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ABSTRACT

Problem definition. Currently, global warming, which is being observed on Earth, continues to show its numerous effects in the
South Caucasus, as in all other regions. In the region, along with rising air temperatures, a number of climatic elements are changing
their long-term patterns. One of the atmospheric phenomena most affected by climate change is precipitation. The article analyzes the
modern spatiotemporal variations of atmospheric precipitation in the southern and southeastern parts of the Greater Caucasus region.

Formulation of the purpose. In previous studies, although the spatiotemporal distribution of atmospheric precipitation was
determined, such research did not cover recent periods. This study was conducted to identify the effects of modern climate change on
the spatiotemporal distribution of atmospheric precipitation in the southern and southeastern parts of the Greater Caucasus region. For
this purpose, the distribution of precipitation indicators across months, seasons, years, and the Earth's surface, as well as their long-
term trends, have been determined.

Research methods. The analysis utilized observational data on atmospheric precipitation collected from the hydrometeorological
stations of Zaqatala, Oghuz, Shaki, Ismayilli, Shamakhi, Gabala, Gobustan, Saribash, and Alibay over the period from 1961 to 2023.
The research was conducted using modern mathematical-statistical, physical, cartographic methods, and GIS technology. In the study,
the analysis of extreme atmospheric precipitation events was conducted for the period 1961-2023 due to the probability of their recur-
rence, while the spatiotemporal distribution characteristics of precipitation (monthly, seasonal, annual, and surface-based) were exam-
ined during the modern climate change period, specifically from 1991 to 2023.

The main material. During the analysis, it was determined that the average long-term amount of atmospheric precipitation in
the southern and southeastern parts of the Greater Caucasus region is 816 mm. Of the total annual precipitation in the region, 56%
occurs during the warm period, while 44% falls during the cold period. In general, across this part of the region, the amount of precip-
itation decreases from higher elevations to lowlands and from the northwest to the southeast.

Conclusions. In the study area, a decrease in precipitation amounts is observed in all months except January, March, and May.
The reduction in precipitation during the spring and summer months is particularly detrimental to the development of agricultural crops,
as it coincides with their vegetation period. The precipitation in the region predominantly exhibits a recurrence of 120 mm or higher.
The results of the research can be utilized for the establishment of new agricultural fields, the compilation of maps, economic assess-
ments, and the development of mitigation measures against climate change.

Keywords: climate change, atmospheric precipitations, GIS technology, recurrence limit of precipitation, difference integral,
moving average quantity, precipitation anomaly.
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Problem definition. Precipitation is one of the
main climate-forming factors on Earth and is of par-
ticular importance in the formation of ecosystems
[17]. Precipitation formation culminates with
coolling of water particles that have evaporated under
high temperature conditions as they rise in the air col-
umn, condense into droplets on a small particles at a
certain point, growing of the droplets by colliding,
and the formation of Liesegang bands and their down-

ward movement [18, 22, 28].

The circulation of water on Earth is carried out
by large and small water cycles. Such large cycles
consist of the transport of large-volume moist air
masses by mesoscale synoptic objects (cyclone, anti-
cyclone, etc.) to longer distances [1, 4]. Small synop-
tic processes such as the transport of water by local
winds to higher mountains evaporated from the sur-
face of the Caspian Sea and the precipitation falling
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there can be given as an example of small water cy-
cles [7,9].

Depending on the formation of atmospheric pro-
cesses, precipitation is distributed unevenly on Earth
in different amounts. Thus, in equatorial, temperate
climatic zones dominated by descending air masses,
the amount of precipitation is higher than in other
zones [19, 20].

Climate change on Earth is already an accepted
ecological crisis. The rapid expansion of its “warm-
ing” characteristics over the past 35 years is already
an inevitable fact. Global warming is characterized
by its different characteristics in different regions of
the Earth [11, 13]. The increase in air temperature,
possible evaporation indicators, the recurrence of
dangerous atmospheric phenomena, the decrease in
the volume of glacier areas, river flows and the
amount of atmospheric precipitation are the effects of
climate change in the territory of Azerbaijan [12, 13].

Analysis of recent research. The scientific ex-
planation of the time-space distribution of atmos-
pheric precipitation in the country was first reflected
in the monograph of A.M. Shikhlinsky and A.A.
Madatzade (1968). However, in subsequent periods,
the number of such studies increased. In recent times,
the study of various characteristics of precipitation in
different regions has been reflected in the studies of
scientists such as N.Sh. Huseynov, F.A. Imanov, S.H.
Safarov, R.N. Mahmudov, A.S. Mammadov, K.S.
Rahimov, H.S. Nabiyev, J.S. Huseynov and others. In
these studies, the monthly, seasonal, zonal distribu-
tion characteristics of precipitation, multi-year dy-
namics, amount of precipitation at various limits, etc.
in the territory of the republic have been investigated
(4,13, 19].

