
Extreme precipitation recorded at 23 weather stations in the 
Crimea and at 12 meteorological stations on the Eastern coast of 
the Black Sea according to reanalysis data are discussed. 

The analysis of the evolution of a number of characteristics in an 
abstract system of relations depending on the change in its 
maximum scale coefficient is given.

The features of the development of a complex system of 
humanity are revealed. The possibilities of human and human 
actions are included in the system model.
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CONNECTION OF EXTREME PRECIPITATIONS ON THE EAST COAST OF 

THE BLACK SEA WITH MACROCIRCULATIONAL PROCESSES 
  

Abstract. The paper discusses extreme precipitation recorded at 12 meteorological stations on 

the Eastern Coast of the Black Sea according to reanalysis data and at three stations according to their 

observations. Comparison of observational data with reanalysis data is carried out. The relationship 

between extreme precipitations at each station and elementary circulation mechanisms (ECMs) 

according to typification developed by B.L. Dzerdzeevsky, V.M. Kurganskaya, and Z.M. Vitvitskaya 

has been analysed. ECMs was revealed, at which precipitation extremes were noted simultaneously at 

several stations. It has been established at which ECMs on the Eastern coast of the Black Sea extreme 

precipitation most often occurs, and long-term changes in the duration of these ECMs are analysed. 
Key words: elementary circulation mechanism, extreme precipitation, Eastern Coast of the 

Black Sea. 
 

INTRODUCTION 
Work on finding relations between precipitation and macrocirculation processes using 

the typification by B.L. Dzerdzeevsky, V.M. Kurganskaya, and Z.M. Vitvitskaya [4] was 

carried out by S. B. Velev and N.K. Kononova since 1975 [2, 3]. This research was carried 

out using reanalysis data [10], as well as data of meteorological observations [1, 9]. 

Comparison of observational and reanalysis data for Tuapse, Sochi, and Krasnaya Polyana 

stations showed that differences exist, but they do not prevent the identification of the main 

regularities. A source of cyclone formation has been identified, from which abundant and 

catastrophic precipitation to the Eastern coast of the Black Sea are brought. The recurrence of 

extreme precipitation at different stations over the years and over the cold and warm periods 

has been established. Based on the analysis of fluctuations in atmospheric circulation, an 

assumption was made about a further increase in extreme precipitations.  
  

MATERIALS AND METHODS 
In the paper, extreme precipitations are divided into 2 categories: abundant 

precipitations, for which the daily precipitation amounts exceeding 5% of the annual amount 

of the year under consideration and catastrophic precipitations exceeding 10% of the annual 

amount of the current year per day are taken [8]. Since such daily precipitation amounts do 

not occur every year, we have chosen the maximum amount of precipitations in each year. 

Sometimes it exceeds the estimated catastrophic amount, but more often it does not reach a 

level of abundant downfall. ECMs are determined for each day with the maximum amount of 

precipitations in each year [7]. It also takes into account the amount of precipitations between 

the estimated 5 per cent amount and the maximum level, if the maximum exceeds 5 per cent, 

as well as the ECMs at which they fell. Calculation of the ECMs frequency, which caused 
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Relationship of extreme precipitations on the Eastern Black Sea Coast with … 

THE COMPLEX SYSTEMS, № 3 (9), 2020  29 

extreme precipitation in each year at each station, makes it possible to identify ECMs, in 

which extreme precipitation falls, often causing natural disasters [5]. 
 

RESULTS AND DISCUSSION 
Long-term fluctuations in atmospheric circulation. Let us analyse the fluctuations in 

the annual duration of groups of circulation types since 1899. As can be seen Fig. 1, for the 

period under consideration in all years, except for the 30–40s and 80–90s, the meridional 

Northern circulation group (blocking processes) prevailed in the lower troposphere of the 

Northern Hemisphere [8]. In the 1930s – 1940s, it was interspersed with the zonality 

disturbance group, and in the 1980–90s - with the meridional Southern group (the upcoming 

of cyclones from low to high latitudes). In 2010–2019, for which extreme precipitation was 

considered, the duration of both groups was longer than their average values. In 2010–2014, 

the duration of the meridional Northern group ranged within 216–263 days a year, with an 

average long-term period of 197 days. By 2017, its duration had decreased to 174 days, and in 

2019 it increased again to 230 days. Duration of a meridional Southern group in 2010–2014 

ranged from 62 to 77 days, with an average value of 51 days. This was the lowest level since 

1997 when the maximum level has attained 179 days. By 2017, it rose again to 172 days, and 

in 2019 it decreased to 118 days. Annual precipitation amount has generally followed changes 

in atmospheric circulation. The main role in the formation of extreme precipitation is played 

by meridional Southern processes, during which Mediterranean cyclones reach the Black Sea 

and leave moisture on its shores, but the main role is played by the meridional Northern ECM 

12a, with which Mediterranean cyclones enter the Black Sea [2, 3]. 

 

  
  

Fig. 1. Duration of circulation groups in the Northern Hemisphere: 1 - zonal, 2 - mean zonal group, 3 

- zonality disturbance, 4 – mean zonality disturbance, 5 - meridional north, 6 - meridional north mean, 

7 - meridional Southern, 8 - mean meridional Southern. 
  

ANNUAL AMOUNTS AND DAILY PRECIPITATION MAXIMUMS AT 

METEOROLOGICAL STATIONS ON THE EASTERN COAST OF THE BLACK 

SEA ACCORDING TO DATA REANALYSIS  
Gelendzhik. As seen in Fig. 2, the annual amount of precipitations in Gelendzhik from 

2010 to 2011 increased from 659.5 to 677.4 mm, and by 2012 it decreased to 457.4 mm. Then 

it grew by 2016 to 692 mm and in 2019 it was only 556.8 mm. The maximum precipitation 
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was noted in 2016, the secondary maximum was in 2018 (679.8 mm); the minimum of 

precipitation was in 2012; the secondary minimum was in 2019 (556.8 mm). 

Fig. 3 shows the repeatability of ECMs, at which extreme precipitation fell. In total, 13 cases 

of extreme precipitation were recorded over the decade. No catastrophic precipitation was 

noted. In all years except 1011, 2014 and 2015, the extreme precipitation had annual 

maximums that were less than 5% of the annual precipitation (heavy). Abundant precipitation 

was noted in 2011; it also took place three times in 2014 and twice in 2015. In 6 cases out of 

13, they fell at ECMs 12a (Fig. 4, 5). All dynamic schemes are given according to [6], all 

weather maps are taken from the Synoptic Bulletins of the Hydrometeorological Centre of the 

Russian Federation for 2010 - 2019. 

