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Abstract⎯ Based on daily meteorological data, spatial and temporal distributions of 
extreme precipitation in 1961–2018 were examined for the North Caucasus and the 
Crimean Peninsula. Extreme precipitation indices recommended by the Expert Team for 
Climate Change Detection and Indices were calculated for 45 meteorological stations. 
Analysis shows that the highest values of extreme precipitation indices are on the Black 
Sea coast of the Caucasus, except duration of dry spell, because of the atmospheric 
circulation features and the complex orography of studied area. Extreme precipitation 
trends are spatially incoherent and mostly statistically insignificant over the studied 
territory. Significant upward trends on the Caspian Sea coast and Stavropol Upland and 
statistically significant decreasing trends in the fixed threshold-based indices and all 
intensity indices over the Crimean Peninsula were detected. Positive and significant 
correlation between precipitation indices (except consecutive dry days) and altitude was 
obtained. 
Key-words: extreme precipitation, indices, trend, North Caucasus, Crimean Peninsula 

 

1. Introduction 

The observed trend of climate change has been particularly noticeable since the 
1970s (Hartmann et al., 2013). Against the backdrop of global air temperature 
trends, cases of extreme events associated with precipitation in the middle 
latitudes of the Northern Hemisphere are becoming more frequent (IPCC, 2014). 
Changes in extreme precipitation are of great interest around the world because 
of its huge potential impact on efficiency of the activities in many sectors of 
economy and human life (Changnon et al., 2000; Zhang et al., 2017). 
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Extremely low precipitation leads to drought, wildfires, swallowing of rivers, 
hindered navigation and water supply, and crop losses (Ray et al., 2015). Droughts 
in many Russian regions and subsequent wildfires caused great disasters in 2010, 
2012, and 2019. In reverse, heavy rainfall causes floods, erosion, and landslides in 
the mountains. A good example is the floods in Krasnodar Krai of Russia in early 
July 2012, when the equivalent of two-five months precipitation norm fell in short 
time (Meredith et al., 2015, Kotlyakov et al., 2013). Lack of water in reservoirs on 
the Crimean Peninsula, Krasnodar Krai, and other regions of Northern Caucasus in 
2019 resulted from abnormally warm weather and prolonged lack of precipitation. 

Unlike temperature extremes, the distribution of extreme precipitation is 
spatially and temporally incoherent in many regions (Frich et al., 2002; Alexander 
et al., 2006; Donat et al., 2013). Precipitation extremes have been studied in many 
regions all over the world, e.g., in Asia (Limsakul and Singhruck, 2016; Khan et 
al., 2019; Wang et al., 2012; Liu et al., 2013; Tong et al., 2019; Yang et al., 2019; 
Nie et al., 2019), Europe (Klein Tank and Konnen, 2003; Mathbout et al., 2018; 
Popov et al., 2018; Bartolomeu et al., 2016; Lupikasza, 2010), and North America 
(Brown et al., 2010; Sayemuzzaman and Jha, 2014). 

Previous studies in Russia have also found spatially and seasonally incoherent 
patterns of change in extreme precipitation. The conclusion thereof, as reflected in 
the Second Roshydromet Assessment Report on Climate Change and its 
Consequences in the Russian Federation across the European part of Russia, is that 
there was an increase in annual rainfall over 1936–2010 (Second Roshydromet 
Assessment Report, 2014). For the southwestern part of Siberia, no significant 
trends were observed over 1969–2011 in relative and absolute precipitation indices 
(ETCCDI indices) at the regional level (Degefie et al., 2014). In the densely 
populated territories of Russia, the frequency of extreme winter precipitation has 
increased by an average of 20–40%. Rising occurrence rates of extreme summer 
precipitation were observed in the Central Black Earth Region of the European part 
of Russia over 1961–2013 (Zolotokrylin and Cherenkova, 2017). In 2000–2015, 
extreme winter precipitation was observed on a greater number of days per year 
compared to 1970–1999 in the European part and in the southern part of Russia 
(Titkova et al., 2018). Paper Ye (2018) identifies a correlation between air 
temperature and wet/dry periods: higher air temperatures were consistently 
associated with longer dry periods and shorter wet periods in summer. Opposite 
tendencies in annual precipitation amount, daily precipitation maximum, and 
number of days with precipitation in different seasons were obtained for foothill 
and steppe zones in the central part of North Caucasus for 1955–2004 (Ashabokov 
et al., 2008). Later Tashilova et al. (2019) found not unidirectional changes in the 
precipitation regime in the Caucasian region during 1961–2011.  

