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A comparative analysis of the maximum water levels formation of the rivers in the Belarusian
Lakeland and the Belarusian Polesie for the period from 1946 to 2015 was carried out. Three
periods were studied: 1946...1965 — the period before the mass reclamation, the peri-od of
minimal anthropogenic impacts, can be conditionally accepted as a natural water regime;
1966...1987 — the period of mass reclamation; 1988...2015 — the period of modern climatic
impacts. The methodological basis ofthe research was the scientific provisions on the stochastic
nature of the variability of the river level regime and the comparative geographical method.
It is established that for the rivers of the Belarusian Lakeland there is a steady tendency to
decrease the maximum water levels at a rate of minus 31 cm/ 10 years in general for the entire
period under review, while there is a slight decrease for the rivers of the Belarusian Polesie.
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INTRODUCTION

The level regime is the main hydrological
characteristic of rivers and it is widely used in
solving both theoretical and practical problems.
The annual flooding of the floodplain has a
beneficial effect on ecosystems, soil moistening
occurs, spawning areas are formed, the coastal
zone is cleaned etc. Floods are constant in time,
so the population of coastal zones has adapted
themselves and their economic activities to
this phenomenon. The situation is worse when
the flood turns into a flood, which leads to
economic damage and even human casualties.
As for natural river ecosystems, floods
should rather be considered as a mechanism
contributing to their recovery, since, as a rule,
stronger representatives of flora and fauna
survive. Modern climatic fluctuations and
anthropogenic impacts have undoubtedly had
a certain impact on the level regime of rivers.
Therefore, by the nature of changes in the level
regime, it is possible to assess the influence
of various factors to one degree or another.

The purpose of the work is the spatial and
temporal assessment of fluctuations in the water

levelsoftheriversinthe Belarusian Polesieandthe
Belarusian Lakeland on the example of the rivers
of the basins of the Western Dvina and Pripyat
flowing in various natural and climatic zones.

DATA AND METHODS

The studies used data from observations
of the maximum water levels of the rivers of
the Western Dvina River basin in the channels
(Surazh, Vitebsk, Ulla, Polotsk, Verkhnedvinsk)
and the Pripyat River basin in the channels
(Pinsk (Lyubansky Bridge), Chernichi, Petrikov,
Mozyr, Narovlya). There are a total of 10
hydrological stations with a 70-year observation
period from 1946 to 2015, with the exception
of the Western Dvina River — Verkhnedvinsk
from 1955 to 2015 and the Pripyat River — Pinsk
(Lyubansky Bridge) published in (Annual data
1946...2015). Detailed characteristics of the water
regime of the studied rivers and hydrographic
characteristics of catchments are presented
in the works (Western Dvina, 2006; Kalinin
M.Yu., 2004, Monitoring, use and management
of water resources of the river basin, 2003;
Volchek A.A., 2002; Kalinin M.Yu., 2005).
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The existing gaps in the series
of observations of the maximum water
levels were restored by generally accepted
methods of hydrological analogy using
analogous rivers (Estimated hydrological
characteristics, 2010; Volchek A.A., 2021).

Theinitialtimeseriesaredividedintothree
intervals: from 1946 to 1965 — the period before
the mass reclamation, the period of minimal
anthropogenic impacts, can be conditionally
accepted as a natural water regime; from 1966 to
1987 —the period of mass reclamation; from 1988
to 2015 — the period of modern climatic impacts.

The methodological basis of the
research is the scientific provisions on the
stochastic nature of the variability of the level
regime of rivers, which allowed the use of
statistical methods of time series analysis,
namely correlation and regression analysis,
spatial asynchrony functions, spatial correlation
functions, etc. A systematic analysis of the
accumulated information and a comparative
geographical method made it possible to
synthesize the most important patterns of spatial
and temporal fluctuations in river water levels.

The assessment of the homogeneity
of the series of hydrometric observations is
carried out on the basis of a genetic analysis
of the conditions for the formation of river
runoff by identifying the causes that cause the
heterogeneity of the initial observation data.