  
Fig. 2. Annual precipitation amount in Gelendzhik Fig. 3. Number of ECM cases causing extreme 

precipitation 

  

  
Fig. 4. Dynamic scheme of ECMs 12a [6] Fig. 5. ECM 12a 

 

This is a meridional Northern process with four blocking anticyclones and four releases 

of Southern cyclones, one of which passes from the Eastern Mediterranean through the Black 

Sea to the ETR. In 4 cases, precipitation occurred with ECMs 13s (Fig. 6, 7) at cyclones that 

also left the Eastern Mediterranean coming to the ETR. Since an anticyclone is located above 

the ETR, the cyclone cannot go further, and all precipitation pours onto the shores of the 

Black Sea. One case fell during ECMs 13w (Fig. 8, 9), 12bw (10, 11) and 12bs (Fig. 12, 13). 

In all cases, precipitation was carried by cyclones passing from the Eastern Mediterranean 

through the Black Sea to the ETR. In 4 cases, extreme precipitation fell in the cold period, and 

in 9 - in the warm one. 
Dzhubga. As seen in Fig. 14, from 2010 to 2011, the annual amount of precipitations in 

Dzhubga, like in Gelendzhik, increased from 768.6 to 855.2 mm, and by 2012 it decreased to 

599.5 mm. Then it grew by 2016 to 826.4 mm, and in 2019 it was 635.4 mm. The maximum 
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precipitation was noted in 2011, the secondary maximum was in 2016; the minimum of 

precipitation was in 2012, the secondary minimum was in 2019. 

 

  

Fig. 6. Dynamic scheme for the ECMs 13s Fig. 7. The ECMs 13s 

  
Fig. 8. Dynamic scheme for the ECMs 13w Fig. 9. The ECMs 13w 

  

Fig. 10. Dynamic scheme for the ECMs 

12bw 
Fig. 11. The ECMs 12bw 

Weather map 
18 May 2014 

Weather map 
08 September 2018 

Weather map 
15 October 2010 
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Fig. 12. Dynamic scheme for ECMs 12bs Fig. 13. The ECMs 12bs 

  
Fig. 15 shows the repeatability of ECMs, at which extreme precipitation fell. In total, 13 

cases of extreme precipitation were recorded over the decade. No catastrophic precipitation 

was noted. During 5 years (2013 and 2016–2019), extreme precipitations were annual 

maximums, which did not reach 5% of the annual precipitation (abundant). Abundant 

precipitation was noted twice a year in 2012, 2014 and in 2015. In 6 cases out of 13 they fell 

out during ECMs 12a (Fig. 4, 16). In 2 cases, precipitation occurred with ECMs 13s (Fig. 6, 7, 

17), 13w (Fig. 8, 9) and 12bw (10, 19). In one case, they fell out during ECMs 3 (Fig. 20, 21). 
  

  
Fig. 14. Annual precipitation amount in Dzhubga Fig. 15. Number of ECM cases causing extreme 

precipitation in Dzhubga 

  
Fig. 16. The ECMs 12a Fig. 17. The ECMs 13s 
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Fig. 18. The ECMs 13w Fig. 19. The ECMs 12bw 

  
Fig. 20. Dynamic scheme for the ECMs 3 Fig. 21. The ECMs 3. 

  
According to the dynamic scheme (Fig. 20), there should be no cyclone over the Eastern 

Mediterranean and over the Black Sea. But in rare cases, the anticyclone, which extends from 

the north of Western Siberia to the Mediterranean, is divided into 2 cores (Fig. 21), and a 

cyclone passes between them. In 5 cases, extreme precipitation fell during the cold period, in 

8 cases they were in the warm period. 
  
Goryachiy Klyuch. As seen in Fig. 22, the annual amount of precipitations in 

Goryachy Klyuch from 2010 to 2011 increased from 737.2 to 779 mm, and by 2012 it 

decreased to 566.6 mm. Then it increased by 2014 to 806.5 mm, and by 2019 it decreased to 

615.5 mm. The maximum precipitation was noted in 2014; the secondary maximum was in 

2016 (797.7 mm); the minimum precipitation was in 2012; the secondary minimum was in 

2019. 
Fig. 23 shows the repeatability of ECMs, at which extreme precipitation fell. In total, 11 

cases of extreme precipitation were recorded over the decade. No catastrophic precipitation 

was noted. In 5 years (2011 and 2016–2019), extreme precipitations have annual maximums, 

which did not reach 5% of the annual amount of precipitations (abundant). Abundant 

precipitation was noted twice in 2014. In 5 cases, extreme precipitation fell at ECMs 12a (Fig. 

4, 5, 16). In 2 cases, precipitation occurred at ECMs 13s (Fig. 6, 7, 17) and in one case at 

ECMs 12bw (10, 11, 19), 12bs (Fig. 12, 13), 8cw (Fig. 24, 25) and 13w (Fig. 8, 9, 18). 

Weather map 
06  January 2016 

Weather map 
15 October 2010 

Weather map 
10 Jule 2015 
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Fig. 22. Annual precipitation amount in 

Goryachy Klyuch 
Fig. 23. The number of the ECM cases that 

caused extreme precipitation in Goryachy Klyuch 

  
Usually, with ECMs 8cw (Fig. 24), the Black Sea finds itself in a spur of the 

anticyclone, which connects the Arctic invasion to Western Siberia with the Azores 

anticyclone. In this case (Fig. 25) the spur shifted to the south, and the Black Sea turned out to 

be on the Southern border of the vast Atlantic cyclone. In 6 cases, precipitation fell in the cold 

period, in 5 in the warm one. 
  

  
Fig. 24. Dynamic scheme for the ECMs 8cw Fig. 25. The ECMs 8cw 

  
Gorny. As seen in Fig. 26, the annual amount of precipitations in Gorny from 2010 to 

2011 increased from 971.6 to 1038.6 mm, and by 2012 it decreased to 731.2 mm. Then it 

increased by 2014 to 1,047.2 mm, and by 2019 it decreased to 724.6 mm. The maximum 

precipitation was noted in 2014 and the secondary maximum was in 2011; the minimum of 

precipitation was in 2019; the secondary minimum was in 2012. 
Fig. 27 shows the frequency of occurrence of ECMs, at which extreme precipitation 

fell. In total, 10 cases of extreme precipitation were recorded over the decade. Catastrophic 

precipitation and the second case of abundant precipitation were not observed in any year. In 

all years, the extreme precipitations were annual maximums, which did not reach 5% of the 

annual precipitation (abundant). In 3 cases, extreme precipitation occurred during ECMs 12a 

(Fig. 4, 5, 16) and ECMs 12bw (Fig. 10, 11, 19); one case fell during ECMs 8cw (Fig. 24, 