Whether globally or specifically in Russia, there are no clear patterns of 
extreme precipitation. The goal, hereof, is to investigate the spatio-temporal 
variability of extreme precipitation over North Caucasus and the Crimean 
Peninsula for 1961–2018. 
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2. Data and methods 

2.1. Study area 

The studied area includes the territory of the North Caucasus and the Crimean 
Peninsula. The North Caucasus consists of the northern slopes of the Greater 
Caucasus Mountains and Ciscaucasia. The northern border of Caucasus passes 
through the Kuma-Manych Depression, the Sea of Azov, and the Kerch Strait. It 
is bounded by the Black Sea in the west. The region is located on the border of 
temperate and subtropical latitudes, not far from the warm Mediterranean Sea. 
The movement of air masses and their transformation in the territory of the North 
Caucasus are extremely complex and diverse. Cyclones nearly always come from 
the west or northwest, and as they move to the east and southeast, the air masses 
they bring lose moisture. The western lowlands of Ciscaucasia are more humid 
than their eastern part. In the west, the annual precipitation is 380–520 mm, and 
in the Caspian region, it is only 220–250 mm. In the foothills and the Stavropol 
Upland, precipitation rises to 600–650 mm. The situation is further complicated 
by the extreme irregularity of precipitation over time. The eastern part of the 
studied region (the Caspian Sea coast) shows a high precipitation concentration 
index (Vyshkvarkova et al., 2018), which allows to detect relative contribution 
of rainy days to the total amount (Martin-Vide, 2004). Mountain slopes are 
much better moistened: in the mountains of the Western Caucasus at altitudes 
above 2000 m, 2500–2600 mm precipitation falls in a year; to the east, their 
number decreases to 900–1000 mm. 

The Crimean Peninsula has a diverse climate and includes several types of 
it: steppe, subtropical, and mountain climate. The average annual rainfall varies 
from 250 mm in the steppe zone to 1000 mm and more in the Crimean Mountains. 

2.2. Data source and methodology  

The analysis of changes in extreme climate indices over 1961–2018 was carried 
out using climatological data set of daily precipitation collected at 45 
meteorological stations over the North Caucasus and the Crimean Peninsula 
(Fig. 1). One station is located in Caspian Sea on Tyuleny Island. Data were 
provided by the All-Russian Research Institute of Hydrometeorological 
Information – World Data Centre (RIHMI-WDC) (http://aisori-m.meteo.ru). 
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Fig. 1. Studied area and location of meteorological stations. 

 
 
The input data were used for calculation of 10 extreme climate indices 

recommended by the CCl/CLIVAR Expert Team for Climate Change Detection 
and Indices (ETCCDI) for climate change assessment 
(http://www.clivar.org/organization/etccdi). Definition of extreme precipitation 
indices is presented in Table 1. Data quality control and indices calculating were 
done using RClimDex software developed by Zhang and Yang (2004) (freely 
available from http://etccdi.pacificclimate.org/software). Extreme precipitation 
indices are usually divided into two groups: indices in precipitation (RX1day, 
RX5day, PRCPTOT, R95p, R99p) and SDII, and indices in the number of 
precipitation days (R10 mm, R20 mm, CDD and CWD) (Wang et al., 2013, Liu 
et al., 2013). Indices also can be divided into fixed threshold-based indices (R10 
and R20), duration-based indices (CDD and CWD), absolute indices (RX1day, 
RX5day, PRCPTOT and SDII), and percentile-based indices (R95p and R99p) 
(Alexander et al., 2006).  

The trend magnitudes were calculated using the non-parametric Sen’s slope 
estimator (Sen, 1968) and the least squares method. Statistical significance of the 
trends was detected depending on the Mann–Kendall test with a 95% confidence 
level (Mann, 1945; Hamed and Rao, 1998). The probability density functions for 
each index were calculated for two subperiods: 1961–1990 and 1991–2018. The 
two-tailed nonparametric Kolmogorov–Smirnov test was performed to test 
whether the distributions changed significantly between the two specified periods 
and to confirm observed trends (Dodge, 2008). The Pearson`s correlation 
coefficient was used to analyze the relationship between extreme precipitation 
indices and altitude. All tests and calculations were performed in XLSTAT 
Version 2014.5.03. 
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Table 1. Definition of extreme precipitation indices used in the study 

