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Ab stract—An im por tant trend of mod ern de vel op ment is the con cen tra tion of pop u la tion in ur ban ag -
glom er a tions, where a spe cific meso- and mi cro-climate is cre ated un der con di tions of dra mat i cally
trans formed nat u ral land scapes. In the pres ent pa per, the long-term sta tis ti cal anal y sis of in tense rain -
falls and an nual daily pre cip i ta tion max ima was car ried out based on the Mos cow re gion weather sta -
tions timeseries for the pe riod of 1966–2021. An in crease in the vari abil ity of in tense pre cip i ta tion over
the Mos cow re gion cor re spond ing to the for ma tion of sig nif i cant floods was re vealed in some years.
The COSMO-CLM model sim u lated ex treme pre cip i ta tion for the ba sin of the Setun’ River (190 km2), 
the larg est right-bank trib u tary of the Moskva River within the Mos cow city, which was re corded over
Mos cow in May 2020 and June 2021. Max i mum pre cip i ta tion was reg is tered over the Setun’ River ba -
sin dur ing 45–90 min utes and in duced rain fall floods that ex ceeded the spring flood by two times. The
es ti mated ba sin travel time was 6–8 hours. Rain falls form a multistep hy dro graph in her it ing the shower
pre cip i ta tion struc ture on small rivers.
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IN TRO DUC TION

Studying ex treme pre cip i ta tion, which in cludes heavy and very heavy show ers ac cord ing to the clas si fi -
ca tion of Hydrometcenter of Rus sia [7], is one of the ma jor di rec tions of ur ban cli mate re search [19]. In the
re cent 20 years, the struc ture of pre cip i ta tion in ur ban ag glom er a tions has sig nif i cantly changed to ward an
in crease in the in ten sity of short-term show ers. For ex am ple, a sig nif i cant in crease in ex treme hourly pre -
cip i ta tion was ob served in Shang hai dur ing the 20th cen tury, its fre quency has par tic u larly in creased dur ing 
the pe riod of in tense ur ban iza tion since 1981 [17]. The stud ies of the pre cip i ta tion re gime in Eu ro pean cit -
ies also re vealed the in creas ing in ten sity of short-term pre cip i ta tion [13]. This fact, as well as the trans for -
ma tion of the catch ment re sult ing in a de creas ing travel time and du ra tion of floods, the or ga ni za tion of
storm sewage col lec tors lead to an in crease in peak dis charges on the ur ban rivers [23]. Road em bank ments
play a role of lo cal wa ter sheds and, to gether with ter rain [11, 16], form a re verse ef fect as so ci ated with an
increasing travel time. The ob served changes are com ple mented with an ar ti fi cial wa ter re gime trans for -
ma tion related to the snow re moval from ur ban ized ar eas and the snowmelt dur ing the pe riod of win ter low
wa ter.

In 2020 and 2021, rainfalls characterized by extreme intensities were observed in Moscow in summer.
The most significant events were registered on May 29–30, 2020 [1], when 140% of the monthly normal
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was recorded during two days, and on June 28–29, 2021 [5]. In the absence of the rainwater control system
and under conditions of the dense building of Moscow, the rainfalls led to the flooding of coastal areas,
especially in the park zones adjacent to small watercourses [9]. The activation of erosion phenomena and
the increased sediment runoff were registered. Since municipal and federal environmental services do not
provide the hydrological monitoring of small rivers within Moscow, there are no estimates of water runoff
for such events. This complicates the forecast of such rainfall manifestations and the scientific substanti-
ation of the systems for their prevention. At the same time, the automated measurements of water runoff at
the station network with a resolution of 30 minutes have been carried out during the mentioned flood events 
in the basin of the Setun’ River, the right-bank tributary of the Moskva River, where the system for the
hydrological and geochemical monitoring implemented by the Moscow State University (MSU) Faculty of
Geography has operated since 2019 [24, 25]. Together with the MSU Meteorological Observatory, which
is located within the basin of this river and provides the most complete observations of the rainfall structure
at the station recording rain gage, this territory is optimal for studying extreme rainfalls in 2020 and 2021.
The objectives of the present paper are to generalize long-term data on extreme precipitation during
1966–2021 at the Moscow region weather stations to characterize the extremity of the 2020 and 2021
events, to simulate rainfalls on May 29–30, 2020 and June 28–29, 2021 with the COSMO-CLM model, and 
to provide the statistical analysis of the response of the Setun’ River water discharge to the precipitation
regime.

