Vestnik of Brest State Technical University. 2023. No. 3(132)

UDC 556.5
REGULARITIES OF VARIABILITY IN AVERAGE MONTHLY FLOW RATES DURING THE LOW-WATER
PERIOD IN THE RIVERS OF BELARUS

S. V. Sidak’, A. A. Volchak?, S. I. Parfomuks3, V. A. Kofanov*

1 Senior Lecturer of the Department of Mathematics and Informatics, Brest State Technical University, Brest, Belarus, e-mail: harchik-sveta@mail.ru
2Doctor of Geographical Sciences, Professor, Professor of the Department of Environmental Management, Brest State Technical University,
Brest, Belarus, e-mail: volchak@tut.by
3Ph.D in Engineering, Associate Professor, Head of the Department of Mathematics and Informatics, Brest State Technical University,
Brest, Belarus, e-mail: parfom@mail.ru
4Ph.D in Engineering, Associate Professor, Associate Professor of the Department of Mathematics and Informatics, Brest State Technical
University, Brest, Belarus, e-mail: vakofanov@g.bstu.by

Abstract

The research is devoted to the study of long-term dynamics of fluctuations in average monthly flow rates during the summer-autumn and winter
low-water periods in the rivers of Belarus. The assessment of extreme water flows of rare frequency in the summer-autumn period for the two time
intervals (1961—1990, 1991—2020) demonstrates an increase in their frequency at most gauging stations over the last 30-year period. The minimum
average monthly flow rates in the summer-autumn period are most often observed in August or September. The research shows that all months
covering the winter low-water period are characterized by a tendency to increase runoff, more pronounced after 1988.
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3AKOHOMEPHOCTW U3MEHUYMBOCTU CPEHEMECAYHbLIX PACXO10B CTOKA B MEXXEHHbIA MEPUOA HA PEKAX
BENAPYCU

C. B. Cupak, A. A. Bonuek, C. U. Mapdomyk, B. A. KocbaHoB

Pechepar

Pabota nocesileHa vccnegoBaHuio MHOTONETHEN AMHaMUKK KonebaHui cpeaHEMECsuHbIX PacXofoB CTOKa B NEPUOA NETHE-OCEHHEN 1 3UMHEN
MeXeHn Ha pekax bemapycu. BbinonHeHHast oueHka aKCTpeManbHbIX PacXOAOoB BOAbl PEAKOWM MOBTOPSEMOCTH B NETHE-OCEHHMIA nepuog Ans OByX
BpeMeHHbIX MHTepBanos (1961—1990 rr., 1991—2020 rT.) 4EMOHCTPUPYET YBENUYEHWNE MX YacTOTbl MO GOMBLIMHCTBY MMAPOMOTMYECKNX MOCTOB 3a
nocnegHui 30-neTHui nepuog. MuHUManbHbIE CpeaHNe MecsuHble pacxodbl B NETHE-OCEHHWI NEepUoA Yalle Bcero HabniogatoTcs B aBrycte wnm
ceHTsAbpe. B paboTe nokasaHo, YTo 4Ns BCeX MECALIEB, OXBATbIBAIOLLMX NEPUOS 3UMHEN MEXEHH, XapakTepHa TeHOEHLMS K yBENUYeHMIo CToka, bonee

BblpaxeHHas nocre 1988 r.

KntouyeBble cnoBa: pacxod soapl, cpenHemecmem CTOK, NETHE-0CEHHAA MEXEHb, 3UMHAA MEXEHb, MOBTOPAEMOCTb MTMAPONOrNYECKMX SABIIEHNNA,

MOZYIbHbINA KO3(ULMEHT.

Introduction

Many scientists have studied the patterns of formation of river runoff
in Belarus and its variability in the spatiotemporal aspect [1-3]. The anal-
ysis of hazardous hydrological phenomena on the territory of Belarus
over the past 20 years carried out in [4] shows that the most frequent are
hazardous phenomena accompanied by low water levels. Therefore, the
study of runoff during low water periods is of particular relevance. Analy-
sis of the dynamics of runoff elements during this period and the identifi-
cation of the main patterns of its variability is of great practical interest
due to their consideration in the justification and development of water
management and water protection measures. Minimum flow acts as a
limiting factor in the use of water resources, and identifying patterns in the
frequency and intensity of droughts is critical to assessing the potential
environmental and social impacts on processes associated with surface
water resources.