Highlighting previously unsolved parts. Re-
cent global warming has significantly influenced
changes in various climatic elements. In this context,
a reduction in precipitation amounts has been ob-
served. Previous studies on the impacts of climate
change on precipitation patterns across the country
concluded by analyzing long-term precipitation dy-
namics and quantifying monthly variability through
percentage deviations. Earlier research provided only
generalized comparative analyses for Azerbaijan,
contrasting the periods 1961-1990 and 1991-2020.
However, comprehensive studies to characterize the
contemporary precipitation regime—both for Azerbai-
jan as a whole and specifically for the Azerbaijani
sector of the Greater Caucasus-have been lacking
since 1968 [6, 8, 12, 13].

Formulation of the purpose. The aim of the
study is to determine the modern characteristics of
the temporal and spatial distribution of atmospheric
precipitation in the southern and southeastern parts of
the Greater Caucasus province.

This study incorporates the latest observational

data and employs statistical refinements to elucidate
the modern spatiotemporal distribution patterns of
precipitation across the southern and southeastern
slopes of the Greater Caucasus mountain range
within Azerbaijan. The specific mechanisms govern-
ing precipitation formation in this region have been
analyzed in detail. The impacts of climate change on
the precipitation regime were investigated using mul-
tiple methodologies [11, 15, 21], thereby enhancing
the statistical reliability of the findings.

Research methods. The study was conducted
on the basis of observation data on atmospheric pre-
cipitation from 9 hydrometeorological stations of the
National Hydrometeorological Service operating in
the southern and southeastern part of the Greater
Caucasus province (Zagatala, Oghuz, Sheki, Isma-
yilli, Shamakhi, Gabala, Gobustan, Saribash and
Alibay) in 1961-2023. Initial data were collected
from periodic statistical and scientific publications of
state agencies, internet resources and research data of
individual scientists [7, 14, 25-28]. The analyses
were conducted on monthly, seasonal and annual to-
tal precipitation indicators. Taking into account the
possibility of recurrence of maximum and minimum
monthly indicators of atmospheric precipitation, the
study analyzed the period 1961-2023, and the modern
spatial-temporal distributions were analyzed for the
period 1991-2023.

This period is a time phase in which atmospheric
precipitation fluctuates sharply due to the influence
of climate change. In order to assess the effects of cli-
mate change in recent periods, comparisons were
made with the latest climate norm of the World Me-
teorological Organization (1981-2010) [23, 24]. In
addition, in order to accurately determine the changes
in the tendency of atmospheric precipitation in the
multi-year period, the long-term (1961-2023) period
was also considered as 10-year time phases. Based on
the results obtained in the analyses, histograms,
graphs and tables were processed in the MS Excel
program, and maps were processed in the ArcGIS
program. Various parameters of hydrometeorological
stations are given in Table 1.

In the graphs constructed to monitor the multi-
year dynamics of precipitation, unstable jumps in in-
dividual years can be seen. To determine the tendency
of these indicators in the general period, a trend curve
is used.

However, although the trend line shows the ten-
dency in the general period, the dynamics in small
time phases can only be determined by the moving
average quantity.

The parameter provides smoothing of the graph
of random variables with such jumps, which allows
the researcher to determine the direction of the trend
of the random variable in separate periods [15, 23].
This quantity is calculated as follows:
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Table 1
The main characteristics of the hydrometeorological stations
Station Height, m | Observation periods, year Climate n&rg;g.llggcllg)l’t?g;n quantity
Alibey 1786 1961-2020 1326
Saribash 1680 2008-2023 -
Gobustan 775 1961-2023 331
Shamakhi 750 1961-2023 576
Gabala 679 1961-2023 941
Ismayilli 653 1983-2023 639
Sheki 639 1961-2023 786
Oghuz 582 1961-2023 889
Zagatala 487 1961-2023 977
X, =5ttt thio p peaks of Malkemud (3878 m), Ragdan (4020 m), Tu-

10

where, X;; - is the moving quantity of the annual
precipitation amount of the random quantity. X;, X>
etc. are the series limits for the year under considera-
tion and the last 10 years in which it is included. The
coefficient of the moving quantity in the cell under
consideration is equal to the average of the next 10
years in which it is included in that year. The next
limit of the moving quantity is again the average of
the precipitation in that year and the next 9-year limit.
Thus, the series is completed.

The main material. The time-spatial distribu-
tion of precipitation in the southern and southeastern
parts of the Greater Caucasus province varies de-
pending on the geographical location and relief fea-
tures of the area. The region has a mountainous relief.
Most of the territory is located at an altitude of 1000
m above sea level. The study area covers the southern
and southeastern foothills of the Greater Caucasus
Range. The region is bounded by the Ganikh-
Ayrichay depression in the northwest and south, and
by the Kura depression in the southeast. The Greater
Caucasus Range begins with the Gubakh range and
changes in altitude above sea level in the southeast,
ending with the Garabagh, Langebiz ranges, and the
Alat ridge. The main elevations in the area are the

fandagh (4191 m), Bazarduzu (4466 m), etc. [3, 16].