METHODS

The se ries of daily and hourly pre cip i ta tion from the ar chive of All-Russian Re search In sti tute of
Hydrometeorological In for ma tion–World Data Cen ter (ARIHMI–WDC) [4] for MSU Ob ser va tory,
Losinoostrovskaya, im. Nebol’sina, Krylatskoe, Tushino, im. Mikhel’sona, Egor’evsk, Podmoskovnaya,
Nemchinovka, VDNKh, and Balchug sta tions for the pe riod from 1966 to 2021 were used as ini tial data to
ob tain the sta tis ti cal char ac ter is tics of the pre cip i ta tion re gime. Gaps in the daily se ries were filled with ar -
chi val data of Roshydromet Ad min is tra tions for Hydrometeorology and En vi ron men tal Mon i toring or
PogodaiKlimat website [8]. The most com plete data se ries were col lected for MSU, Balchug,
Nemchinovka, Podmoskovnaya, Tushino, and VDNKh sta tions. A vari a tion in the fre quency of ex treme
pre cip i ta tion was an a lyzed over the ob ser va tion pe riod. The trends were es ti mated based on the ETCDDI
in di ces [15, 21]: Rx1day is monthly max i mum 1-day pre cip i ta tion; R10mm is the annual count of days
when pre cip i ta tion was ³10 mm; R20mm is the annual count of days when pre cip i ta tion was ³20 mm;
R30mm is the annual count of days when pre cip i ta tion was ³30 mm; PRCPTOT is annual to tal pre cip i ta tion 
on the days with pre cip i ta tion >1 mm; R95pTOT is an nual to tal pre cip i ta tion on the days with pre cip i ta tion
>95th per cen tile; R99pTOT is an nual to tal pre cip i ta tion on the days with pre cip i ta tion >99th per cen tile. 

The as sess ment of the re gime of ex treme rain falls and the re sponse of run off to them was car ried out for
the model ba sin of the Setun’ River (Fig. 1), within which two of the afore men tioned sta tions are sit u ated:
MSU and Nemchinovka, they were used as ref er ence ones in the pres ent study. The Setun’ River is the larg -
est right-bank trib u tary of the Moskva River within the Mos cow city and all up per and mid dle reaches. The
length of the river is 38 km, the catch ment area is 190 km2. The mod el ing of ex treme pre cip i ta tion for this
ter ri tory was based on the COSMO-CLM v5.12 nonhydrostatic model [22]. The stan dard scheme of nested
grid was used. The fol low ing data were used as ini tial and bound ary con di tions: the ERA5 global reanalysis 
data with a hor i zon tal res o lu tion of 0.25° (~30 km) [14] were used for the base model domain, and model
out puts of the base model do main with a de crease in the hor i zon tal res o lu tion and mod el ing area were used
for the nested grid. The base model do main with a res o lu tion of 0.027° (~3 km) cov ered most of the Eu ro -
pean part of Rus sia and has 500 grid points in both hor i zon tal di rec tions. The nested model do main with a
res o lu tion of 0.009° (~1 km) fully fo cused on the Mos cow re gion. The model was run with a time step of
40 s for the base do main and 10 s for the nested grid. Based on the in for ma tion about the ex ter nal pa ram e -
ters of the Earth’s sur face within the model do mains with a cor re spond ing res o lu tion for each model cell
[26], the TERRA-URB mod ule for the ur ban can opy parameterization was used [26–28].