25), ECMs 3 (Fig. 20, 21), ECMs 13s (Fig. 6, 7, 17) and ECMs 1b (Fig. 28, 29). With ECMs 

1b, a cyclone from the Eastern Mediterranean passes through the ETR. In 6 cases, 

precipitation fell during the cold period, in 4 - during the warm one. 
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Fig. 26. Annual precipitation amount in Gorny Fig. 27. The number of the ECM cases causing 

extreme precipitation in Gorny 

  
Fig. 28. Dynamic ECMs scheme 1b Fig. 29. The ECMs 1b 

  
Tuapse. As seen in Fig. 30, the annual amount of precipitations in Tuapse from 2010 to 

2011 increased from 985.8 to 1079.6 mm, and by 2012 it decreased to 749.2 mm. Then it 

increased by 2014 to 1028.7 mm and by 2019 it decreased to 723.7 mm. The maximum 

precipitation was noted in 2011, the secondary maximum was in 2014, and a similar amount 

(1025.9 mm) fell in 2018. The minimum precipitation was in 2019, the secondary minimum 

was in 2012. Fig. 31 shows the frequency of occurrence of ECMs, at which extreme 

precipitation occurred. In total, 10 cases of extreme precipitation were recorded over the 

decade. Catastrophic precipitation and the second case of abundant precipitation were not 

observed in any year. In all years, except for 2012 and 2018, the extreme precipitations were 

annual maximums, which did not reach 5% of the annual precipitation (abundant). In 4 cases, 

extreme precipitation fell during ECMs 12a (Fig. 4, 5, 16), in 2 - during ECMs 12bw (Fig. 10, 

11, 19), one case fell during ECMs 13s (Fig. 6, 7, 17), ECMs 8cw (Fig. 24, 25), ECMs 3  

(Fig. 20, 21) and 1b (Fig. 28, 29). 5 cases fell on cold and warm periods.  
  

  
Fig. 30. Annual precipitation amount in Tuapse Fig. 31. Number of ECM cases causing extreme 

precipitation in Tuapse 

A
n
n
u

a
l 
a

m
o

u
n
t,

 m
m

 

N
u
m

b
e
r 

o
f 
c
a
s
e
s
 

12a     12bw    8bw    1         3      13s 

Weather map 
24 September 2013 

A
n

n
u

a
l 
a
m

o
u

n
t,

 m
m

 

12a     12bw    8ds     1b         3      13s 

N
u

m
b

e
r 

o
f 

c
a
s
e
s
 



Kononova, Gorbunov, Gorbunova et al., 2020 

 

36  THE COMPLEX SYSTEMS, № 3 (9), 2020 

 

Comparison of the observational data (Fig. 32, 33) with the reanalysis data (Fig. 30, 31) 

shows that the reanalysis data underestimate the amount of precipitations (Table 1). 

According to the observations, the maximum precipitation falls in 2018 (1650.2 mm). 

According to the reanalysis data, it is only the third case after 2011 and 2014 (Fig. 30), and 

the annual precipitation is 624.3 mm less than according to the observations. The secondary 

maximum fell on 2011 (1606 mm), which is 526.4 mm more than according to the reanalysis 

data. The minimum according also to the reanalysis data was noted in 2019 (1059 mm), the 

annual amount was 335.3 mm more than according to the reanalysis data. The secondary 

minimum fell in 2017 (1227.1 mm), which is 380.2 mm more than according to the reanalysis 

data. Due to the underestimation of daily precipitation, the share of extremes according to the 

reanalysis data also turned out to be more than half, less than according to the observational 

data (10 versus 22). There were 21 cases of abundant precipitation (more than 5% of the 

annual amount per day) and 1 case of catastrophic ones. The distribution of extremes across 

ECMs is also very different (Fig. 31 and 33): 6 cases of abundant precipitation and 1 

catastrophic fall in the cold period, the remaining 15 cases were in the warm one.  
  

  
Fig. 32. Annual precipitation amount totals 

according to observations at Tuapse station 
Fig. 33. The number of the ECM cases that caused 

extreme precipitation in Tuapse according to 

observations 

  
Table 1. Annual precipitation amount (mm) in Tuapse according to reanalysis and observations 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Reanalysis data 

985.8 1079.6 749.2 881.5 1028.7 953.6 997.7 846.9 1025.9 723.7 

Observational data 

1236.1 1606 1263 1552.5 1403.8 1281 1256 1227.1 1650.2 1059 

  
Sochi. As seen in Fig. 34, the annual amount of precipitations in Sochi according to the 

reanalysis data from 2010 to 2011 increased from 1225.7 to 1253.1 mm, and by 2012 it 

decreased to 952.4 mm. Then it increased by 2016 to 1201.8 mm, and by 2019 it decreased to 

809.5 mm. The maximum precipitation was noted in 2011; the secondary maximum was in 

2010. The minimum precipitation was in 2019, the secondary minimum was in 2012. 
Fig. 35 shows the repeatability of ECMs, at which extreme precipitation fell. In total, 11 

cases of extreme precipitation were recorded over the decade. There were no catastrophic 

precipitations; the second case of abundant precipitation was noted in 2018 In all years, 

except for 2012–2014 and 2018, extreme precipitations were annual maximums that did not 

reach 5% of annual precipitation. In 4 cases, extreme precipitation occurred during ECMs 

8dw (Fig. 36, 37), in 3 cases they were during ECMs 12a (Fig. 4, 5, 16), and one case fell 

during the ECMs 13w (Fig. 8, 9, 18), the ECMs 8cw (Fig. 24, 25), the ECMs 3 (Fig. 20, 21) 

and ECMs 1b (Fig. 28, 29). In 8 cases, extreme precipitation fell in the cold period and in 3 - 

in the warm one. 
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Fig. 34. Annual precipitation amount in Sochi Fig. 35. Number of ECM cases causing extreme 

precipitation in Sochi 

  
Usually (Fig. 36) at the ECMs 8dw, the Black Sea and the Eastern Mediterranean are in 

the sphere of influence of the anticyclone formed as a result of the Arctic invasion into 

Eastern Siberia. But in some cases (Fig. 37) the Black and Mediterranean Seas fall under the 

influence of cyclones of the western Mediterranean. 
  

  

Fig. 36. Dynamic scheme for the ECMs 8dw Fig. 37. The ECMs 8dw 

  
Comparison of observational data (Fig. 38, 39) with reanalysis data (Fig. 34, 35) shows 

that the reanalysis data underestimate the amount of precipitations (Table 2). The maximum 

precipitation according to the observation data falls on 2013 (1880 mm), and not on 2011, as 

according to the reanalysis data. From 2010 to 2012, the annual amount of precipitations in 

2013 was 825.3 mm more than according to the reanalysis data (Fig. 34). The secondary 

maximum according to the observation data fell on 2011 (1781.1 mm), the annual 

precipitation was 528 mm more than according to the reanalysis data. 