ID Indicator name Definition Units 

CDD Consecutive dry days Maximum number of consecutive days 
when precipitation ≤1mm 

days 

CWD Consecutive wet days Maximum number of consecutive days 
when precipitation ≥1mm 

days 

PRCPTOT Annual total wet-day 
precipitation 

Annual total precipitation from days ≥ 
1mm 

 mm 

R10mm Number of heavy 
precipitation days 

Number of days per year when 
precipitation ≥10 mm 

days 

R20mm Number of very heavy 
precipitation days 

Number of days per year when 
precipitation ≥ 20 mm 

days 

RX1day Max 1-day precipitation 
amount 

Annual maximum 1-day precipitation mm 

RX5day Max 5-day precipitation 
amount 

Annual maximum consecutive 5-day 
precipitation 

mm 

SDII Simple daily intensity index The ratio of annual total precipitation to 
the number of wet days (≥1 mm) 

mm/day 

R95p  Very wet days Annual total precipitation from days  ≥ 
95th percentile 

mm 

R99p  Extremely wet days Annual total precipitation from days  ≥ 
99th percentile 

mm 

 
 
 

3. Results  

3.1. Spatial distribution of extreme precipitation indices 

Consecutive dry days (CDD) and wet days (CWD) are duration indices based on 
the maximum duration of dry and wet periods. CDD values over the studied area 
varied from 19 to 55 days and peaked in the Caspian Sea coastal zone (Tyuleny 
Island). The Black Sea coast has the lowest CDD index. In the steppe part of the 
studied region, the index is 29–33 days. In Crimea, the index varies from 31 days 
on the south coast to 41 days in the north. The opposite patterns are typical for the 
CWD index. The lowest values are observed for the coast of the Caspian Sea 
(3 days), and the highest are found on the Black Sea coast of Caucasus and on 
high mountain stations (up to 10 days). In Crimea, the index is 5–6 days. All 
indices, except CDD peak on the Black Sea coast, decrease towards the north and 
northeast. 



326 

Spatial distribution of the PRCPTOT index values corresponds to the annual 
precipitation. The highest values (1600–1800 mm) are found high in the 
mountains. This region features the greatest total precipitation of different types 
(showery and compound) in Russia (Chernokulsky et al., 2018 over 1966–2014). 
The coast of the Caspian Sea has the lowest value of the index. On the Black Sea 
coast of Caucasus, the annual precipitation increases southwards from 500 mm in 
Anapa to 1600 mm in Sochi. Over the Crimean Peninsula, PRCPTOT rises from 
the north (about 400 mm) to the south towards the Crimean Mountains. 

Indices R10mm and R20mm are frequency indices which are based on the 
absolute threshold. They represent the number of days of heavy and very heavy 
rainfall when the daily precipitation is 10 or 20 mm higher, respectively. R10mm 
ranges from 4 to 63 days per year. The number of heavy precipitation days rises 
from NW to SE over the North Caucasus and peaks on the western slopes. In the 
Crimea, the index varies from 9 to 18 days. 

R20mm index has an identical spatial distribution. Values range from 1 day 
on the Tyuleny Island to 33 days per year in the mountains. It varies from 2 to 
5.5 days/year in the Crimea. The annual index RX1day (90 mm) peaks in the 
Kluxor Pereval (a mountain pass across the Main Caucasian Range). Large values 
were also observed for the Black Sea coast of the Caucasus (Sochi region) (as in 
Ashabokov et al. (2017) over 1961–2011). Eastern arid zone has low values of 
RX1day index (about 30 mm). The Crimean Peninsula has a fairly even 
distribution of the index (30–40 mm). The annual index RX5day ranges from 35 
to 180 mm. It varies within 40–70 mm in the Crimea and peaks on the Black Sea 
coast. These indices represent the maximum single-day and consecutive five-day 
precipitation amounts, respectively, to provide information about the most rainy 
periods of the year; they are a potential flood indicator. A simple index of 
precipitation intensity (SDII) also peaks on the Black Sea coast of the Caucasus 
(14 mm/day), and it is minimal in the east of the studied region (about 5 mm/day). 
It varies slightly (5 – 7 mm/day) in the Crimea. 

The highest value (350–450 mm) for annual total precipitation on days above 
the 95th percentile (R95p) is found on the Black Sea coast of the Caucasus 
Mountains, and the lowest value is for the north-eastern part of the studied area 
and the northern coast of the Caspian Sea. 

The North Caucasus and the Crimean Peninsula mainly have R95p of about 
30–40 mm. The eastern arid region has the lowest R99p (about 20 mm). The Black 
Sea coast of the Caucasus has the highest annual total precipitation on days above 
the 99th percentile (110–150 mm). 