Two test ex per i ments were held for the pe ri ods of May 28–June 2, 2020 and June 27–July 3, 2021.
Model out puts were gen er ated ev ery 15 min utes, the in for ma tion on to tal pre cip i ta tion for ev ery 15 min utes 
dur ing the whole ob ser va tion pe riod was ob tained. The timeseries for the grid points with a step of 1 km sit -
u ated within the Setun’ River model ba sin were an a lyzed sep a rately (in to tal, 190 points) and with ac count
of the di vi sion of the Setun’ River into subbasins (Fig. 1). To ver ify the model data, the com par i son with
ob ser va tions was car ried out for the near est points to the main Mos cow re gion weather sta tions. The com -
par i son was per formed for 3–6-hour (only for the 2020 ex per i ment due to the ab sence of the sta tion data for 
the 2021 ex per i men tal pe riod) and daily pre cip i ta tion.
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Based on the data from the re cord ing rain gage at the MSU Ob ser va tory sta tion, rain fall re duc tion
curves were con structed for 1997–2020. The sam ples of the an nual max i mum pre cip i ta tion in ten si ties per
10, 20, 40, 60, 90, 150, 300, 720, and 1440 min utes were ob tained, the dis tri bu tion laws were de ter mined
us ing the Pearson type III prob a bil ity curves. The cal cu lated quantiles of 1, 2, 5, 10, 20, 25, 30, 40, and 50% 
were de ter mined for sub se quent cal cu la tions. The rain fall re duc tion curves were con structed by di vid ing
to tal pre cip i ta tion with a spec i fied du ra tion and prob a bil ity by the daily max i mum with the same prob a bil -
ity. The re sult ing or di nates were com pared to the val ues of the rain fall re duc tion curve ac cord ing to SNiP
2.01.14-83 [10].

Data of au to mated wa ter level ob ser va tions at three sta tions (S-1, S-2, S-3) lo cated in the mid dle and
lower Setun’ River area were used to study wa ter run off (Fig. 1). The mea sure ments have been con tin u -
ously car ried out us ing the HOBO U20L and Solinst Levelogger 5 Ju nior log gers with a re cord ing time step 
of 30 min utes since No vem ber 14, 2019. The prin ci ple of wa ter level mea sure ments with a hy dro static level 
gage is based on the de pend ence of hy dro static pres sure on the height of a wa ter col umn over a pres sure
sen sor [6]. The log gers were in stalled in the river chan nel and were fixed at a level be low low-water ones.
Data read ing from the log gers was car ried out in field con di tions us ing an op ti cal data ex change sys tem
sev eral times per year. The con struc tion of the cal cu la tion re la tion ship of wa ter level and dis charges for the
mon i tor ing gages was based on the Chezy for mula with the cal cu la tion of rough ness co ef fi cients based on
the wa ter dis charge mea sure ments for chan nel sec tors and based on the re con nais sance hydromorphometric 
sur vey for floodplain sec tors. The an a lytic ex pres sion for the de pend ence of wa ter dis charge and wa ter lev -
els for the sta tions was schematized by the an a lytic func tions that are ap pli ca ble only un til the mid dle and
high over flow. For ex am ple, for sta tion S-3 in the cal cu lated height range of 122.6–124.9 m BS, the re la -
tion ship be tween the wa ter dis charge Q and wa ter level H can be ex pressed as fol lows:

Q H H H= - + - - - +133 122 5 173 122 5 053 1225 0123 2. ( . ) . ( . ) . ( . ) . .