 

  
Fig. 38. Annual precipitation amount in Sochi 

according to observations 
Fig. 39. The number of the ECM cases causing 

extreme precipitation in Sochi according to 

observations 
Table 2. Annual precipitation amount in Sochi according to reanalysis and observations 
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Reanalysis data 

1225.7 1253.1 952.4 1054.7 1188 1113.3 1201.8 1070.1 1151 809.5 

Observational data 

1552.5 1781.1 1353.8 1880 1526.8 1594.7 1694.7 1490.6 1598.5 1420 

  
The minimum was noted in 2012 (1353.8 mm), and not in 2019. The annual amount of 

precipitations in 2012 was 401.4 mm more than according to the reanalysis data. The 

secondary minimum fell in 2018 (1598.5 mm), which was 447.5 mm more than according to 

the reanalysis data. The number of daily extremes according to the observation data was also 

higher (15 versus 11). 8 cases of extremes occur during the warm period and 7 during the cold 

one. The distribution of extremes across ECMs is also very different (Fig. 35 and 39).  
  
Krasnaya Polyana. As seen in Fig. 40 according to the reanalysis data, the annual 

amount of precipitations in Krasnaya Polyana decreased from 1582.2 to 1237.8 mm, and by 

2014 it increased to 1410.2 mm. Then, by 2019, it decreased to 933.3 mm. The maximum 

precipitation was noted in 2010; the secondary maximum was in 2014. The minimum 

precipitation was in 2019; the secondary minimum was in 2012. Let us compare the 

reanalysis data with the observational data (Table 3, Fig. 40, 42). 

As you can see from the table 3 and fig. 40 and 42, the reanalysis data are 

underestimated. The maximum precipitation according to the observation data, as well as 

according to the reanalysis data, falls on 2010; only the annual amount of precipitations 

according to the observation data is 618.2 mm higher than according to the reanalysis data. 

The secondary maximum according to observational data fell on 2016; the annual 

precipitation amount is 809.6 mm higher than according to the reanalysis data. The minimum 

was noted in 2012. From 2010 to 2012, the annual amount of precipitations in 2012 is 164.2 

mm more than according to the reanalysis data. The secondary minimum fell on 2015 (1607 

mm), which is 279.9 mm more than according to the reanalysis data. 
Fig. 41 shows the repeatability of ECMs, at which extreme precipitation occurred 

according to the reanalysis data. In total, 10 cases of extreme precipitation were recorded over 

the decade. In all years except for 2013 and 2018, extreme precipitations were annual 

maximums that did not reach 5% of the annual precipitation. In 4 cases, extreme precipitation 

fell during the ECMs 12a (Fig. 4, 5, 16); in 3 cases it was during the ECMs 13w (Fig. 8, 9, 

18) and one case fell on at the ECMs 3 (Fig. 20, 21), 1b (Fig. 28, 29) and 9a (Fig. 44, 45). 5 

cases of extreme precipitation fell on cold and warm periods, each. 
 

 
 

Fig. 40. Annual precipitation amount in 

Krasnaya Polyana 
Fig. 41. The number of the ECM cases causing 

extreme precipitation in Krasnaya Polyana 

  
Table 3. Annual precipitation amount in Krasnaya Polyana according to reanalysis and observational 

data 
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Reanalysis data 

1582.2 1404.1 1237.8 1269 1410.2 1327.1 1386.4 1248.9 1314.7 933.3 

Observational data 

2201 1778.9 1402 2129 1748 1607 2196 1942 1894   

  

 
 

Fig. 42. Annual precipitation amount according to 

observations in Krasnaya Polyana 
Fig. 43. The number of the ECM cases that 

caused extreme precipitation in Krasnaya 

Polyana according to observations 
 

As seen in Fig. 43, according to the observations, also 10 cases of extreme precipitation 

were revealed. 8 cases also refer to annual maximums; among the years with abundant 

precipitation, not 2013 that stands out, but 2012. 3 cases fell on during the ECMs 12a, 2 cases 

fell on during the ECMs 13w and one each on ECMs 8d, 9b, 11d (Fig. 46, 47), 12bs and 13s. 

6 cases occurred during the cold period and 4 during the warm period. 

With the ECMs 9a, the Mediterranean cyclone entering the Black Sea, abuts at its 

Northern border against the anticyclone located in the south of the ETR, and brings extreme 

precipitation to the Black Sea coast. 
Usually, with ECMs 11d, the Black Sea finds itself in the spur of the Siberian 

anticyclone (Fig. 46), but this time, the spur is located to the northwest and missed the 

Mediterranean cyclone to the ETR (Fig. 47). 
  

  
Fig. 44. Dynamic scheme for the ECMs 9a Fig. 45. The ECMs 9a 
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Fig. 46. Dynamic scheme for the ECMs 11d. Fig. 47. The ECMs 11d. 

 
Adler. As seen in Fig. 48, the annual amount of precipitations in Adler from 2010 to 

2011 increased from 1226.8 to 1237.9 mm; by 2012, it had decreased to 975.6 mm, then by 

2016 it increased again to 1231.5 mm, and by 2019 it had decreased to 806.6 mm. The 

maximum precipitation was noted in 2011; the secondary maximum was in 2016. The 

minimum precipitation was in 2019 and the secondary minimum was in 2012. Hereinafter, the 

analysis is carried out only on the basis of reanalysis data.  
Fig. 49 shows the repeatability of ECMs, at which extreme precipitation fell. In total, 11 

cases of extreme precipitation were recorded over the decade. There were no catastrophic 

precipitations. Abundant precipitation fell twice in 2018. In all years except for 2013, 2014 

and 2018, extreme precipitations were annual maximums, which did not reach 5% of the 

annual precipitation. In 3 cases, extreme precipitation occurred during ECMs 8dw (Fig. 36, 

37), in 2 cases with ECMs 12a (Fig. 4, 5, 16), and 13w (Fig. 8, 9, 18) and one case with 

ECMs 3 (Fig. 20, 21), 1b (Fig. 28, 29), 13w (Fig. 8, 9, 18) and 8cw (Fig. 24, 25). 8 cases of 

extreme precipitation occurred during the cold season and 3 during the warm one.  
  