The greatest influence on the distribution of pre-
cipitation in the area is exerted by the relief. The main
atmospheric precipitation is formed due to air masses
coming from the north. The fact that precipitation
falls in the warm period of the year creates a great
advantage in providing the mountainous region with
water resources [1, 2, 10].

According to multi-year (1991-2023) data, the
average multi-year amount of precipitation in the
southern and southeastern part of the Greater Cauca-
sus province is 816 mm. The amount of precipitation
varies between 307-1290 mm at individual stations.
The highest average annual precipitation falls in
Alibay (1290 mm), the least in Gobustan (307 mm).
The amount of precipitation in this part of the Greater
Caucasus province decreases from northwest to
southeast, from the plain to the high mountains. Thus,
the multi-year amount of precipitation is observed at
the Zagatala station located in the plain area of 950
mm, at Alibay 1290 mm and in Gobustan in the east
307 mm. Here, the main part of the precipitation falls
in spring, summer and autumn, and a smaller part in
winter [6, 15]. In general, 56% of the annual precipi-
tation in the region falls during the warm season and
44% during the cold season (Table 2).

Table 2

Temporal distribution of atmospheric precipitation in the south and southeast
of the Greater Caucasus province

. Year-round, mm Seasonal, %
Station . ;
winter | spring | summer | autumn year cold hot
Alibey 134 397 397 362 1290 38 62
Saribash 133 361 354 259 1108 35 65
Gobustan 62 95 61 88 307 49 51
Shamakhi 111 163 96 169 539 52 48
Gabala 144 297 194 280 915 46 54
Ismayilli 109 199 131 200 639 48 52
Sheki 108 241 202 198 748 41 59
Oghuz 135 278 181 253 847 46 54
Zagatala 117 314 272 247 950 38 62
Region 117 261 210 228 816 44 56
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The monthly distribution of atmospheric precip-
itation in the southern and southeastern part of the
Greater Caucasus province for 1991-2023 is given in
Table 3. As can be seen from the table, the least rainy
period in the region falls on the winter months. Thus,
the amount of precipitation is 36 mm in December,
38 mm in January, and 43 mm in February. Starting
from March, there is an increase in the amount of pre-
cipitation. The amount of precipitation reaches 67
mm in spring, that is, in March, and 81 mm in April.
The amount of precipitation reaches its annual maxi-
mum in May (112 mm). Starting from June, the pro-
cess of decreasing precipitation begins with an in-
crease in temperature. In June, this amount decreases
to 88 mm, in July to 65 mm, and in August to 57 mm.
In autumn, the decrease in temperature activates the
activity of convective processes in the region [2].
Thus, the amount of precipitation is 89 mm in Sep-
tember, 82 mm in October, and 58 mm in November.
Overall, the average annual precipitation in the re-
gion is 816 mm.

The distribution of maximum monthly precipi-
tation values in the southern and southeastern parts of

the Greater Caucasus province is similar to their av-
erage monthly values. The maximum value of multi-
year precipitation for the region is 2128 mm. If we
focus on individual months, the maximum monthly
precipitation is 157 mm in January, 172 mm in Feb-
ruary, and 183 mm in March. This indicator increases
to 257 mm in April, 344 mm in May, and 501 mm in
June. The highest maximum monthly precipitation
values are observed in June. From mid-summer, cer-
tain decreases occur in the maximum monthly precip-
itation values. This indicator decreases to 291 mm in
July and 367 mm in August. Although the maximum
monthly precipitation increases in September (408
mm), it decreases to 333 mm in October and 248 mm
in November. The maximum monthly precipitation
reaches its lowest value in December and amounts to
146 mm. If we look at the data of individual hydro-
meteorological stations in this area, the most abun-
dant annual precipitation fell in Saribash, amounting
to 2128 mm. In the research, the surface distribution
of atmospheric precipitation in the south and south-
east of the Greater Caucasus province was deter-
mined with of GIS technology (Figure 1).