The re la tion ships are up dated in the pro cess of ac cu mu la tion of data on the mea sured dis charges and do
not take into ac count pos si ble changes re lated to the dis tur bance of the flow hy drau lics caused by lo cal re -
tain ing ef fects (riverbed de for ma tions, wood de bris, etc.). 
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Fig. 1. The map of the Setun’ River subbasins with in di ca tion of the COSMO-CLM model grid points with a grid spac ing
of ~1 km (the in set) and hy dro log i cal mon i tor ing sta tions in 2019–2021 used in the pres ent study: (1) gag ing sta tions; (2)
weather sta tions; (3) COSMO grid; (4) rivers; (5) lakes; (6) catch ment bor der; (7) subcatchment bor ders; (8) mo tor roads;
(9) rail roads; (10) set tle ments.



Hy dro log i cal data were gen er al ized for a sin gle sta tion lo cated within the Setun’ River ba sin, namely,
Zavod “Slozhnye Efiry” stream gage, where daily mea sure ments of wa ter dis charge were car ried out dur -
ing 1979–1988 (ex cept 1982 and 1986). For all men tioned se ries of wa ter run off, the re sponse to pre cip i ta -
tion fall ing to the catch ment was eval u ated. The Pearson cor re la tion co ef fi cient R and Shan non mu tual in -
for ma tion co ef fi cient MI [12, 20] were used. The lat ter shows how much en tropy (un cer tainty) of a ran dom
vari able (in this case, the wa ter dis charge of the Setun’ River) can be re duced us ing an other ran dom vari -
able (to tal pre cip i ta tion at weather sta tions). It is a con ve nient tool for es ti mat ing non lin ear con nec tions
with out math e mat i cal mod els [18, 29]. The cor re la tion co ef fi cients (R) and mu tual in for ma tion (MI) were
de ter mined be tween the av er age daily dis charges and the fol low ing vari ables: to tal pre cip i ta tion for a cur -
rent day; to tal pre cip i ta tion for the day 2, 3, 4, 5, 6, and 7 days ago (for yes ter day, the day be fore yes ter day,
etc.); to tal pre cip i ta tion for 2, 5, 7, and 14 pre vi ous days.

DIS CUS SION AND RE SULTS

In the recent years, there has been an increase in extreme daily precipitation within the Moscow region.
Until 2000–2002, the annual daily precipitation maximum remained within 50–60 mm. In the subsequent
years, the frequency of the maxima above 70 mm increased (4–5 years at several stations). The coefficients
of linear trends of the absolute annual maxima of daily precipitation are positive at all stations, but are
almost everywhere insignificant at the level of 5 and 15%. The exception is Nemchinovka (pvalue = 0.0295)
and Podmoskovnaya (pvalue = 0.1437) stations. In the recent decades, there has been an increase in the
intensity of short-term (tens of minutes and hours) rainfalls [2]. For MSU (Fig. 2) and Nemchinovka
stations located within the Setun’ River model basin, the indices R95pTOT and R99pTOT show annual
precipitation for the days when daily precipitation was above the long-term 95% and 99% percentiles for a
given station. The trends in R95pTOT at both stations are similar with the aforementioned annual maxima:
do not exceed 300 mm before 2010, reach 400 mm and more in 2013, and are close to the value of 300 mm
or exceed it in 2–3 cases after that. For R99pTOT, MSU station is characterized by the higher variability
and the greater number of extreme outliers (1973, 2004, and 2020), and these values are higher than at
Nemchinovka station (200–250 mm and <200 mm, respectively). At the same time, the variation in
R99pTOT is smoother at Nemchinovka. The trends in both variables at both stations are positive, but only
R95pTOT at Nemchinovka (at the 5% level) and R99pTOT at MSU are significant (at the 5% and 15%
level, respectively). The index R10mm reaches 30–35 days per year (the maximum is higher in
Nemchinovka), its noticeable growth during the available period has been registered only at Nemchinovka
since the late 1990s. At MSU station, the distribution of values is more homogeneous for these years. For
R20mm, the frequency of high values (>5 days) has noticeably increased since the second half of the 2000s
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Fig. 2. The long-term se ries of (1) R95pTOT and  (2) R99pTOT  indices at MSU weather sta tion and their trend lines, re -
spec tively: (3) y = 0.81x – 1467.2; (4) y = 0.70x – 1344.4.