Despite the large number of works devoted to the study of minimum
runoff, today the issue of long-term dynamics of average monthly flow
rates during low-water periods in the rivers of Belarus remains insuffi-
ciently studied.

The purpose of this work is to assess the variability of the long-term
average monthly flow of rivers in Belarus during the summer-autumn and
winter low-water periods.

To achieve this goal, the following tasks were solved:

— Analysis of the dynamics of average monthly water flows during
the low-flow period.

— Assessment of the frequency of extreme values of minimum
summer-autumn runoff for the period 1961-2020.

— Identification of trends in the month during which the lowest river
flow discharges of the year were observed.

Materials and methods

As a rule, on the rivers of Belarus, the summer-autumn low-water peri-
od begins in early June and ends in late November — mid-December [5].
Winter low water usually begins at the end of November — mid-December,
and on the rivers of the southern part of Belarus — at the end of December
and lasts until the start of the flood, which usually begins in the first ten days
of March in the south-west of Belarus, in the second or third ten days of
March on the rivers of the northern and northeastem parts of the country. In
view of this, the object of the study is the average monthly water flow (from
June to March) at the gauging stations with long series of observations (the
Pripyat River at Mozyr station, the Neman River at Grodno station, the
Western Dvina River at Vitebsk station, the Berezina River at Bobruisk
station, the Dnieper River at Orsha station, the Sozh River at Gomel station,
and the Viliya River at Mikhalishki station).

To solve the above problems, the study used observation materials
from the State Institution “Republican Center for Hydrometeorology, Radio-
active Pollution Control and Environmental Monitoring” of the Ministry of
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Natural Resources and Environmental Protection of the Republic of Belarus
for the studied hydrological gauging stations for the period of instrumental
observations, published in the materials of state cadasters. The period of
systematization and analysis covers a 60-year period (1961-2020). The
restoration of gaps in data series was carried out using the “Hydrolog” com-
puter software package [6].

In this study, moving 10-year averaging was used to identify larger
changes in the course of monthly runoff curves, as well as to compare se-
ries of long-term runoff fluctuations at different gauging stations.

The assessment of changes in the probability of the formation of ex-
treme water flows of rare frequency under conditions of modern climate
warming was carried out using the following criterion: to analyze changes in
the frequency of dangerous minimum summer-autumn water flows, the
number of years with a water flow less than the 90 % probability flow was
selected. This threshold value was chosen based on an analysis of data on
the most significant droughts on the rivers of Belarus [5, 7].

Results and discussion

Figure 1 shows the long-term variation of modular runoff coefficients for
the summer months over moving average 10-year periods for the period
1961-2020.
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Figure 1 - Change in modular runoff coefficients for the summer months
by moving average 10-year periods, 1961-2020

The graph of moving 10-year average modular coefficients of river
runoff for the summer months clearly shows that the long-term variability
of river flow in June for most of the study observation points remained
stable until 1986. From 1986 to 1997, June runoff was close to or above
normal. From 1986 to 2020, there are two waves in runoff variability with
peaks in 1996 and 2014. Runoff in August at the Western Dvina River at
Vitebsk gauging station from 1973 to 1986 is characterized by indicators
below normal, however its growth is observed; from 1986 to 2010, the
flow in August at this gauging station was higher than normal; from 2007
to 2020 there is a steady downward trend in runoff. A similar situation
arises for the Dnieper River at Orsha gauging station. For the Pripyat
River at Mozyr station the deviation of runoff from the long-term average
in August until 1996 did not exceed 20 %; until 2000 there was an in-
crease in runoff; from 2000 to 2020 there was a trend towards a decrease
in runoff. For the remaining gauging stations for the period 1961-2020
the runoff in August is characterized by high correlation between the
series of 10-year moving averages; almost over the entire time interval,
the deviation of the runoff for August from the long-term average value for
these gauging stations does not exceed 20 %.