Table 3
Distribution of average monthly (1991-2023) and maximum monthly (1961-2023)
precipitation in the south and southeast of the Greater Caucasus province
. Months .
Station 1 1 [m]v] v |vi]vi]vim]ix] x| xi[xi| "
Alibey 46 | 49 | 88 | 135174170 | 113 | 114 | 150 | 128 | 83 | 39 | 1290
Saribash | 48 | 44 | 90 | 108 | 164 | 144 | 117 | 93 | 116 | 93 | 51 | 40 | 1108
Gobustan | 19 | 24 | 31 | 29 | 36 | 26 | 23 12 | 32 | 31 | 25 | 20 | 307
o, | Shamakhi | 34 | 43 | 44 | S1 | 68 | 44 | 28 | 25 | 57 | 63 | 49 | 34 | 539
£ Gabala 47 156 | 79 1 90 | 129 | 84 | 58 | 52 | 99 |109] 73 | 42 | 915
& | Ismayilli | 32 | 42 | 52 | 56 | 90 | 62 | 40 | 29 | 73 | 72 | 54 | 34 | 639
Sheki 36 | 40 | 64 | 78 | 99 | 86 | 59 | 57 | 76 | 67 | 55 | 32 | 748
Oghuz 43 | 50 | 78 | 84 | 116 | 72 | 59 | 49 | 93 | 96 | 64 | 42 | 847
Zagatala | 36 | 43 | 76 | 102 | 137|109 | 84 | 80 | 103 | 79 | 64 | 38 | 950
Region 38 | 43 | 67 | 81 | 112 | 88 | 65 | 57 | 8 | 82 | 58 | 36 | 816
Alibey 126 | 126 | 183 | 237 | 344 | 348 | 291 | 367 | 345|329 248 | 91 | 1960
Saribash | 120 | 172 | 164 | 170 | 273 | 501 | 286 | 261 | 408 | 167 | 143 | 96 | 2128
Gobustan | 52 | 75 | 126 | 97 | 171 [ 129 | 159 | 53 | 160 | 106 | 93 | 77 | 664
g Shamakhi | 117 | 115 | 131 | 194 | 181 | 135 | 172 | 124 | 229|223 | 116 | 91 | 1099
= Gabala | 157 | 157 | 178 | 257 [ 319 | 242 | 286 | 219 | 265333 | 152 | 111 | 1514
5 Ismayilli | 64 | 91 | 142 | 164|233 229 | 153 | 137 | 212|206 | 145 | 85 | 876
= Sheki 101 | 87 | 158 | 195 | 254 | 268 | 145 | 264 | 201 | 212 | 157 | 78 | 1093
Oghuz 117 | 103 | 182 | 231 | 318 | 282 | 286 | 219 | 266 | 270 | 129 | 111 | 1561
Zagatala | 123 | 108 | 171 | 255 | 306 | 264 | 272 | 297 | 268 | 213 | 160 | 146 | 1409
Region 157 | 172 | 183 | 257 | 344 | 501 | 291 | 367 | 408 | 333 | 248 | 146 | 2128

There is a variation in the vertical zonality dis-
tribution of precipitation due to the mountainous ter-
rain of the area. If we pay attention to the map, the
amount of precipitation over the area falls more in the
moderately mountainous area. In the southeast of the
region, towards the border of Gobustan-Absheron,

the amount of precipitation falls less than 600 mm.
Here, less precipitation is observed in the plain,
frontal mountainous and low mountainous areas in
terms of vertical zonality. This amount varies around
600-1000 mm. However, although the indicator is
higher than 1400 mm towards the lower parts of the
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Fig. 1. Average annual precipitation (1991-2023)

high mountainous region, it begins to decrease again
at higher altitudes. There are two maxima of precipi-
tation in terms of vertical zonality. However, the lack
of visual observation data and the small size of the
map do not allow us to express this change. The alti-
tude decreases towards the east of the Greater Cauca-
sus Mountains, and the amount of precipitation con-
tinues to decrease as the relief smoothes towards the
Absheron Peninsula. The decrease in the average an-
nual amount of precipitation begins from Shamakhi.
Because, synoptic processes affecting the Absheron
Peninsula have an impact up to this region. Towards
the east, the influence of this type of climate condi-
tions increases and the amount of precipitation de-
creases [3, 16].

The study also paid attention to the changes in
the amount of precipitation in the southern slope of
the Greater Caucasus Mountains in 2011-2023 com-
pared to 1981-2010. As can be seen from Table 4, the
amount of precipitation in the southern and south-
eastern part of the Greater Caucasus province in-
creased by 3-29% in January at other stations, except
for Shamakhi (4%). In February, this indicator in-
creased by 9-16% in Gobustan and Shamakhi, but de-
creased by 1-28% in other stations. In March, the
amount of precipitation decreased by 5-11% in Go-
bustan and Shamakhi, and increased by 5-19% in
other stations. Although there was a slight (1%) posi-