(4–5 years with the values of 5 day and more). Due to the higher rareness of values (2–3 days per year), the
values of R30mm do not exhibit a noticeable trend over the available observation period, and the year 2020
is especially pronounced (6 days). The trends are positive everywhere except R10mm at MSU station
(negative but insignificant). The trends in R10mm, R20mm turned out to be significant at the 5% level at
Nemchinovka station, and no significant trends were found for MSU station. This is generally consistent
with the data from [3] about a significant increase in annual precipitation at Nemchinovka station and a
maximum increase in the number of cases with precipitation above 10, 15, and 20 mm here. The ordinates
of rainfall reduction curves demonstrating the value of the precipitation layer over a specified time interval
in fractions of the daily precipitation maximum (for the same probability) for time intervals below 300 min- 
utes increased approximately by 20–25%. 

The calculations of the statistical significance of the series of the absolute daily maxima, parameters
R95pTOT, R99pTOT, R10mm, R20mm, R30mm for MSU and Nemchinovka stations using the t-test for
mean values and F-test for standard deviations for the halved samples (1966–1993 and 1994–2021)
demonstrated significant differences in variance, especially for the parameters of medium extremity
(R20mm, R95pTOT). The t-test revealed a significant difference in the means at the 5% level only for
R95pTOT in Nemchinovka (pvalue = 0.04), at the 10% level for R10mm in Nemchinovka (pvalue = 0.08). In
addition, pvalue was ~0.16 for the absolute daily maxima in Nemchinovka. For the other parameters, pvalue

was much higher. The F-test demonstrated more significant differences between the analyzed periods in
terms of the variability of parameters. For example, differences in variances turned out to be significant at
the 5% level for R10mm and R20mm in Nemchinovka, R20mm and R95pTOT at MSU and at the 10% level
for R95pTOT in Nemchinovka and absolute daily maxima for MSU. The same differences in the variance
of some parameters were also significant at the 15% level.

The test experiments with the COSMO-CLM for the Setun’ River model basin successfully reproduced
precipitation during May 28–June 2, 2020 and June 27–July 3, 2021. Precipitation on May 29, 2020 at
some stations reached 52 mm, which corresponds to the frequency n from 35 to 218 days per 100 years;
precipitation on June 28, 2021 reached 33 mm (n = 233 days per 100 years) (see Table 1). The situation on
May 29, 2020 according to model data was characterized by the movement of the extensive precipitation zone 
from southeast to northwest through the Setun’ River basin within the time interval of 22:15–23:00 UTC, the
first rainfall maximum (up to 7–8 mm/15 minutes) was associated with it. The rainfall maximum crossed
the Setun’ River basin from south to north for 1–1.5 hours. The second precipitation maximum was simulated
during 02:00–03:15 UTC on May 31, 2020, reached smaller values (2–3 mm/15 minutes) and affected the
smaller number of subbasins (in the east and southwest). Precipitation on July 28, 2021 was shorter but
more intensive. The precipitation zone in the model domain was smaller and passed through the Setun’ River
basin from south to north during 30–45 minutes (14:45–15:30 UTC), the maximum intensities reached
25 mm/15 minutes and mainly affected western subbasins.