  
Fig. 48. Annual precipitation amount in Adler Fig. 49. The number of the ECM cases causing 

extreme precipitation in Adler 

  
Zugdidi. As seen in Fig. 50, the annual amount of precipitations in Zugdidi decreased 

from 1769.9 to 1243.5 mm, then by 2016 it increased again to 1789.5 mm, and by 2019 it 

decreased to 1111 mm. The maximum precipitation was observed in 2016; the secondary 

maximum was in 2010.The minimum precipitation was in 2019; the secondary minimum - in 

2012.  

Weather map  
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Fig. 50. Annual precipitation amount in Zugdidi Fig. 51. Number of ECM cases causing extreme 

precipitation in Zugdidi 
 

Fig. 51 shows the repeatability of ECMs, at which extreme precipitation fell. In total, 10 

cases of extreme precipitation were recorded over the decade. Catastrophic precipitation and a 

second case of abundant precipitation were not observed in any year. In all years, the extreme 

precipitations were annual maximums, which did not reach 5% of the annual precipitation. In 

4 cases, extreme precipitation occurred with ECMs 12a (Fig. 4, 5, 16), in 2 cases with ECMs 

13w (Fig. 8, 9, 18) and in one case with the ECMs 13w (Fig. 8, 9, 18) , 8dw (Fig. 36, 37), 8a 

(Fig. 52, 53) and 6 (Fig. 54, 55). 5 cases of extreme precipitation occurred during the cold 

period and 5 during the warm one. With ECMs 6 and 8a, cyclones from the Mediterranean 

Sea passed to the Black Sea.  
  

  
Fig. 52. Dynamic scheme for the ECMs 8a Fig. 53. The ECMs 8a 

  
Fig. 54. Dynamic scheme for the ECMs 6 Fig. 55. The ECMs 6. 
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Poti. As seen in Fig. 56, the annual amount of precipitations in Poti decreased from 

1398.5 to 1167.5 mm, then by 2016 it increased again to 1525.8 mm, and by 2019 it 

decreased to 945.4 mm. The maximum precipitation was observed in 2016; the secondary 

maximum was in 2010. The minimum precipitation was in 2019 and the secondary minimum 

was in 2012. 
Fig. 57 shows the repeatability of ECMs, at which extreme precipitation fell. In total, 10 

cases of extreme precipitation were recorded over the decade. No catastrophic precipitation or 

a second extreme precipitation has been reported in any year. In all years, the extreme 

precipitations were annual maximums, which did not reach 5% of the annual precipitation. In 

3 cases, extreme precipitation occurred during ECMs 12a (Fig. 4, 5, 16), in 2 cases during 

ECMs 13s (Fig. 6, 7, 17) and 8a (Fig. 52, 53), and in one case during ECMs 13w (Fig. 8, 9, 

18), 8dw (Fig. 36, 37) and 9b (Fig. 58, 59). 6 cases of extreme precipitation occurred during 

the cold season and 4 during the warm one.  
  

  
Fig. 56. Annual precipitation amount in Poti Fig. 57. Number of ECM cases causing extreme 

precipitation in Poti 

  
Fig. 58. Dynamic scheme for the ECMs 9b Fig. 59. The ECMs 9b 

  
Kobuleti. As seen in Fig. 60, the annual amount of precipitations in Kobuleti since 

2010 till 2011 increased from 1387.3 to 1563.9 mm; then it decreased by 2012 to 1261.6 mm. 

By 2016, it rose again to 1629.1 mm, and by 2019 it had decreased to 1014.1 mm. The 

maximum precipitation was noted in 2016; the secondary maximum was in 2011. The 

minimum precipitation was in 2019 and the secondary minimum was in 2012. Fig. 61 shows 

the frequency of occurrence of ECMs, at which extreme precipitation fell. In total, 10 cases of 

extreme precipitation were recorded over the decade. No catastrophic precipitation or a 

second extreme precipitation has been reported in any year. 
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Fig. 60. Annual precipitation amount in Kobuleti Fig. 61. Number of ECM cases causing 

extreme precipitation in Kobuleti 
 

In all years, the extreme precipitations were annual maximums, which did not reach 5% 

of the annual precipitation. In 3 cases, extreme precipitation occurred during the ECMs 13s, 

in 2 cases during the ECMs 12a and 8a, and in one case during the ECMs 13w, 8dw and 9a. 5 

cases of extreme precipitation occurred during the cold season and 5 during the warm one. 
  
Batumi. As seen in Fig. 62, the annual amount of precipitations in Batumi from 2010 to 

2011 increased from 1338.2 to 1655.9 mm; then it decreased by 2012 to 1301.8 mm. By 

2016, it rose again to 1689.3 mm and by 2019 it had decreased to 1092.3 mm. The maximum 

precipitation was noted in 2016; the secondary maximum was in 2011. The minimum 

precipitation was in 2019; the secondary minimum was in 2012.  
Fig. 63 shows the frequency of occurrence of the ECMs, in which extreme precipitation 

fell. In total, 10 cases of extreme precipitation were recorded over the decade. No catastrophic 

precipitation or a second extreme precipitation has been reported in any year. In all years, the 

extreme precipitations were annual maximums, which did not reach 5% of the annual 

precipitation. In 3 cases, extreme precipitation occurred during the ECMs 12a, in 2 cases 

during the ECMs 13s and 8a, and one case was with the ECMs 13w, 8dw and 5a (Fig. 64 and 

65). 6 cases of extreme precipitation occurred during the cold period and 4 during the warm 

one. 

Usually, with the ECMs 5a (Fig. 64), the Arctic invasion from Siberia extends to all of 

Europe, including the Black Sea. This time it did not spread to the west of the Caspian Sea, 

and between it and the anticyclone that spun off from the spur of the Azores anticyclone, the 

trough between the Southern cyclone and the Atlantic fronts wedged in here (Fig. 65). 
 

  
Fig. 62. Annual precipitation amount in Batumi Fig. 63. Number of ECM cases causing 

extreme precipitation in Batumi 
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Fig. 64. Dynamic scheme for the ECMs 5a Fig. 65. The ECMs 5a 

 

ANALYSIS OF THE RESULTS OBTAINED 
All cases of extreme precipitation on the Eastern coast of the Black Sea were distributed 

according to ECMs as follows (Fig. 66). Most cases (45) were the ECMs 12a. This is 

followed by the ECMs 13w (20 cases), 13s (19), 8dw (12), 12bw (9), and 3 (6). The ECMs 

which remained account for 1 to 4 cases. All precipitations are brought by Mediterranean 

cyclones. 

 

  
Fig. 66. Number of ECM cases causing extreme precipitation on the Eastern coast of the Black Sea in 

2010–2019. 
  