The primary analysis of the homogeneity
of hydrological series is recommended to be
carried out by graphical methods, which provide
for the construction of total (integral) curves of
connections from time (Volchek A.A., 2021):

5 Hop = f(1), M
where = — the increasing value of
the maximum water levels in time; t — the
current year, T — the observation period.

Linear trends were used to
assess the dynamics of maximum water
levels  (Statistical ~methods in  nature
management, 1999; Loginov V.F., 2004):
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where — the value of the maximum

level in the calculated year, Hiey (0) cm, — the
value of the maximum level at the initial time,
cm; t— the current year.

The statistical homogeneity of the series
of observations relative to the natural level
regime of rivers was evaluated by parametric
tests, in particular, differences in averages using
the Student's criterion, and differences in the
nature of fluctuations in the level regime — the
Fisher criterion (Statistical methods in nature

management, 1999; Loginov V.F., 2004):
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where Hmax1, Hmax2 - szampzle averages of
maximum water levels; 91°92 — sample

dispersions; mi and n. — sample volumes.
The obtained value of the Student's
t-test and Fisher's F-test were compared with
their critical values at a given significance level
a = 5%. If t > ta, the hypothesis of a statistical
difference between the two sample averages
is accepted, and if F > Fa, the hypothesis of
a statistical difference in the fluctuations of
the series under consideration is accepted.
The asynchronous effect was determined
by the method of N.V. Somov. The peculiarity
of the method lies in the possibility of
unambiguous determination of the quantitative
parameters of the asynchrony effect in any
zones of the security curve individually and for
the entire set of values of the studied quantity.
The proposed methodology is based on the
determination of the asynchronous effect by
the combined curves of the security of the total
chronological and equidistant series of values
of water levels.
When constructing the security curves of a total
equally secured series, the values of water levels
are arranged in descending order and summed
up, then, depending on the place occupied
by each member of such a total decreasing
series, it is assigned the corresponding security.
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When constructing the security curve of the total
chronological series, the modular coefficients of
water levels are summed up for the corresponding
years in chronological order, then the series is
ranked in descending order. The ratio (Loginov
V.F., 2006) is used as a quantitative indicator
of the degrc;:e of asynchrony of water levels:

2 (e (1) 5)

e ()

where /= —the sum of chronological ranked

Zc (/)

modular coefficients; 7= —the sum of
equally secured ranked modular coefficients;
k — the number of stations; P — probability.

RESULTS AND DISCUSSION

In the basin of the Western Dvina River,
the spring flood develops quite quickly due to the
short paths of slope runoft and significant slopes;
the maximum lasts for a short time, usually no
more than a day, followed by a relatively rapid
decline. The Pripyat River flowing in the southern
part is not characterized by sharp and high floods.

The rivers in question belong to the
type of plains with a predominance of snow
nutrition. The distribution of spring runoff in
a year is directly dependent on physical and
geographical factors, such as relief, the nature
of soils, the distribution of precipitation over
the territory, the geological structure of the area.

The rivers of the northeastern and
southern regions have the greatest difference. The
rivers of the north-eastern districts (the Western
Dvina River) are located in the most elevated part
of the country, flowing in narrow clearly defined
valleys, characterized by sharper and significant
fluctuations in water levels and flow rates. The
southern rivers (Polesie Rivers), located in a flat,
heavily swampy area, flowing in wide valleys
with extensive floodplains, are characterized
by the greatest smoothness of the course of
the levels and a low, much stretched flood.

The spring rise of water levels begins
a few days before the debacle. The average
time of the beginning of the spring rise of

levels is observed in the south of the country
in late February — early March, in the north
— in late March — early April. The highest
water levels of the spring flood through-out
the country are mainly observed in the third
decade of March — the second decade of April.

Table 1 shows the maximum spring flood
water levels for the period 1946...2015. In the
basin of the Western Dvina River, for all the
studied stations, the maximum water levels were
observed during the spring flood in the spring
of 1956 in the period April 23 ...26, which
developed downstream. The absolute maximum
water level was formed on the Western Dvina
River in the alignment of the village of Surazh
and reached 146,10 m. In Belarusian Polissya,
the formation of maximum water levels is more
complicated than in the north of the country.