tive fluctuation in Zagatala in April, the amount of
precipitation at other stations decreased by 2-33%
compared to the climate norm. Although this indica-
tor decreased by 3% in Shamakhi in May, it increased
by around 3-25% at the remaining stations. Com-
pared to the climate norm, the amount of precipita-
tion at all regional stations in 2011-2023 decreased
by 5-35% in June, 4-30% in July, and 5-42% in Au-
gust. Although these indicators increased by around
1-14% in Gobustan, Ismayilli, Shaki, and Zagatala in
September, they decreased by 3-12% at other sta-
tions. Although precipitation in October decreased by
around 4-17% in Shamakhi, Gabala, Shaki, and
Oghuz compared to the climate norm, they increased
by 3-18% at other stations. Although precipitation in
November decreased by 1-30% in Alibay, Shamakhi,
Shaki, Oghuz and Zagatala, it increased by 3-34% in
other stations of the region. Compared to the norm,
the amount of precipitation in 2011-2023 increased
by 34% in Gobustan in December, but decreased by
1-26% in all stations. If we pay attention to the table,
precipitation fluctuates chaotically in the autumn
months. Thus, although this indicator increases in
several stations, it decreases in other stations. Such a
process reduces the severity of fluctuations in the to-
tal precipitation of the region. This is due to the syn-
optic situation. Because in autumn, air masses com-
ing from the north to the southeast of the region and
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Table 4
Average monthly and average annual precipitation anomalies (mm, %-bold)
. Months
Station I M [V [V ] VI Vil [ Vil | IX | X | XT | X1 | Y&
Alibey 12 -16 | 7 | -3 18| -9 |-39| -58|-16] 4 | -1 -9 | -120
29 28| 9 | 2|5 |-5|-30|-42|-11| 3 | -1 | -21 -9
Gobustan 5 4 41914 |-11| 4 -6 4 6 8 6 4
25 16 | -11|-25 (11 |-35|-15| -36 | 14 | 18 | 34 | 34 1
. -1 4 202102 -3 | -2 -5 7012 -5 -2 -57
Shamahi 4 | 9 | 5333 -6|-8|-18|-12][-17] 9] -6 -10
Gabala 2 313|271 8| -7]|-20|-16|-3]|-4| 2 |-03]| -57
3 S5 |19 |(-27|6 | -9 |-28|-25| -3 | 4| 3 -1 -6
Tsmayilli 3 04| 6 |-22|119| -8 | -2 -2 1 3 2 -2 -2
9 -1 |11 |-32|25|-13| -4 -5 1 4 3 -5 | -0.3
Shaki 7 -7 |10 |20 3 |-21]-10| -11 8 | -12|-14| -2 -69
23 -15 |16 |-24| 3 |-23|-16| -17 | 13 | -15|-23| -6 -9
Oghuz 3 -4 4 |-18| 8 |-21]|-12| -7 70 -8 -5 -1 -69
7 -8 5207 |-26|-17| -11 | -8 | -7 | -8 | -3 -8
Zagatala 8 -10 | 7 1 6 |-20(-101| -19 | 11 | 10 | -22 | -10 | -48
24 201 9 1 5|-17(-12| -20 | 12 | 12 |-30| -26 | -5
Province 5 -4 5 (-15| 7 |-13|-12|-15| -1 | -2 | 4| -3 -52
13 -9 8 |-18| 7 |-15|-19| -25 | -1 | -2 | -7 | -7 -6

local air circulation cause a different distribution of
precipitation [28].

The average annual precipitation fluctuations in
the southern and southeastern parts of the Greater
Caucasus province show that although there was a
1% increase in Gobustan, the precipitation of other
stations decreased by up to 10% compared to the cli-
matic norm. The maximum decrease in the average
annual precipitation compared to the climatic norm
occurred in Shamakhi by 10% (57 mm), in Shaki by
9% (69 mm), in Oghuz by 8% (69 mm) and in Alibay
by 9% (120 mm). As a result, the average annual pre-
cipitation in the study area in 2011-2023 was deter-
mined to decrease by 52 mm or 6% compared to the
norm (1981-2010). In this region, precipitation levels
decreased by 7.7% (67 mm) during the 1991-2023
period (866 mm) compared to the 1961-1990 base-
line (799 mm).

The decrease in precipitation in the region leads
to a decrease in the freshwater reserves and the water
content of the territorial rivers in the area. We know
that this mountainous zone plays a major role in
providing freshwater to the neighboring plains in the
south and the Absheron Peninsula (Oghuz-Gabala-
Baku water pipeline). Rapid forest loss is already be-
ing observed in the basins of the moderately mountain-
ous parts of the rivers. The decrease in precipitation in
the summer months coincides with the vegetation pe-
riod when plants have the greatest need for water.

A graph of monthly changes in precipitation in
2011-2023 compared to 1981-2010 has been com-
piled for the southern and southeastern parts of the
Greater Caucasus province (Figure 2). As can be seen

from the graph, the largest decrease, 15 mm, falls on
April (18%) and August (25%). The decrease in pre-
cipitation in February is 4 mm (9%), in summer it is
12-15 mm (15-25%), in autumn it is 1-4 mm (1-7%).
The recent increase in precipitation was 5 mm (13%)
in January, 5 mm (8%) in March, 7 mm (7%) in May.
In September, the fluctuation indicators are very weak.