We analysed the annual amounts and daily extremes of precipitation at 12 

meteorological stations located on the east coast and determined from the reanalysis data. At 

the stations of the Northern part of the Eastern coast (Gelendzhik, Dzhubga, Goryachy 

Klyuch), the minimum annual precipitation was in 2012, the secondary minimum was in 

2019. At all stations located further south along the coast, the minimum precipitation was in 

2019 and the secondary minimum was in 2012. In these years, the duration of the meridional 

Northern circulation was 257 and 230 days, respectively, with an average of 197 days (Fig. 1, 

[8]). This group includes only a few ECMs (12a, 12bw, 8dw), in which Mediterranean 

cyclones bring precipitation to the east coast, while as to the rest, the Black Sea is in the 

sphere of anticyclone influence, so the amount of precipitations in these years is minimal. 
The precipitation maxima over the years were distributed as follows. In 2016, 

precipitation maxima were recorded at 5 stations (Gelendzhik, Zugdidi, Poti, Kobuleti, 
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Batumi), at the four most Southern and at the most Northern. At 4 stations (Dzhubga, Tuapse, 

Sochi, and Adler (middle part of the coast), the maximums were recorded in 2011. At 2 

Northern stations (Goryachiy Klyuch and Gorny), the maximums were recorded in 2014, and 

in 2010 as to Krasnaya Polyana. Secondary maximums in 2010 were recorded in Sochi, 

Zugdidi and Poti; in 2011 - in Gorny, Kobuleti and Batumi; in 2014 - in Tuapse and Krasnaya 

Polyana; in 2016 - in Dzhubga, Goryachy Klyuch and Adler; and in 2018 in Gelendzhik. 
In 2010 (Table 4), extreme precipitation brought 8 Mediterranean cyclones with seven 

ECMs. With the ECMs 12bw, precipitation fell at three stations in the Northern part of the 

coast; with the ECMs 8dw on February 21, precipitation fell at two stations in the middle part 

of the coast; and with the ECMs 13s, precipitation fell at two Southern stations. During the 

rest of ECMs, precipitation fell at one station, including the second time during the ECMs 

8dw. With the ECMs 8dw on February 21 and with the ECMs 13s, precipitation at the stations 

located to the south fell slightly more than at the more Northern ones, because the cyclone 

went along the coast from south to north. With the ECMs 12bw, most precipitation fell at the 

central station. 

 
Table 4. Extreme precipitation (mm) on the Eastern coast of the Black Sea in 2010 

date ECMs Station mm date ECMs Station mm 

21 February 8dw Sochi 49.1 14 September 12a Krasnaya 

Polyana 

68.4 

21 February 8dw Adler 52.3 12 October 13w Goryachiy 

Klyuch 

45 

15 March 12a Batumi 31.6 15 October 12bw Mountain 24.6 

June 24 13s Poti 44.2 15 October 12bw Dzhubga 41.5 

June 24 13s Kobuleti 46.1 15 October 12bw Gelendzhik 30.2 

21 July 6 Zugdidi 63.1 27 November  8dw Tuapse 35.4 

  
In 2011 (Table 5), extreme precipitation were brought by 6 Mediterranean cyclones at 6 

ECMs. With the ECMs 8dw and 13w, more precipitation fell at stations located to the south. 

With the ECMs 12a, the amount of precipitations increases to the north. Apparently, the 

Southern cyclone regenerated at the front of the Atlantic cyclone. With three ECMs, extreme 

precipitation fell at one station. 
  

Table 5. Extreme precipitation (mm) on the Eastern coast of the Black Sea in 2011 
date ECMs Station mm date ECMs Station mm 

6 February  8cw Goryachiy 

Klyuch 

27.1 13 August 12a Dzhubga 51.8 

6 February 8cw Gorsky 35.3 13 August 12a Tuapse 48.7 

6 February 8cw Sochi 47 24 September 5a Batumi 54 

6 February 8cw Adler 49.1 2 October 13w Krasnaya 

Polyana 

44.2 

July 16 9a Kobuleti 47.2 2 October 13w Zugdidi 50.8 

13 August 12a Gelendzhik 57.1 13 October 9b Poti 35.4 

  
In 2012 (Table 6), extreme precipitations were brought by four Mediterranean cyclones. 

On May 22, the first cyclone with the ECMs 8a brought precipitation to Zugdidi; on May 23–

24, the second cyclone with the ECMs 12a, flooded 7 Northern and middle stations of the 

coast with abundant rainfall; in Dzhubga, showers continued on both days. The third cyclone 

with the ECMs 8a brought abundant precipitation to 3 Southern stations and the fourth, on 
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November 7 with ECMs 13w, brought a downpour to Adler. Most precipitation fell in 

Dzhubga - 78.5 mm in 2 days. 
  

Table 6. Extreme precipitation (mm) on the Eastern coast of the Black Sea in 2012 
date ECMs Station mm date ECMs Station mm 

22 May 8a Zugdidi 36 23 May 12a Sochi 53.9 

24 May  12a Gelendzhik 22.8 23 May 12a Krasnaya 

Polyana 

61.3 

23 May  12a Dzhubga 33.5 22 September  8a Poti 31.8 

24 May  12a Dzhubga 45 22 September  8a Kobuleti 30.4 

24 May  12a Goryachiy 

Klyuch 

36.9 22 September  8a Batumi 29.1 

23 May 12a Gorsky 34,7 7 November 13w Adler 48.6 

23 May  12a Tuapse 45.1     

  
In 2013 (Table 7), extreme precipitation fell at three Southern cyclones, which came at 

two ECMs: 12a and 13w. During the ECMs 12a, precipitation fell on 14 May and in the 

course of their moving from south to north, their daily amount decreased. With one ECMs 

13w (September 24 - October 3), extreme precipitations were brought by two cyclones. The 

first one watered the area from Zugdidi to Gorny on October 24, the second came out on 

October 3 to the Southern coastal area. The largest daily amount of precipitations fell in 

Krasnaya Polyana (78.4 mm). 
  

Table 7. Extreme precipitation (mm) on the Eastern coast of the Black Sea in 2013 
Date  ECMs Station mm Date  ECMs Station mm 

14 May  12a Gelendzhik 25.4 24 

September 
13w Krasnaya Polyana 78.4 

14 May 12a Dzhubga 30.4 24 

September 
13w Adler 67.7 

14 May 12a Goryachiy 

Klyuch 
38.1 24 

September 
13w Zugdidi 51.1 

24 

September 
13w Gorsky 38.5 3 October 13w Poti 43.3 

24 

September 
13w Tuapse 41.4 3 October 13w Kobuleti 42.5 

24 

September 
13w Sochi 64, 3 October 13w Batumi 42 

  
In 2014 (Table 8), there were 16 cases of extreme precipitation. They were brought by 6 

Southern cyclones. The first on May 18 with the ECMs 13s was noted only in Gelendzhik; the 

second brought precipitation on August 6 with the ECMs 3 in Sochi, Krasnaya Polyana and 

Adler; the third cyclone, on September 19, also during ECMs 3, shed showers on Gorny and 

Tuapse; the fourth cyclone on September 29 with the ECMs 13s brought 52.7 mm to Zugdidi. 