The spring flood is more stretched; there
are several waves of maximum levels. During
the research period, the maximum water levels
were observed in the spring of 1979 from March
29 to April 10. The stretch of the flood is caused
by the small slopes of the catchments, which
causes a low rate of melt water reaching.

A shorter flood was observed in 1999 and
the maximum water levels were observed from
March 21 to March 22. The absolute maximum
water level was formed on the Pripyat River in
the alignment of Pinsk (Lubansky Bridge) and
reached 136,20 m. Figure 1 shows fragments
of flooding in 1999 on the Pripyat River. The
results obtained are in good agreement with
the results of studies on the maximum water
consumption given in (Loginov V.F., 2014).

Using integral curves (formula (1), the
studied series were checked for uniformity.
As the analysis showed, the studied series of
observations of the maximum water levels
are homogeneous, with the exception of the
Pripyat River in the alignment of Chernichi the
violation of uniformity is dated to 1986 (Fig. 2).
The chronological course of the maximum
water levels, the dates of their occurrence,
as well as the trend lines for the time
intervals under consideration are shown in
Figure 3. In general, there is a statistically
significant (correlation coefficient r = — 0,36)
tendency to decrease the maximum water
levels at a rate of — 31 cm / 10 years.
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Table 1

Maximum spring flood water levels over a multi-year period

River — station

The highest
level in Date of occurrence of the
absolute highest level (number of cases)
values, m

Belarusian Lakeland

Western Dvina River — Surazh
Western Dvina River — Vitebsk
Western Dvina River — Ulla

Western Dvina River — Polotsk
Western Dvina River — Verkhnedvinsk

146,10 23.04.1956 (1)
135,32 24.04.1956 (1)
124,28 24.04.1956 (1)
119,32 25.04.1956 (1)
112,90 25.04.1956 — 26.04.1956 (2)

Belarusian Polesie

Pripyat River — Pinsk (Lyubansky Bridge)
Pripyat River — Chernichi

Pripyat River — Petrikov

Pripyat River — Mozyr

Pripyat River — Narovlya

136,20 29.03.1979 (1)
128,28 21.03.1999 —22.03.1999 (2)
121,88 03.04.1979 — 04.04.1979 (2)
118,22 08.04.1979 — 10.04.1979 (3)
117,01 1979

Fig. 1. Flood on the Pripyat River in '** (Photo by A. Dubrovsky).
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Fig. 2. Change in the increasing sum of the maximum water levels of
the spring flood of the Pripyat River — Chernichi.

The period 1946...1965 is characterized
by stable maximum water levels, the rate of
decline was —0,30 cm / 10 years, which is within
the error. It should be noted that the average

maximum level is statistically significantly
higher than the average maximum level for
the entire observation period, at the same time,
the nature of fluctuations has not changed.
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The period of intensive reclamation
transformations is characterized by a decrease
in the maximum water levels at a rate of
—39cm/10years, while there were no statistically
significant differences in both the average
values and the nature of fluctuations. During
the period of modern climatic changes, there is
a slight decrease in maximum water levels at

a rate of -6 cm / 10 years, without changes in
average maximum water levels and the nature
of their fluctuations. There is a steady tendency
to shift the dates of the onset of maximum
water levels to earlier dates by an average of
10 days. A similar pattern is observed for other
rivers of the Belarusian Lakeland (Table 2).
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—— —trend lines; vertical lines: the first line is the year of the beginning of large—scale
reclamation, the second line is the year of the beginning of modern warming
Fig. 3. Long-term fluctuations of maximum water levels and the dates of their occurrence of
the Western Dvina River — Vitebsk.

The chronological course of the
maximum water levels, the dates of their
occurrence, as well as the trend lines for the
time intervals under consideration are shown
in Figure 4. In general, the dynamics of
maximum levels on the rivers of the Belarusian
Polesie is more complex than on the rivers of
the Belarusian Lakeland. Here there is both
an increase in maximum water levels and a
decrease. During the period under review along
the Pripyat River in the alignment of Mozyr
there is a slight decrease in maximum water
levels at a rate of -10 cm / 10 years, this value is
not statistically significant and it can be assumed
that during this period there is a steady dynamics
in fluctuations of maximum water levels. In
the period before the mass reclamation of the
Belarusian Polesie, there was a slight increase
in the maximum water levels at a rate of 29 cm

/10 years. The period of large-scale reclamation
of the Belarusian Polesie was characterized by a
massive discharge of centuries-old groundwater
reserves, which led to the liberation of the
pore space that accumulated melt water.
As a result, there was a drop in maximum
water levels at a rate of -66 cm/10 years.