The multistage hydrograph was formed during the period of extreme rainfalls in the summer of 2020 and 
2021 on the small rivers of Moscow. The maximum water discharge in the Setun’ River on May 29–31, 2020
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Ta ble 1. Daily to tal pre cip i ta tion, the prob a bil ity and num ber of days with the same to tal pre cip i ta tion per 100 years
at the Mos cow re gion sta tions for the pe ri ods of May 27–29, 2020 and June 27–29, 2021

Sta tion

2020 2021

May 29 May 30 May 31 June 27–28 June 28–29

P P n P P n P P n P P n P P n

Balchug
MSU
Nemchi-
novka
Podmos-
kovnaya
Tushino
VDNKh

32
38.7
23

52

41.5
38

99.75
99.86
99.28

99.98

99.90
99.82

  89
  51
218
   
     5.37
  
  35
  64

20
31.7
36

34.3

26.4
23

98.91
99.68
99.77

99.78

99.50
99.23

397
114
  68
 
 68

180
277

33
32.5
32

41

34
34

99.79
99.71
99.69

99.91

99.77
99.76

75
103

93

27

83
86

19
–

22

11

33
20

98.75
–

99.24

96.67

99.73
98.93

456
–

233

1042

97
388

0
–
0.8

0.6

37
0.4

50.70
–

67.76

65.18

99.83
59.42

17982
   –

9870

10885
   

   59
14739

P is to tal pre cip i ta tion, mm; P is per cen tile, %; n is the num ber of days per 100 years.



was much above the flood peak. Its estimated probability was within 4–7%. The flood started in the process 
of showers at 06:00 UTC on May 29, 2020. Its first peak fell on 11:30 on May 29, 2020 (16 m3/s). Then,
after the short-term decline of water discharge, the main flood wave was formed, its peak was registered at
04:00 UTC on May 30, 2020 (32 m3/s). The two-fold increase in the runoff of the second wave was
associated with the saturation of soil and a high degree of the hydrographic network filling. Due to this
effect, increased water levels were recorded until June 7. At night on May 30, the middle and even high
overflow was registered for most of unregulated rivers of Moscow and the Moscow region, which was
accompanied by significant damage to neighboring infrastructure. Showers on June 28, 2021 formed a
rainfall flood in the Setun’ River catchment that exceeded the spring flood by two times. During the
preceding 10 days, there were low-water discharges of about 5 m3/s at the outlet. In the daytime on June 28, 
the discharge grew by three times per hour (from 13:00 to 14:00 UTC) and exceeded 24 m3/s in the evening. 
The flood recession lasted three days and, by July 1, water discharges at the outlet returned to the low-water 
values.

The anal y sis of the co ef fi cients of cor re la tion be tween hourly rain fall and wa ter dis charges
demonstrated (Fig. 3) that the high est sig nif i cant cor re la tions were found for the pre vi ous pre cip i ta tion
reg is tered 6–8 hours ago at MSU weather sta tion (R = 0.14, the sig nif i cance level a = 0.05, the num ber of
cases N = 16054). At the same time, al most the same high val ues (R = 0.13) were typ i cal of Nemchinovka,
Podmoskovnaya, Balchug, and VDNKh sta tions. All men tioned sta tions are within the Setun’ River catch -
ment or are quite close to it (<10 km). The value of the cor re la tion co ef fi cient can not im ply sig nif i cant
correla tion but in di cates the pres ence of a steady sig nal from pre cip i ta tion in the se ries of wa ter dis charge 
ob ser va tions. The val ues of the co ef fi cient of cor re la tion be tween the wa ter dis charge and pre ced ing
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Fig. 3. The coefficient of correlation between the Setun’ River water discharge (station S-3) according to measurements in
2019–2021 and total precipitation over the period from 2 to 72 hours (2019–2021) for the weather stations: MSU
Observatory (27617),  Nemchinovka (27515),  Podmoskovnaya (27518),  im. Mikhel’sona (27519),  Balchug (27605), 
VDNKh (27612),  Tushino (27619).



precipitation al low de ter min ing the char ac ter is tic ba sin travel time for the Setun’ River ba sin at a level of
6–8 hours. Such short travel time of liq uid pre cip i ta tion may be ex plained by the pres ence of the great num -
ber of im per me able (as phalt, con crete, etc.) sur faces in the ba sin, which do not al low pre cip i ta tion to soak
into the soil and pro vide its fast in flow to the river net work.