The fifth was the most significant. It brought extreme precipitation on both days to Goryachy 

Klyuch, Dzhubga, and Gelendzhik on October 17–18 with the ECMs 12a, and precipitation 

gradually decreased from south to north. The sixth cyclone with the ECMs 8a brought 

extreme precipitation to Kobuleti and Batumi. The greatest daily amount of precipitations 

(70.3 mm) fell in Adler. 
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Table 8. Extreme precipitation (mm) on the Eastern coast of the Black Sea in 2014 
Date Ecms Station Mm Date ECMs Station mm 

May 18 13s Gelendzhik 33,7 18 October 12a Gelendzhik 41.1 
6 August 3 Sochi 63.7 17 October 12a Dzhubga 46.1 
6 August 3 Krasnaya Polyana 57 18 October 12a Dzhubga 41.1 
6 August 3 Adler 70.3 17 October 12a Goryachiy 

Klyuch 
42.6 

19 

September  
3 Gorsky 49 18 October 12a Goryachiy 

Klyuch 
45.1 

19 

September  
3 Tuapse 44.3 1 

Novembre  
8a Poti 54.3 

29 

September  
13s Zugdidi 52.7 1 

Novembre 
8a Kobuleti 58.3 

17 October 12a Gelendzhik 32.6 1 

Novembre 
8a Batumi 58.2 

  
In 2015 (Table 9), 14 cases of extreme precipitation were recorded. They were brought 

by 4 Mediterranean cyclones. On June 24-25, the first one with the ECMs 13k brought 

extreme precipitation to Gelendzhik and on June 24 to Dzhubga, Goryachy Klyuch, Gorny 

and Tuapse. Most rainfall per day fell in Dzhubga (63.6 mm). On July 10, the second cyclone 

with the ECMs 3 brought extreme precipitation to Dzhubga. On October 24, the third cyclone 

with the ECMs 13w brought precipitation to Krasnaya Polyana. On November 11, the fourth 

cyclone with the ECMs 8dw brought extreme precipitations at 6 stations from Sochi to 

Batumi. Most rainfall per day fell in Poti (48 mm). 
  

Table 9. Extreme precipitation (mm) on the Eastern coast of the Black Sea in 2015 
Date  ECMs Station mm Date  ECMs Station mm 

24 June  13s Gelendzhik 48.7 24 October  13w Krasnaya Polyana 48.6 
25 June  13s Gelendzhik 34.3 11 

November 
8dw Sochi 45.4 

24 June  13s Dzhubga 63.6 11 

November 
8dw Adler 47.3 

24 June 13s Goryachiy 

Klyuch 
54.9 11 

November 
8dw Zugdidi 42.6 

24 June 13s Gorsky 44.2 11 

November 
8dw Poti 48 

24 June 13s Tuapse 40.4 11 

November 
8dw Kobuleti 45.4 

10 July  3 Dzhubga 41.8 11 

November 
8dw Batumi 42.8 

  
In 2016 (Table 10), there were 12 cases of extreme precipitation. They fell at 9 

Mediterranean cyclones. The first cyclone reached the Caucasian coast on January 5 and 

brought 31.4 mm to Dzhubga with the ECMs 13w. The second cyclone arrived on January 13 

and brought 28.1 mm with the ECMs 8dw to Sochi. The third cyclone on May 11 with ECMs 

12bs poured 26.8 mm of precipitation onto Gelendzhik. The fourth cyclone on May 16 with 

ECMs 9a brought 28.8 mm to Krasnaya Polyana. The fifth cyclone on May 28 with ECMs 

12bs brought 23.9 mm to Goryachy Klyuch. The sixth cyclone on June 16 with ECMs 13s 

brought precipitation to 2 southernmost stations. The seventh cyclone on July 8 with ECMs 

12a brought precipitation to 2 northern stations on the Georgian coast. The eighth cyclone on 

October 13 with ECMs 12bw brought extreme precipitation to Gorny and Tuapse stations, 
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and the ninth on December 10 with ECMs 12a brought precipitation to Adler. The largest 

daily precipitation in 2016 fell on July 8 in Zugdidi (60.8 mm). 
  

Table 10. Extreme precipitation (mm) on the Eastern coast of the Black Sea in 2016 
Date  ECMs Station mm Date  ECMs Station mm 

11 May  12bs Gelendzhik 26.8 16 May 9a Krasnaya Polyana 28.8 
5 January 13w Dzhubga 31.4 10 

December  
12a Adler 32.4 

28 May  12bs Goryachiy 

Klyuch 
23.9 8 July  12a Zugdidi 60.8 

13 October 12bw Gorsky 26 8 July  12a Poti 42.9 
13 October 12bw Tuapse 28.8 16 June  13s Kobuleti 48.9 
13 January 8dw Sochi 28.1 16 June  13s Batumi 48.7 

  
In 2017 (Table 11), 12 cases of extreme precipitation were recorded. All of them fell out 

with the ECMs 12a and 13s at four southern cyclones. On July 20, the first of them with the 

ECMs 13s brought extreme precipitation to Gelendzhik; on August 31, the second also 

brought extreme precipitation to Dzhubga and Goryachy Klyuch with the ECMs 13s; on 

October 10, the third with the ECMs 12a shed rain on Zugdidi and Kobuleti and the fourth 

also brought extreme precipitation under the ECMs 12a to the remaining 7 stations. Most 

rainfall per day poured out on Zugdidi (76.5 mm). 
  

Table 11. Extreme precipitation (mm) on the Eastern coast of the Black Sea in 2017 
Date  ECMs Station mm Date  ECMs Station mm 

20 July  13s Gelendzhik 27.6 30 October  12a Sochi 35.8 
31 August  13s Dzhubga 25.6 29 October 12a Krasnaya Polyana 49.3 
31 August  13s Goryachiy 

Klyuch 
23 29 October 12a Adler 33.9 

10 October 12a Zugdidi 76.5 30 October  12a Gorsky 29 
10 October 12a Kobuleti 54.7 30 October  12a Poti 57.7 
30 October  12a Tuapse 30.3 30 October  12a Batumi 53.1 

  
In 2018, there were 14 cases (Table 12) of extreme precipitation. They fell out at 6 

southern cyclones with ECMs 13s, 13w, 12a and 8dw. The first one came out on May 21 with 

the ECMs 13s to the south of the coast and brought 31.5 mm of precipitation to Poti. The 

second fell out on June 23 with the ECMs 13s brought abundant precipitation to Adler. The 

third came to the Southern part of the coast on August 8 with the ECMs 13s and brought more 

precipitation to Batumi than to Kobuleti. 
  