In order to monitor the long-term dynamics of
the annual amount of atmospheric precipitation in the
southern and southeastern part of the Greater Cauca-
sus province, a graph has been drawn up. On the other
hand, the trend line, the moving average value has
also been added to the graph.

When examining the moving average, it can be
observed that precipitation was higher compared to
the climatic norm during the periods 1971-1990 and
in the year 2010. However, during the periods 1991-
2008 and 2011-2023, the amount of precipitation in
this region was lower than the norm (1981-2010).
The most significant decreasing trend over the long
term occurred during the years 2018-2021 (Figure 3).
During the period 1961-2023, the years 1961, 1971,
1985, 1995, 1996, 2001, 2013, 2014, 2017 and 2019
were the 10 years with the least precipitation, and the
years 1963, 1972, 1981-1983, 1994, 1997, 2003,
2016 and 2018 were the 10 years with the most pre-
cipitation. 70% of the years with abundant precipita-
tion in the study area were observed in the period be-
fore 1997. 70% of the years with less precipitation
were observed in 1985 and after. These facts ground
that precipitation in the region has been rapidly de-
creasing in recent times. The decrease in precipita-
tion occurs due to increasing in regional temperature.
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In order to determine the multi-year dynamics of
precipitation in the southern and southeastern part of
the Greater Caucasus province, a difference integral
curve was constructed based on the data of hydrome-
teorological stations (Figure 4). From figure 4, it is
obvious that the tendency for the Oghuz, Zagatala,
Gabala, Shaki and Ismailli stations in the period from
1961 to 2023 are approximately the same. Thus, the
amount of precipitation increased at the listed 5 sta-
tions from 1961 to 1983 (in Sheki from 1984), grad-
ually decreased from 1984 to 1994, and sharply de-
creased from 1995 to 2023, excluding occasional de-
viations. The dynamics of the difference integral of
atmospheric precipitation at the Alibay station is sim-
ilar to the multi-year changes of other stations. Only,
although there was a significant increase in the

amount of precipitation here in 2001-2012, the de-
crease from 2013 continues until the end of the pe-
riod. At the Gobustan and Shamakhi stations, which
differ from other stations, there was an increase in the
amount of precipitation from 1961 to 1990. Although
there was no noticeable change at these stations for
several years, from 1994, precipitation at the Go-
bustan station decreased towards 2023. However, the
decrease in the amount of precipitation in Shamakhi
continued until 2008, there was a short-term increase
between 2009-2013, and then decreased until the end
of the period. The existence of such differences at the
Gobustan and Shamakhi stations can be explained by
the different physical and geographical position of
these areas compared to other stations, and variable
synoptic and albedo conditions.
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Fig. 4. Difference integral curve of precipitation in 1961-2023

Various climate models predict an increase in
maximum precipitation expected towards the end of
this century due to climate change. Currently, deter-
mining the impact of climate change on the maxi-
mum precipitation that occurs annually in individual
regions is of particular importance for the early pre-
diction of hazardous natural phenomena [5, 19].

The absolute maximum values of precipitation
in the southern and southeastern parts of the Greater
Caucasus province for the period 1961-2020 have
been determined (Figure 5). From figure it is obvious
that the multi-year maximum precipitation in the

region fell by 107 mm in 1997. There are sharp fluc-
tuations in precipitation at certain time phases in the
long-term period. Thus, it is noteworthy that maxi-
mum precipitation occurs more frequently in 1962-
1967, 1992-1997, 2004-2007, 2013-2015, 2019 and
2020. The trend line shows that the maximum annual
precipitation in this area has increased. Given that the
maximum amount falls more often in torrential rains,
it follows that there has also been an increase in the
frequency of this type of precipitation in recent times.
The moving average graph shows a decrease in pre-
cipitation in 1961-1968 and 1992-1999.
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Fig. 5. Annual absolute maximum precipitation in the southern and southeastern
of the Greater Caucasus province
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However, it has a positive indicators in 1969-
1992 and 2000-2020. If we pay attention to the graph,
although the maximum precipitation was subject to
sharp changes until 1992, there are more chaotic
changes in 1993-2020. This is also due to a similar
feature of modern warming.

The average 10-year indicators of the amount of
multi-year maximum precipitation were compared
with the climate norm (1981-2010). Compared with
the norm, the absolute maximum precipitation
amount fell more than the norm in 1961-1970 (4%),
1991-2000 (9%), 2001-2010 (8%) and 2011-2020
(21%). Maximum precipitation fell less than the
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climate norm in 1971-1980 (27%) and 1981-1990
(34%). In 1971-1990, annual maximum precipitation
was less recurrenced than in other periods. This is one
of the dangerous effects of climate change. Thus, in
addition to the decrease in the amount of precipitation
in the considered area, its annual distribution period
is shortened.