Figure 2 shows the multi-year variation of modular runoff coefficients
for the autumn months over moving average 10-year periods for the period
1961-2020.
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Figure 2 — Change in modular runoff coefficients for the autumn months by
moving average 10-year periods, 1961—-2020

Graphs of moving 10-year average modular coefficients of river flow for
the autumn months at the gauging stations Westem Dvina River at Vitebsk,
the Dnieper River at Orsha, and the Sozh River at Gomel clearly demonstrate
a fairly stable trend towards an increase in flow until 1993, and then a de-
crease in flow until 2020, which is changeable. In November, for these gaug-
ing stations until 2015, there is a trend towards an increase in runoff in the
long-term course. For the Berezina River at Bobruisk station, runoff deviations
in October over the entire studied time interval from the norm do not exceed
10 %. For the Neman River at Grodno station, the runoff from 1974 to 2000 is
higher than normal and has a wave-like character with a peak in 1982; after
2000, the flow is below the long-term average flow rate for October, the devia-
tion from which does not exceed 10 %. The course of the curve of modular
runoff coefficients for October according to sliding 10-year periods for the river
is similar for the Viliya River at Mikhalishki station. For the Pripyat River at
Mozyr gauging station for the 40-year period 1975-2015 the runoff in October
is higher than the long-term average flow rate for October, and the change in
runoff has a wave-like character. Statistically insignificant negative trends in
moving 10-year average modular coefficients of river flow for November are
characteristic of gauging stations Berezina River at Bobruisk, the Viliya River
at Mikhalishki, the Neman River at Grodno, and the Pripyat River at Mozyr.
The greatest variability of runoff in September was noted at the Westem Dvina
River at Vitebsk gauging station. It is characterized by a stable tendency to
increase runoff until 1993, runoff values above the long-term average for Sep-
tember during the period 1985-2015.

From Table 1 it can be seen that for all the studied stations there was
an increase in runoff during the months covering the winter low-water
period. The exception is the flow in December at the Viliya River at Mi-
khalishki station and the Pripyat River at Mozyr station (reduction of run-
off by 2 % and 7.6 %, respectively). The greatest change in runoff is typi-
cal for February. For the months covering the period of summer-autumn
low water, the situation is ambiguous: at the Dnieper River at Orsha sta-
tion and the Sozh River at Gomel gauging station, an increase in runoff is
observed in these months; for the remaining gauging stations, multidirec-
tional changes in runoff are characteristic.

An assessment of the frequency of dangerous minimum summer-
autumn water flows was carried out for two periods: 1) from 1961 to 1990
(base period), 2) from 1991 to 2020 (modem period). The assessment
results for the studied gauging stations are shown in Table 2.

Geoecology
https://doi.org/10.36773/1818-1112-2023-132-3-78-82

79



Vestnik of Brest State Technical University. 2023. No. 3(132)

Table 1 — Average runoff values by month for three time intervals and changes in runoff values for the period 1961-1990 in relation to the period

1991-2020 (A, %).

Months
Period December | January | February | March | June [ July [ August | September | October | November
the Berezina River at Bobruisk station
1961-1990 | 97.9 94.0 87.5 1336 | 1003 | 87.8 | 84.6 83.8 97.9 100.8
1991-2020 | 99.2 103.3 114.2 156.0 | 105.0 | 89.3 | 80.5 71.2 99.2 102.4
1961-2020 | 98.5 98.6 100.9 1448 | 1026 | 886 | 825 80.5 985 101.6
A% 1.3 9.9 30,5 16.8 47 1.7 4.8 -7.9 1.3 1.6
the Western Dvina River at Vitebsk station
1961-1990 | 138.6 1131 100.8 183.2 | 1525 | 1251 | 108.8 1114 139.1 163.2
1991-2020 | 171.2 166.0 131.8 2988 | 174.8 | 118.6 | 1044 116.6 158.3 204.5
1961-2020 | 1549 139.5 116.3 2410 | 1636 | 121.8 | 106.6 114.0 1487 183.8
A% 23,5 46.8 30.8 63.1 146 | 52 | 40 47 13.8 253
the Viliya River at Mikhalishki station
1961-1990 | 55.2 522 486 789 528 | 480 480 473 524 585
1991-2020 | 54.1 60.9 63.8 86.2 516 [ 469 | 426 448 47.3 541
1961-2020 | 54.6 56.5 56.2 82.6 522 | 475 | 453 46.0 49.9 56.3
A% -2.0 16.7 31.3 9.3 23 1 -23 [ -113 [-53 -97 -7.5
the Dnigper River at Orsha station
1961-1990 | 77.1 60.3 536 1143 1818 | 779 | 655 61.1 65.1 791
1991-2020 | 89.1 87.8 82.1 166.3 | 111.2 | 836 | 73.8 76.7 88.0 107.9
1961-2020 | 83.1 741 67.8 1403 | 965 | 80.7 | 69.7 68.9 76.5 93.5
A% 15.6 45.6 53,2 45,5 359 [73 12.7 25.5 352 36.4
the Neman River at Grodno station
1961-1990 | 161.5 161.0 155.3 257.7 | 1641 | 1385 | 1257 129.2 153.7 173.9
1991-2020 | 163.6 186.5 2101 2902 | 1449 | 1282 | 110.6 113.9 133.9 165.3
1961-2020 | 162.6 173.8 182.7 2740 | 1545 | 1334 | 1181 121.5 143.8 169.6
A % 1.3 15.8 353 12.6 -M71-74 [-120 | -118 -12.9 49
the Pripyat River at Mozyr station
1961-1990 | 322.5 3337 310.6 4875 | 408.1 | 3201 | 2604 | 236.7 254.2 300.0
1991-2020 | 298.0 3341 4071 666.9 | 401.0 | 2929 | 270.6 | 223.0 240.9 279.7
1961-2020 | 310.3 3339 358.9 577.2 | 4046 | 3065 | 2655 | 229.9 2475 289.9
A % -7.6 01 3141 36.8 -17 1 -85 139 -58 52 -6.8
the Sozh River at Gomel station
1961-1990 | 124.5 1191 1051 2018 | 1214 | 1153 | 96.6 92.6 108.9 123.9
1991-2020 | 1459 149.5 160.4 2735 | 1645 | 1196 | 1069 | 99.0 115.3 1477
1961-2020 | 135.2 134.3 132.8 2376 | 1429 | 1175 [ 101.7 | 958 1121 135.8
A % 17.2 25.5 52.6 35.5 355 137 10.7 6.9 59 19.2