Table 12. Extreme precipitation (mm) on the Eastern coast of the Black Sea in 2018 
Date  ECM

s 
Station mm Date  ECMs Station mm 

21 May  13s Poti 31.5 24 October  12a Gorsky 46.1 
23 June  13s Adler 59 24 October  12a Tuapse 51.7 
8 August 13s Kobuleti 35.4 24 October  12a Sochi 58.3 
8 August 13s Batumi 40.3 24 October  12a Krasnaya Polyana 75.9 
8 September 13w Gelendzhik 28.6 25 October 12a Zugdidi 39.9 
8 September 13w Dzhubga 37 28 

November  
8dw Sochi 57.8 

25 October 12a Goryachiy 

Klyuch 
29.2 28 

November  
8dw Adler 68.2 
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The fourth cyclone entered the Northern part of the coast on September 8 with the 

ECMs 13w. More precipitation fell in Dzhubga than in Gelendzhik. On October 24-25, the 

fifth cyclone brought extreme precipitation to the middle and Northern part of the coast, and 

from Krasnaya Polyana to the north, daily precipitation decreased. The sixth cyclone on 

November 28 brought extreme precipitation to Sochi and Adler. The pattern of decreasing 

daily precipitation from south to north remains. 
In 2019, there were 12 cases of extreme precipitation. They fell out during four 

Mediterranean cyclones with the ECMs 12a, 12bw and 13w. On January 15, the first cyclone 

with the ECMs 12a brought 26.3 mm to Gelendzhik (Table 13). On February 6, the second 

with ECMs 12bw brought extreme precipitation to 4 stations on the Northern part of the coast. 

On November 1, the third cyclone with the ECMs 12a brought showers to the 4 southernmost 

stations, and on November 30, the fourth cyclone with the ECMs 13w poured extreme 

precipitation at 3 average stations. Since the annual amount of precipitations in 2019 is 

minimal for 2010–2019, the extreme daily amounts are also small; the maximum in Zugdidi 

was 41 mm.  
  

Table 13. Extreme precipitation (mm) on the Eastern coast of the Black Sea in 2019 
Date  ECMs Station mm Date  ECMs Station mm 

15 January  12a Gelendzhik 26.3 1 

November 
12a Poti 39 

6 October 12bw Dzhubga 27.4 1 

November 
12a Kobuleti 39.2 

6 October 12bw Goryachiy 

Klyuch 
29.2 1 

November 
12a Batumi 40.3 

6 October 12bw Gorsky 31.3 30 

November  
13w Sochi 24 

6 October 12bw Tuapse 28.7 30 

November  
13w Krasnaya Polyana 29 

Nov. 1 12a Zugdidi 41 30 

November  
13w Adler 24 

  
CONCLUSION 

The analysis made it possible to reveal the fluctuation of annual precipitation amounts 

at 12 meteorological stations on the Eastern coast of the Black Sea in 2010–2019 according to 

reanalysis data and according to observation data at three weather stations. At each 

meteorological station, the years of minimum and maximum annual precipitation were 

identified. The minimum precipitation at all stations is noted with an increase in blocking 

processes. In 2012, a minimum of annual precipitation was noted according to reanalysis data 

at four meteorological stations in the Northern part of the coast: in Gelendzhik, Dzhubga, 

Goryachy Klyuch, and Gorny; in 2019 - at the remaining 8 stations in the middle and southern 

parts. According to observational data, the minimum of annual precipitation amounts at Sochi 

and Krasnaya Polyana stations was noted in 2012 and at Tuapse station in 2019. The 

secondary minimum was noted in 2019, if the main one was noted in 2012, and vice versa. 

Thus, the minimum annual precipitation at all stations was noted only in these 2 years. The 

maximum annual precipitation totals (both primary and secondary) were noted at different 

stations in 2010, 2011, 2013, 2014, 2016, and 2018, which is associated both with an increase 

in the duration of the appearance of Southern cyclones in these years, and with their moisture 

content and intensity of rising air masses along the Caucasus Mountains. 
The ECMs were also determined, at which extremely large daily precipitation fell in the 

last decade. Most cases (45 cases) occur in the ECMs 12a, during which Mediterranean 

cyclones enter the Russian Plain during all seasons. In previous years [3], the ECMs 13s and 
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13s were in first place. In terms of frequency, the second place is occupied by the ECMs 13w 

(20 cases), at which Mediterranean cyclones reach the Caucasian coast in the rear of the vast 

and powerful Siberian anticyclone. This is followed by the ECMs 13s (19 cases), at which a 

Mediterranean cyclone encounters an obstacle in its path in the form of an anticyclone core 

over the Russian Plain and pours all precipitation onto the Black Sea coast in the warm half of 

the year. This is followed by the ECMs, which in previous years, according to observation 

data, were not detected as precipitation-forming. They are the ECMs of the cold period 8d (12 

cases), at which Southern cyclones reach the Caucasian coast of the Black Sea in the rear of 

the spur of the Siberian anticyclone, which has not advanced far to the west. The same 

happens with the ECMs 12bw (9 cases). With the ECMs of the warm half-year 3 (6 cases), 

the Black Sea usually appears in the anticyclone system located above the Russian Plain. In 

rare cases, when abundant precipitation falls, the anticyclone splits into 2 cores, and the 

cyclone passes between them. The remaining ECMs account for 1 to 4 cases. All precipitation 

extremes are associated with the release of Mediterranean cyclones. 
According to the reanalysis data, 69 cases out of the total sum of extremes accounted 

for the cold period, and 60 cases for the warm period. Most cases (13 each) were recorded in 

Gelendzhik and Dzhubga, and at both stations during the warm period there were more of 

them (9 and 8 cases, respectively). According to observational data, at three stations, 21 cases 

of extreme daily precipitation were recorded in the cold period and 26 in the warm one. Most 

of the extremes were noted at Tuapse station (21 cases of abundant precipitation and 1 - 

catastrophic), of which 15 cases occurred during the warm period. As we can see, the 

discrepancy between the reanalysis data and observations is still quite large. 
Since the duration of the ECMs causing extreme precipitation in recent decades is 

significantly higher than the long-term average value, the frequency of extreme precipitation 

will increase. 
This work was carried out within the framework of the Basic Research Program 

implemented by the Institute of Geography at the Russian Academy of Sciences, project no. 

0148-2019-0009 and framework of IBSS (registration number: AAAA - A 19-119061-

190081-9). 
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