3.2. Trends in precipitation extremes 

Table 2 shows the generalized results of trend analysis and the percentage of 
stations with positive and negative trends in annual precipitation indices. 
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Table 2. Percentage (%) of stations with positive or negative trends for extreme 
precipitation indices over the North Caucasus and the Crimean Peninsula 1961–2018 

 Index Sig (+) Non-sig (+) Sig (–) Non-sig (–) No trend 

CDD 8.89 37.78 2.22 11.11 40 

CWD 13.33 – – – 86.67 

PRCPTOT 22.22 57.78 – 20 – 

R10mm 20 22.22 4.44 8.9 44.44 

R20mm 11.11 4.44 11.11 4.44 68.9 

RX1day 6.67 44.44 11.11 37.78 – 

RX5day 8.89 55.55 6.67 28.89 – 

SDII 22.22 28.9 15.55 15.55 17.78 

R95p 13.3 51.2 13.3 22.2 – 

R99p 8.9 4.4 – 4.4 82.3 

 
 
 

The consecutive dry days (CDD) showed a positive (dry) trend at 47% of all 
stations, 9% of them exhibited a statistically significant increase. Significant 
upward trends were found on the Crimean Peninsula reaching 2–4 days per decade. 
Results showed that the negative slopes of CDD were concentrated in the Caspian 
lowland (Fig. 2). Most stations (about 87%) did not show any trends in wet periods 
(the CWD index). The stations, where CWD exhibited significant positive trends, 
were mainly those on the Crimean Peninsula (+0.3 to 0.6 days/decade). For annual 
precipitation (PRCPTOT), statistically significant increase was typically observed 
for the Caspian Sea coast (23 mm/decade in Astrakhan, north coast of the Caspian 
Sea) and in the Stavropol Upland (9 to 17 mm/decade). More than 42% of the 
stations showed an increase in R10mm, but only 20% of those had a statistically 
significant change (0.3 to 0.5 days/decade on the Caspian Sea coast and 0.9 to 1.1 
in the mountains). Significant decrease was observed on the Crimean Peninsula 
(about –1 day/decade). About 70% of the stations did not show any change in 
R20mm. Stations that showed statistically significant increase were concentrated 
in the Stavropol Upland, where the change reached 0.5 days/decade. As for 
RX1day, half of the stations had a positive trend, and the rest had a negative trend, 
which were statistically significant for only 7% and 11% of the stations, 
respectively. Statistically significant decrease was mainly observed on the Crimean 
Peninsula (–5.5 mm/decade on the west coast of peninsula). As for RX5day, about 
65% of the meteorological stations showed positive trends but only 9% showed 
significance, mainly those in the Stavropol Upland (4.5 mm/decade). The Stavropol 
Upland is the climatic border between the eastern and western part of Ciscaucasia. 
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The percentages of stations with positive and negative trends for SDII are 51% 
(22% statistically significant) and 31% (15% statistically significant), respectively. 
Increasing trends for intensity index were observed in the Stavropol Upland and on 
the coast of the Caspian Sea (0.1 mm/day per decade on average), while significant 
decrease was mainly found on the Crimean Peninsula (ranging from -0.1 to -0.4 
mm/day per decade). For very wet days (R95p), 65% of the stations showed an 
upward trend, while 13% of all stations observed statistically significant changes. 
Most of the stations situated on the Crimean Peninsula had downward trends for 
R95p (ranging from -12 to -22 mm/decade). In the studied area, about 82% of 
meteorological stations did not show any trends in R99p. 

 
 
 

 

 
Fig. 2. Spatial distribution of trends over the North Caucasus and the Crimean Peninsula 
in 1961–2018. 
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Fig. 3 shows the regional average series of extreme precipitation indices. In 
1961–2018, all extreme precipitation indices were rising in the studied region, 
although insignificantly. The regional trend for dry periods (CDD) over 1961–
2018 was 4.5 days/decade. PRCPTOT for the studied area was rising at a rate of 
5.4 mm/decade. Simple daily intensity index (SDII) showed virtually no change 
in the regional average (0.1 mm/day per decade). Fixed-threshold indices 
(R10mm, R20mm and CWD) changed only slightly (0.1 to 0.7 days/decade). 
Percentile-based indices (R95p and R99p) had upward trends (not significant) and 
reached 16 and 23 mm/decade respectively. Maximum 1-day and 5-day 
precipitation amount also exhibited an upward trend at 3 and 6 mm/decade, 
respectively. 