As the functions of reclamation systems
decreased, in particular, the capacity of the
regulating and conducting network decreased,
in particular, the capacity of the regulating
and conducting network decreased, natural
ecosystems began to recover, which led to an
increase in maximum water levels at a rate
of 29 cm/10 years. A more detailed picture
of the other channels is presented in Table 2.
There is a steady shift of the dates of
the onset of maximum water levels to
earlier dates by an average of 15 days.
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Table 2
Statistical parameters of the maximum water levels of the rivers of the
basins of the Western Dvina River and the Pripyat River
Gradient of Criteria
Averaging Water level, Hups, m Coefficient of water level
interval variation change, A, Student Fisher
He o Ho em/ 1;) Years | g/t FlFe
,
Belarusian Lakeland
Western Dvina River — Surazh
1946-2015 142.80 146.10 139.62 0.20 -24.6 / -0.36 - -
1946-1965 143.60 146.10 141.41 0.17 -24.7/-0.11 -2.31/2.04 1.03/1.97
1966-1987 142.65 144.50 140.78 0.15 -20.8/-0.13 0.53/2.01 1.78/1.90
1988-2015 142.34 144.72 139.62 0.22 -7.6/-0.04 1.45/2.01 0.94/0.61
Western Dvina River — Vitebsk
1946-2015 130.66 135.32 126.85 0.25 -30.8 /-0.36 - -
1946-1965 131.66 135.32 128.46 0.22 -0.3/0.00 -2.20/2.04 0.93/0.58
1966-1987 130.51 132.96 128.12 0.18 -39.1/-0.20 0.46/2.01 1.91/1.90
1988-2015 130.07 133.13 126.85 0.27 -5.7/-0.03 1.50/2.01 0.98/0.61
Western Dvina River — Ulla
1946-2015 119.18 124.28 114.98 0.25 -30.7 /-0.33 - -
1946-1965 120.31 124.28 117.22 0.23 -3.4/-0.01 -2.17/2.05 0.85/0.58
1966-1987 118.84 121.30 116.59 0.18 -34.8/-0.17 0.96/2.01 2.09/1.90
1988-2015 118.66 121.88 114.98 0.27 -0.8/0.00 1.24/2.01 1.01/1.77
Western Dvina River — Polotsk
1946-2015 114.67 119.32 110.67 0.22 -28.5/-0.31 - -
1946-1965 115.68 119.32 112.52 0.21 -2.3/-0.01 -1.98/2.05 0.82/0.58
1966-1987 114.47 116.63 112.25 0.17 0.6/0.00 0.54/2.01 1.75/1.90
1988-2015 114.11 117.14 110.67 0.22 2.0/0.01 1.38/2.01 |1.07/1.77
Western Dvina River — Verkhnedvinsk
1955-2015 107.29 112.90 103.08 0.26 -33.7/-0.29 — -
1955-1965 108.79 112.90 105.22 0.24 -151/-0.21 -1.94/2.16 0.73/0.50
1966-1987 107.19 109.59 104.15 0.22 12.2/0.05 0.24/2.02 1.42/1.92
1988-2015 106.79 110.36 103.08 0.26 -3.2/-0.01 1.12/2.00 1.12/1.79
Belarusian Polesie
Pripyat River — Pinsk (Lyubansky Bridge)
1979-2015 135.27 136.20 134.09 0.24 -3.0/-0.05 — -
1979-1987 135.38 136.20 134.50 0.20 -78/-0.45 -0.61/2.16 1.16/3.06
1988-2015 135.23 136.20 134.09 0.25 7.0/0.10 0.27/2.00 0.95/0.56
Pripyat River — Chernichi
1946-2015 125.75 128.28 123.35 0.27 40.0/0.77 — -
1946-1965 124.92 125.71 123.35 0.17 9.0/0.10 4.84/2.00 4.01/1.97
1966-1987 125.15 126.84 123.86 0.18 -1./-0.01 3.39/2.00 3.21/1.90
1988-2015 126.81 128.28 125.54 0.12 17.0/0.23 -6.25/1.99 1.05/1.56
Pripyat River — Petrikov
1946-2015 120.25 121.88 117.85 0.10 -3.0/-0.07 - -
1946-1965 120.18 121.37 117.85 0.11 19.0/0.12 0.33/2.05 0.79/0.58
1966-1987 120.52 121.88 118.43 0.09 -44.0/-0.38 -1.43/2.03 1.15/1.90
1988-2015 120.10 121.56 118.26 0.10 12.0/0.13 0.92/2.01 1.17/1.77
Pripyat River — Mozyr
1946-2015 115.53 118.22 113.12 0.25 -10.0/-0.18 - -
1946-1965 115.59 117.73 113.12 0.26 29.0/0.14 -0.20/2.05 0.85/0.57
1966-1987 115.98 118.22 114.20 0.21 -66.0/-0.39 -1.66/2.03 1.10/1.90
1988-2015 115.14 117.50 113.26 0.23 29.0/0.24 1.69/2.00 1.29/1.77
Pripyat River — Narovlya
1946-2015 114.13 117.01 111.24 0.28 -1.0/-0.02 - -
1946-1965 113.95 116.49 111.24 0.34 72.0/0.30 0.52/2.05 0.72/0.57
1966-1987 114.61 117.01 112.70 0.25 -70.0/-0.39 -1.68/2.03 1.02/1.90
1988-2015 113.88 115.86 112.20 0.23 40.0/0.36 1.12/2.00 1.63/1.77
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Fig. 4. Long-term fluctuations of maximum water levels and the dates of their
occurrence of the Pripyat River — Mozyr.

