autumn period 2025-2045 for Stepantsminda (periodicity — 22
year)
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Fig. 8. Forecast of N values in the spring-autumn period 2025-2045 for Tianeti (without periodicity).
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Table 4. Comparison of the real (2004-2023) and forecasted (2026-2045) mean N values in spring-autumn
period in Eastern Georgia.

Period 2004-2023 2026-2045
Location “F’gggr 68%_Low | 68%_Upp F(';"rgggst 68%_Low | 68%_Upp Pe”\‘;g;f'ty'
Paravani 4.8 4.2 5.3 6.1 2.9 9.3 no
Tsalka 5.6 49 6.2 6.9 4.2 9.5 no
Bolnisi 4.2 3.7 4.6 49 2.3 7.5 no
Gardabani 4.0 3.5 4.5 4.7 1.2 8.1 no
Thilisi 4.3 3.7 4.8 35 1.0 6.5 22
Sagarejo 5.4 4.7 6.1 6.8 3.9 9.8 no
Gurjaani 42 3.7 4.6 4.6 2.1 7.2 29
Dedoplistskaro 5.5 4.9 6.0 8.2 5.9 10.5 no
Lagodekhi 3.1 2.7 3.5 2.8 0.2 55 no
Kvareli 4.8 4.2 5.3 5.8 3.0 8.5 no
Telavi 4.1 3.6 4.6 5.1 2.5 1.7 no
Tianeti 6.9 6.3 7.4 8.3 5.9 10.7 no
Pasanauri 50 4.4 5.6 6.7 4.0 9.4 no
Gudauri 4.8 4.1 5.4 6.3 34 9.1 6
Stepantsminda 55 4.9 6.1 6.6 4.1 9.0 22
Gori 4.1 3.6 4.6 45 1.9 7.1 no
Khashuri 4.8 4.2 5.4 5.7 3.3 8.1 no
Shovi 4.8 4.2 5.3 2.5 0.6 5.1 22
EGeo 4.7 4.4 5.1 5.7 3.9 7.6 no

In particular, as follows from Table 4, at all stations, except Thilisi, Lagodekhi and Shovi in 2026-
2045 compared to 2004-2023 on average, an increase in drought is expected.

Conclusion

In the future, it is planned to conduct detailed comprehensive studies of SPI for 1, 3, 6, 9 and 12
months, based on data from 39 meteorological stations in Georgia in 1936-2023.
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CratucTHyecKuil aHAJIM3 001ero KOJIHYeCTBA 3aCyIJINBbBIX MECSLICB
B Bocrounoii I'py3un B nepuog 1936-2023 rr. ¢ ucnoab30BaHueM

nHjaexca SPI-3 <0 u onieHKa H3MEHYHUBOCTH PTOr0 KOJIHMYeCTBA 10
2045 roga

A. AMupanamsuiau, T. Jlaurtamsuiau, O. Xapmuianse,
N. Camxapanze, /I. AMuiaaxsapu

Pesrome
IIpencraBien noapoOHBIN CTATUCTUYECKUH aHaIM3 O0IIero yucia 3acynuinBbix Mecsaues (N) B Bocrounoit
I'py3um B 1936-2023 rT. ¢ ncronp3oBanueM uHIekca SPI-3 < 0 (cenbCkoXo3siCTBEHHAS 3acyXa) U OICHKA
U3MEHUYMBOCTH dTOr0 umcina o 2045 roma. Mcmonb3oBaHbl MaHHEIE ¢ 18 METEOPOIOTHIECKUX CTAHIMHA O
€XEeMeCSIYHBIX CyMMax 0CaJKoB. B yacTHOCTH, ObUIH MOTYYEHBI CIEAYIOLINE PE3YIbTaThI.
UzydeHsl 0cOOEHHOCTH BHYTPUTO0BOTO PacHpeAeIeHus exxeMecsYHbIX 3HaueHnid N B Bocrounoii ['py3un
B 1936-2023 rr. (momuenid mepuoxn), 1936-1975 rr. (I mepuon) u 1984-2023 rr. (II mepuox). B memom, Bo
BTOPOM IIEPUOJE IO CPaBHEHHUIO C TMEPBBIM ISl BCEX CTaHLMWI HaOmoganach TCHIACHUUS K YBEIUYCHUIO
3acynuIMBOCTH B 136 cimywasx (Mecsiax), K YMEHBLICHUIO B 65 cioydasx U K COXPaHEHHIO MOCTOSIHHOTO
3HaYeHUs TOJbKO B 15 ciywasx. pyrumu crnoBamu, oOInas TEHACHIWS HaIpaBlieHA K YBEITHYEHHUIO
3aCyIIINBOCTH.
IlpoBenen craTucTUyecKUil aHanu3 3HaueHH! N B BeCEHHE-OCEHHWH mepuod. Bo BTOpoil mepuoa mo
CpPaBHEHUIO C MEPBBIM CpellHue 3HaueHusi N B BeceHHe-oceHHUI nepuon s [lapaBanu, Hanku, bonnucu,
Carapemxko, 'ypmraann, Kapemu, Tuanern, [lacanaypu n CTemaHIMHHIB 3HAYMMO YBEIMYUBAIOTCS
(TenmeHMA K 3acynmMBOCTH). TonbKo Ha 0fHOM cTaniuH (Jlarogexu) HaOmogaeTcsi 3HaYUMMOE YMEHbILICHHE
ATOW pa3HUIIBI (TEHACHIUS K yBIaXHEeHH0). He3sHaunmast N3MEHYMBOCTh 3HAYeHH N BO BTOPOM TepHOJIe
10 CPaBHEHUIO ¢ TIEPBBIM HaOromaeTcs Ha 8 cranmuax: ['apmadanu, Towmmcn, demnommmctckapo, Temasu,
T'ynaypu, I'opu, Xamypu u losu.
brino npoBeneHo cTaTHCTUUECKOE MPOTHO3UPpOBaHNe 3HaUeHU N B BeceHHe-oceHHuH nepuon 1o 2045 roga.
Ha Bcex cranmusx, 3a uckimouenneM Towmucu, Jlaromexu u LlloBu, B 2026-2045 IT. MO0 CpaBHEHHIO CO
cpenanmu mokazaremsamMu 2004-2023 rr. o)KugaeTcsl yBeITUUeHUE 3aCyXH.

Karwuesbie ciaoBa: unaekc 3zacyxu (SPI), atmocdepHble ocagky, pUCK 3acCyXH, M3MEHEHHE KIHMaTa,
KOPPEJSILUOHHBIA U PETPECCUOHHBIN aHAJIN3.
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