 
 
 
 

 
Fig. 3. The regional average series of extreme precipitation indices over 1961–2018. Thin 
black lines represent average values of indices, bold black lines represent the 5-year 
moving average, and dotted black lines show trends. The slopes of trends are represented 
in units per decade. 
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3.3. Changes in the average annual values of extreme precipitation indices 

Fig. 4 shows changes in the average annual values of extreme precipitation 
indices for 1961–1990 and 1991−2018. In order to examine changes in extreme 
precipitation indices (and to confirm the observed trends), the probability density 
functions (PDFs) for each index were calculated for two subperiods: 1961–1990 
and 1991–2018.  
 
 
 
 

 
 

Fig. 4. Changes in average annual values of extreme precipitation indices over the North 
Caucasus and the Crimean Peninsula in 1991–2018 relative to 1961–1990. Negative 
changes mean decreasing index value in period 1991–2018 compared with period 1961–
1990. Positive changes – vice versa. Significance of changes was determined by the 
Kolmogorov–Smirnov test on 95% confidence level. 
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The majority of stations did not show any statistically significant shifts (by 
the Kolmogorov-Smirnov test) in the index distribution between the two 
subperiods. The duration of dry and wet periods (CDD and CWD) as well as 
PRCPTOT showed positive changes in the latter period for the studied region  
(73–80%). PRCPTOT index exhibited statistically significant increase for the 
Caspian Sea coast in the latter period (p < 0.05). 

Fixed threshold-based indices (R10mm and R20mm) and all intensity 
indices (RX1day, RX5day, SDII, R95p, and R99p) shifted their distributions 
towards smaller values for the Crimean Peninsula in the latter period compared to 
the reference period (statistically significant at p < 0.05). Number of days with 
precipitation above 10 and 20 mm were observed in 1991–2018 for Ciscaucasia 
with single significant values for the Caspian Sea coast. 

3.4. Correlation between extreme precipitation indices and altitude 

As it was mentioned above, the region has complex orography. Table 3 shows the 
Pearson correlation coefficients (r) for extreme precipitation indices and altitude. 
Except for CDD, extreme precipitation indices have positive correlations with 
altitude, and they all are statistically significant at 95% confidence level.  
 
 
 

Table 3. Correlation coefficients between extreme precipitation indices and altitude in 
1961–2018  

 
CDD CWD PRCPTOT R10 

mm 
R20 
mm RX1day RX5day SDII R95p R99p 

Altitude -0.41 0.51 0.43 0.43 0.35 0.32 0.39 0.31 0.43 0.44 

 
 
 

The North Caucasus can be divided into several zones by the nature of its 
landscape: plains (0–500 m a.s.l.), foothills (500–1,000 m a.s.l.), mountains 
(>1,000 m a.s.l.), and high-mountain (>2,000 m a.s.l.) (Tashilova et al., 2019). In 
addition, there are areas below sea level (the Caspian Lowland) were allocated. 
All Crimean stations are located in the plains (below 500 m). Table 4 shows the 
average values of extreme precipitation indices by the altitudinal ranges. 

As it is shown in Table 4, all indices (except CDD) display increase-
decrease-increase tendency as the altitude increases. CDD demonstrates an 
opposite distribution. Decrease in indices (except CDD) is typical for the 
mountain stations (1000–2000 m). This range is represented by one station 
(Akhty), located in the southeast of the studied region. Despite its altitude, the 
climate of this region is temperate continental with an annual precipitation of 
about 400 mm. The heterogeneity in the altitudinal changes of extreme 
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precipitation index is made by the region of the Black Sea coast of the Caucasus, 
which is characterized by high average annual precipitation (about 1500 mm). 

 
 

 
Table 4. Changes of extreme precipitation indices in altitudinal ranges 

Altitudinal 
ranges (m) 

CDD 
(days) 

CWD 
(days) 

PRCPTOT 
(mm) 

R10 
mm 

(days) 

R20 
mm 

(days) 

RX1day 
(mm) 

RX5day 
(mm) 

SDII 
(mm/day) 

R95p 
(mm) 

R99p 
(mm) 

-24 – 0 43.8 3.9 242.9 5.8 1.5 31.7 44.1 5.1 64.6 23.5 

0–500 32.1 5.4 515.2 14.5 4.5 40.0 62.9 6.4 121.1 38.8 

500–1000 24.7 7.5 1102.7 35.4 15.3 55.7 107.4 9.3 237.2 65.9 

1000–2000 35.3 4.4 376.3 10.7 2.4 31.7 46.5 5.9 79.9 24.1 

>2000 23.4 8.0 1131.0 35.2 14.3 60.2 114.2 8.9 266.7 86.2 

 
 