The dependence of the coefficients
of asynchrony between the maximum water
levels of the Pripyat River in the alignment
of the city of Mozyr and the Western Dvina
River in the alignment of the city of Vitebsk.
So for a very high-water year, the asynchronous
coefficient of Cas (P=5%) = 0,97, and for a
very low-water year Cas (P=95%) = 1,05.
In the course of the research, a relationship was
obtained between the dates of the maximum
water levels of the Pripyat River in the alignment
of the city of Mozyr and the Western Dvina
River in the alignment of the city of Vitebsk:

tWestDv.:0~3'tPr+77, (6)
r=0,43,

where tWest Dv.— the date of the onset of
the maximum water level on the Western
Dvina River in the alignment of Vitebsk,
counting from 1.01; tPr — the time shift
of the onset of the maximum water levels
of the spring flood on the Pripyat River.

CONCLUSION

Thus, on the rivers of the Belarusian Lakeland

there is a general steady trend towards a de-
crease in maximum water levels at a rate of
-31 cm/10 years and a shift in the dates of their
onset to an earlier period. During the period
under review, this shift was about 10 days. A
more complex picture is observed on the rivers
of the Belarusian Polesie. Here there is both
an increase in maximum water levels and a
decline in individual periods under study. So, in
general, there is a slight drop in the maxi-mum
water levels in the regions at a rate of about
-10 cm/10 years. In the period before the mass
reclamation of the Belarusian Polesie, there was
a slight increase in the maximum water levels
at a rate of 29 cm /10 years. Large-scale land
reclamation caused a decrease in maximum
water levels. During the period of modern
climate warming, there is a certain increase
in the maximum water levels on the rivers
of the Belarusian Polesie. During the period
under review, this shift was about 15 days.
Synchronicity in the fluctuations of the
maximum water levels of the Western Dvina
River in the alignment of Vitebsk and the
Pripyat River in the alignment of Mozyr is
estimated by a correlation coefficient of 0,58,
and the coefficient of asynchrony for a very
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high-water year Cas (P=5%)=0,97, and for
a very low-water year Cas (P=95%)=1,05.
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ACHUHXPOHHOCTH KOJEBAHUI MAKCUMAJIBHOI'O YPOBHS BOJIbI PEK
BEJIOPYCCKOI'O ITIOJIECHA U BEJIOPYCCKOI'O ITIOO3EPbHA