Total precipitation accumulated over the period from 2 to 72 hours exhibit significant correlations
with runoff. The highest values are typical of 36-hour total precipitation at MSU weather station (R = 0.43, 
a = 0.05, N = 16054). At the same time, R ³ 0.4 for total 20- to 48-hour precipitation and starts decreasing
only by 72 hours. A similar comparison of average daily water discharges of the Setun’ River at Zavod
“Slozhnye Efiry” station and total precipitation for a current day for 1979–1988 showed that the maximum
correlation coefficients were found for  total precipitation for 3 and 4 days according to Kuntsevo
weather station (R = 0.14, a = 0.05, N = 2525) and total precipitation for two days ago also for Kuntsevo
station (R = 0.13, a = 0.05, N = 2525). The Shannon mutual information MI for reducing entropy of daily
water discharges of the Setun’ River does not exceed 0.5 bit and is also quite high for Kuntsevo station:
0.36–0.37 bit for total precipitation for 1–2 days and 0.4 for daily precipitation for three days ago. The
maximum mutual information was found for daily precipitation for three days ago (0.51 bit) and total
precipitation for 1 day (0.46 bit) at Tushino weather station. 

CON CLU SIONS

The present study for the first time investigated features of the long-term variability of extreme
precipitation on the territory of Moscow and estimated the response of water runoff of small rivers (the Setun’ 
River) to it. The following conclusions were made. 

An in crease in the ab so lute an nual daily max i mum rain fall and an es sen tial growth of the pa ram e ters of
the mean ex trem ity of pre cip i ta tion (R95pTOT, R20mm) are ob served in the Mos cow re gion. The es ti mated 
dis place ment of rain fall re duc tion curves ac cord ing to MSU Me te o ro log i cal Ob ser va tory ob ser va tions us -
ing a re cord ing rain gage over the pe riod from 1997 to 2020 is 20–25%, which cor re sponds to an in crease in 
the pre cip i ta tion in ten sity by 10–15%.

Against this background, maximum precipitation was recorded in 2020 and 2021. Precipitation on
May 29, 2020 reached the frequency of 35 days per 100 years, and precipitation on June 28, 2021 reached
the frequency of 233 days per 100 years. The passage of maximum precipitation through the Setun’ River
basin lasted 1–1.5 hours on May 30, 2020 and about 45 minutes on July 28, 2021.

Showers form the mul ti stage hy dro graph in her it ing the pre cip i ta tion struc ture on small rivers. The es ti -
mated char ac ter is tic ba sin travel time dur ing the pe riod of show ers for the Setun’ River ba sin is 6–8 hours.
Max i mum val ues of run off cor re spond to 36-hour to tal pre cip i ta tion. The suc cess ful pre dic tion of ex treme
floods in the Setun’ River ba sin re quires an ac cu rate me te o ro log i cal fore cast for MSU, Tushino, and
Kuntsevo weather sta tions with a lead time of 1 to 3 days.

An im por tant meth od olog i cal re sult of the pres ent study is the sim u la tion of ex treme rain falls dur ing the
2020 and 2021 ex per i ments with the lat est ver sion of the COSMO-CLM model. Model er rors in de ter min -
ing the du ra tion of pre cip i ta tion and some cases of light pre cip i ta tion re quire more de tailed anal y sis of syn -
op tic con di tions and the spa tial dis tri bu tion of pre cip i ta tion us ing ar chi val weather ra dar data. It also re -
quires spa tial ver i fi ca tion meth ods due to the fact that the model could re pro duce max i mum pre cip i ta tion
zones with a cer tain dis place ment rel a tive to the sta tions. The use of pluviogram data for MSU sta tion for
cor re spond ing pe ri ods, as well as the hy dro log i cal model of wa ter and chem i cal run off will al low de vel op -
ing an in te grated sys tem for the pre dic tion of ex treme pre cip i ta tion and run off for small river catch ments of
Mos cow in the near est fu ture. 
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