 

4. Discussion and conclusions 

This paper dwells upon the spatial and temporal distribution of climate 
extremes indices for the North Caucasus and the Crimean Peninsula. The analysis 
is based on the climate data for 1961–2018 from 45 meteorological stations. 
Climate extremes indices recommended by the World Meteorological 
Organization (CCL/CLIVAR/JCOMM) and the Expert Team on Climate Change 
Detection and Indices (ETCCDI) were used. The use of these indices enables 
comparison of analyses carried out in any regions and combining them in a global 
picture (Zhang et al., 2011). 

Analysis shows that all indices (except CDD) peak for the Black Sea coast 
of Caucasus, while the Caspian Sea coast and the Caspian Lowland have the 
lowest values, which is due to the features of atmospheric circulation over this 
region and to the complex orography. The greatest amount of precipitation is 
associated with westerly winds that carry moisture from the Atlantic. Their 
humidity is then subject to the interference from the slopes of the mountains and 
hills facing west, and in the east, the climate becomes drier and more continental 
(Vyshkvarkova et al., 2018). 

Extreme precipitation trends are spatially incoherent and mostly statistically 
insignificant in the studied territory. Statistically significant downward trends in 
the fixed threshold-based indices and all intensity indices were detected for the 
Crimean Peninsula. At the same time, the Stavropol Upland had statistically 
significant upward trends in these indices as well as in PRCPTOT. Both dry and 
wet periods have been growing longer simultaneously on the Crimean Peninsula. 
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A similar trend was observed for some regions of the central and southern part of 
European Russia in 1950–2009 (Zolina et al., 2013). Statistically significant 
downward changes in the average annual extreme precipitation indices (except 
the duration of dry and wet periods and the precipitation amount) were detected 
for the Crimean Peninsula. Precipitation indices (except consecutive dry days) 
and altitude were found to correlate positively and significantly.  

Neither Russia nor the Caucasus show clear signs in the changes of extreme 
precipitation regime. The results obtained in the article are consistent with the 
regional changes in extreme precipitation observed in the southern part of 
European Russia. Aleshina et al. (2018) found significant trends in precipitation 
intensity and total monthly precipitation for no more than two months a year on 
the Black Sea coast over 1984–2014. Extreme precipitation growth (R95tot index) 
of up to 3% per decade was observed for the southern part of European Russia in 
1950–2000 (Zolina et al., 2009). Bulygina et al. (2007) did not identify significant 
changes in days with extremely large daily precipitation when comparing 1951–
2006 records to 1977–2006 records for Southern Russia. 

According to the Second Roshydromet Assessment Report on Climate 
Change and its Consequences in the Russian Federation (2014) in winter, 
throughout the 21st century for all scenarios, there is a steady positive trend in 
precipitation all over Russia. Summer precipitation in the southern regions is 
projected to drop by up to 25% compared to the late 20th century. Maximum five-
day precipitation in a year will increase by the mid-21st century; by the end of the 
current century, they will rise by up to 10% against the baseline. In the southern 
regions (including the Caucasus Mountains), the significant relative increase in 
the precipitation intensity maximum is expected by the middle of the 21st century 
according to the CMIP5 ensemble projections (Khlebnikova et al., 2019). At the 
same time, the frequency of extreme precipitation will decrease in the southern 
parts of Russia by the end of the 21st century according to results obtained by 
Aleshina et al. (2019). Apparently, there is no clear signal of changes in extreme 
precipitation in the future 

Redistribution of precipitation throughout the year, observed changes in 
precipitation regime, and possible changes in the intensity and frequency of 
extreme precipitation events in the future are becoming one of the main threats 
facing the region. The studied region has had to address water shortages in recent 
years (poor filling of reservoirs in the Crimea and Krasnodar Krai). This provides 
a more detailed picture of the spatially coherent trends in precipitation extremes 
over the territory of the North Caucasus and the Crimean Peninsula. It also calls 
for further research of different periods of the year (not only seasons), for 
example, for the vegetation periods of different crops, because Ciscaucasia is an 
agricultural region. Due to its complex orography, part of the studied area is flood-
prone, while droughts and related problems (crop loss, reservoir underflow, etc.) 
are possible in other parts. 
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