The overall annual recurrence of precipitation
amounts is shown in the histogram below (Figure 6).
We can also see from the histogram that the lowest
recurrence limits of precipitation are 6% for the re-
gion and are observed in the ranges of 61-70 mm, 71-
80 mm and 101-120 mm.

15

51-60 . -
61-70 I -
71-80 N >

>120

81-100 NN o
101-120 NS -

Fig. 6. Recurrence of various annual precipitation limits in the southern and southeastern
of the Greater Caucasus province (%)

The average decade precipitation indicators for
continuous stations in the southern and southeastern
part of the Greater Caucasus province (Alibey, Go-
bustan, Shamakhi, Gabala, Sheki, Oghuz, Zagatala)
were compared with the corresponding indicators of
the previous decade (Figure 7). Thus, although the
amount of precipitation in the region was 873 mm in
1961-1970, it decreased by 1.6% in 1971-1980 com-
pared to the previous decade, increased by 0.9% in
1981-1990, and decreased by 9.3% in 1991-2000.
The amount of precipitation in the region in 2001-
2010 was 7.3% more than the previous 10 years.
However, the amount of precipitation here in 2011-
2020 decreased by 7.0%.

Conclusions. The following results were ob-
tained from the analysis conducted on the basis of
preliminary data on atmospheric precipitation in the
southern and southeastern of the Greater Caucasus
province for 1961-2023:

1. The average annual value of atmospheric pre-
cipitation in the southern and southeastern of the
Greater Caucasus province for 1991-2023 was 816
mm. 56% of the annual precipitation in the region fell

in the warm season, and 44% in the cold season.

2. In this part of the region, the mean annual pre-
cipitation decreased by 6% (52 mm) during the 2011-
2023 period compared to the 1981-2010 reference in-
terval. The greatest decrease by months occurred in
April and August, amounting to 15 mm.

3. While the region’s maximum precipitation ex-
hibited sharp interannual fluctuations up to 1992, the
period from 1993 to 2020 was characterized by in-
creased chaotic variability. This trend aligns with the
analogous features observed in contemporary warm-
ing patterns.

4. The region is dominated by the recurrence of
heavy precipitation, exceeding 120 mm, with an an-
nual recurrence rate of about 15%. The most frequent
occurrences of II and III in the region are less than 10
mm and 21-30 mm, which accounts for 11% of the
region's occurrence.

The southern and southeastern parts of the
Greater Caucasus province are the areas where the
country's main river systems are formed. These rivers
meet the agricultural and drinking water needs of not
only this area, but also neighboring regions. The de-
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Fig. 7. Dynamics of precipitation over decades in the southern and southeastern
of the Greater Caucasus province

crease in precipitation due to climate change leads to
a decrease in the water content of rivers. If this pro-
cess continues, serious difficulties may arise. It is true
that this area receives sufficient precipitation
throughout the year (with the exception of Gobustan
and Shamakhi), but the decrease in precipitation in
the summer months, especially when plants enter the
vegetation period, reduces productivity. Therefore, it

It is necessary to build reservoirs to meet the water
needs of the economy and people (especially neigh-
boring areas). In addition, in order to prevent water
loss, the channels and surfaces of the canals should
be closed with a special cover. In agriculture, it is im-
portant to plant drought-resistant plants and also to
conduct irrigation using new modern intensive meth-
ods (drip, spraying) rather than traditional ones.

is important to carry out proper irrigation measures.
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XapakTepuCTHKA CY4YaCHOI'0 POCTOPOBO-4aCOBOI0 PO3MOALTLY
aTMoc(epHUX ONAAIB Yy MiBJACHHIN TAa MiBIEHHO-CXIIHII YaCcTUHAX
periony Beiiukoro KaBka3sy

Jncaman Tyceiinoe !

1. himocodii (reorpadis),

! HamionanbHa aBianiiina akagemis, AT «AzepOaiimkaHchbKi apianinii», baky, AsepbaiimKan;
Annaxeepoi Tazice °

acImipaHT, HayK. CIiBPOOITHUK,

2 AzepOaiipKaHChKHUI epskaBHMI YHiBEPCHTET HAadTH Ta POMUCIIOBOCTI,

MinictepcTBO Hayku Ta ocBiTH A3epOaiimkancekoi Pecyomiku, baky, A3epOaiimkan;
Mexpiban Icmainosa’

1. pimocodii (Hayku npo 3emitro)