Note: the highlighted val

1991-2020 in relation to the period 1961-1990.
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Figure 3 — Change in modular runoff coefficients for the winter low-water
period by moving average 10-year periods, 1961-2020

lues correspond to the gauging stations and months that are characterized by an increase in runoff values for the period

Table 2 - Assessment of the formation of extreme water flows of rare
frequency in the summer-autumn period

River — gauging station Amount of cases
1961-1990 1991-2020

the Pripyat River at Mozyr 2 3

station

the Neman River at Grodno 2 4

station

the Western Dvina River 1 4

at Vitebsk station

the Berezina River at Bobru- 4 3

isk station

the Dnieper River at Orsha 2 2

station

the Sozh River at Gomel 5 1

station

the Viliya River at Mikhalish- 3 4

ki station

Note: the highlighted values correspond to the gauging stations
where there was an increase in the amount of extreme water flows of rare
frequency

The assessment results allow us to conclude that for most gauging
stations over the last 30-year period, there has been an increase in the
number of extreme values of the minimum summer-autumn runoff of rare
frequency. Moreover, this increase occurs “against the background” of a
statistically insignificant decrease in the average value of the minimum
summer-autumn runoff for the second period for the Neman River at
Grodno station, an increase in the minimum summer-autumn flow
(by 4-28 %) for the remaining sections under study [9].
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the Western Dvina River at Vitebsk station
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Figure 4 — Amount of cases of observation of the minimum annual average monthly flow for the periods 1961-1990 and 1991-2020
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Figure 4 clearly demonstrates the change in months in which minimal
river flows were observed. The minimum average monthly runoff in the
summer-autumn period is most often observed in August or September.
For the period 1961-1990 for some stations the minimum values of water
flow in 50 % of cases occurred in the winter months, then for the period
1991-2020 the minimum expenses of the year occur in the summer and
autumn months.

Conclusion

An analysis of the long-term dynamics of river runoff for individual
months of summer-autumn and winter low water showed that the water
regime of the rivers in Belarus is characterized by certain transformations,
primarily manifested in an increase in the runoff of winter months, most
pronounced after 1988 and the relative constancy of the flow in February
and March in the period from 2000 to 2020. The assessment of extreme
water flows of rare frequency in the summer-autumn period for two time
intervals (1961-1990, 1991-2020) demonstrates an increase in their
frequency at most gauging stations over the last 30 year period. The
minimum average monthly flow rates in the summer-autumn period are
most often observed in August or September. All months covering the
winter low-water period are characterized by a tendency to increase run-
off, more pronounced after 1988.

The article was carried out within the framework of task 1.04 of the
research work “Assessment of the hydrological and climatic regimes of
the territory of Belarus in modern conditions” (subprogram “10.1 Natural
resources and their rational use” of the State Public Research Institute
“Natural Resources and Environment” for 2021-2025).
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