Hapasi rimo0anbHe MOTeIUTiHAS, IO CIIOCTEPiracThes Ha 3eMIIi, IposBisie cBoi Hachigky Ha [liBnenHoMy KaBkasi, sk
1 B yCiX iHIIMX perioHax. 31 3pOCTaHHSAM TEMIIEpaTypH MOBITPs HU3KA KIIMAaTHYHUAX EJIEMEHTIB 3MIHIOE CBOI JIOBIOCTPO-
KOBi 3akoHOMipHOCTI. [IpoaHaizoBaHO Cy9acHi IMPOCTOPOBO-YacOBi 3MiHM aTMOC(EpHUX OMAaJiB y MIBICHHIA Ta IiB-
JICHHO-CX1/IHI} yacTUHax periony Benukoro Kaskasy. JlociipkeHHsI TPOBOAMIIOCS 3 METOI0 BU3HAUESHHS BIUIMBY 3MiHH
KIIIMaTy Ha TMPOCTOPOBO-YaCOBHU PO3MOMALT aTMOC(HEPHUX OMAMIiB y MiBACHHIHN Ta MiBICHHO-CXIIHIN YacTHHAX PETiOHY
Benukoro KaBka3y. B aHasizi BUKOPUCTOBYBAJIMCS JaHi CIIOCTEPEIKCHD 32 aTMOC(EPHUMH OTIagaMH, 3i0paHi 3 rigpome-
TEOPOJIOTIYHMX cTaHIi# 3akarana, Orys, Lllekun, Icmaimmm, [1lamaxu, ['abana, [oOycTan, Capibam Ta Amibaii 3a mepiof 3
1961 no 2023 pik. JlocmipKeHHs IPOBOIUIIOCS 3 BAKOPUCTAHHIM CYy4aCHUX MaTeMaTHKO-CTaTUCTUYHUX, (DI3UYHUX, Kap-
torpadiuanx MetoniB Ta ['IC-TexHOMOTIH. Y MOCHIIKEHHI PO3NITHYTO eKCTPEeMasbHI BUMIAJKA aTMOC(EPHIX OMAaIiB 3
1961 no 2023 pik, a TAKOX Cy4YacHi MPOCTOPOBO-YACOBI XapaKTEPUCTHKH PO3MO/iTy (MiCS4HI, CE30HHI, PiYHI Ta TOBEPX-
HeBi) 3a mepion 3 1991 mo 2023 pik. I1ix yac arani3y Oyiro BU3HAUEHO, IO CepeHs OaratopiyHa KilbKiCTh aTMOCHEpHIX
omaJiB y MiBJEHHIH Ta MiBAEHHO-CX1HIN yac THHAaX perioHy Benukoro KaBkasy craHoButh 816 MM. I3 3arasnbHoi piuHOl
KUTBKOCTI omafiB y perioni 56% mpumagae Ha Terumi nepiox, a 44% — Ha XOnomHUHA. 3arajoMm y Iiil YacTHHI PerioHy
KUTBKICTh OTAJIiB 3MEHIIYETHCS BiJl OUTBIIMX BHCOT IO HU3HH Ta 3 MIBHIYHOTO 3aXOMy HA MIBICHHHUU CXifl. Y TOCIIIKY-
BaHill 30HI 3MEHIIEHHS KiTBKOCTI OMaJiB CHOCTEPIraeThCcs B yci MicAlll, KpiM CigHA, Oepe3Hs Ta TpaBHA. 3MEHIICHHS
KIJIBKOCTI OTIa/1iB Y BECHSIHI Ta JIITHI MicsIi 0COOJIMBO HETaTUBHO BIUIMBAE Ha PO3BUTOK CLITBCHKOTOCIIONAPCHKUX KYJIBTYP,
OCKLTBKH 30iraeThed 3 iX BereTamifHuM repiogoM. Omaay B perioHi mepeBaykKHO MaIOTh IIOBTOPIOBaHICTh 120 MM i BuIIIe.
Pesynbratu nociimpkeHHS MOXYTh OyTH BUKOPUCTaHI JJIsl CTBOPEHHS! HOBUX CLIBCHKOTOCHONAPCHKUX YTiflb, CKIIAJAaHHS
KapT, eKOHOMIYHHX OIIIHOK Ta PO3POOKH 3aXO/iB MO0 ITOM'SIKIIICHHS HACTIIKIB 3MiHU KITiMaTy.

Knrwouosi cnosa: smina knimamy, ammocgepni onaou, I'IC-mexnonoeis, mexca nosmoproeanocmi onaoie, pinuye-
8ull iHmezpa, KOB3HA cepeOHsl GeTUYUNA, AHOMATISL ONAdis.

BHecoK aBTOpIiB: BCi aBTOpM 3p0OUAKN PiBHMIN BHECOK Y Lt poboTy Hagiiwna 18 ntotoro 2025 p.
KoH®niKT iHTepeciB: aBTOpKU NOBIiAOMAAIOTbL NPO BiACYTHICTb KOHONIKTY iHTepeciB MpuitHATa 9 KBiTHA 2025 p.
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