A.A. Boauek!' n.r.H., J. A. llInoka'

! bpecmckuti cocyoapcmeennvlil mexnuueckutl yuueepcumem, 2. bpecm, Pecnyonuxa Berapyce
E-mail: volchak@tut.by

[IpoBenen cpaBHUTENbHBIN aHaMU3 (GOPMUPOBAHMUS MAKCHMAJIBHBIX YPOBHEU BOABI PEK
benopycckoro IToozeprs u benopycckoro IlToneckst 3a nepuoa ¢ 1946 o 2015 rr. beuin
u3ydeHsl Tpu nepuoga: 1946...1965 rr. — nepuoa 10 Hayaga MacCOBBIX MEIUOPALIH, T.€.
MepUOJl MUHUMAJIBHOTO aHTPOIIOT€HHOTO BO3/IEMCTBUS, MOKHO YCJIIOBHO MPUHATH 32 €CTE-
CTBEHHBIW BOAHBIN pexxuM, 1966...1987 rr. — nepuog maccoBbix Menuopanui, 1988...2015
IT. — MIEPUOJ] COBPEMEHHBIX KIMMAaTHUUYECKUX BO3ACUCTBUNA. METOAOIOTHYECKYI0 OCHOBY
MCCIIEI0BAHUS COCTABUIIN HAyYHbIE TIOJIOKEHHSI O CTOXaCTUYECKOM XapaKTepe U3MEHUNBO-
CTH YPOBEHHOT'O PEKHMa PEK U CPAaBHUTEIBHO-TeorpaduuecKuii MeTos. YCTaHOBIIEHO, YTO
st pex benopycckoro Tloo3epsst 3a Bech paccMaTpuBaeMblid IEPHO HAOIIOIACTCS YCTOM-
YUBask TCH/ICHIIUS CHIKEHUSI MAaKCUMAIbHBIX YPOBHEHN BOJIBI CO CKOpOCTHhIO -31 cm/10 e,
B TO BpeMs Kak 11is pek benopycckoro [Toneckst HaOnonaeTcsi He3HAYUTENBHOE CHIKEHUE.
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Hayllele cmamobu

Kirouesnie ciioBa: benopycckoe [Tonecke, benopycckoe [loo3epbe, ypoBeHb BO/bI, TEHAECHIINS,
ACUHXPOHHOCTD.

BEJIOPYC HHOJIECUACHI ) KOHE BEJIOPYC ITIOO3EPUACHI O3EHIEPIHIH
IIEKTI CY JEHT'EUTHIH O3TEPICTEPI

A.A. Boauek!® rr.a., J.A. IlInoka’

'bpecm memnekemmix mexHuxanvlk yHueepcumemi, bpecm ., Berapyco Pecnybnuxacwl
E-mail: volchak@tut.by

benopyc Ilonecusicer sxone benmopyc [loozepusicel e3ennepinin 1946...2015 xx. ke3eHi
OOWBIHIIIA MaKCHUMAJIJbI Cy JACHTEHICPiHIH KalbIITACYBIHBIH CAJBICTBIPMANIBI TaJIaybl
xyprizingi. Conm Mep3iMm imiHae ymr ke3eH 3eprrenai: 1946...1965 xok. — xxanmnait menno-
panusiiay OacTanraHra JeHiHT1 Ke3€H, SFHU €H a3 aHTPOIOTEH/IIK 9Cep €Ty Ke3€H], IapTThI
TabUFu Cy pexuMi peTinae amyra Oomanbl, 1966...1987 #ok. — kanmail Menuopanusiay
ke3eHi, 1988...2015 xok. - Ka3ipri KIMMATTHIK dcepiiep Ke3eHi. O3eHaepIiH IeHIeMITiK pe-
KHUMI1 ©3TepiCiHIH CTOXaCTUKAJIBIK CUTIATHI TYPAJIbl FEUIBIMU €PEekKeIIep KOHE CabICThIpMa-
J6I TeorpaHsITBIK SJIiCi 3epTTEyAiH Heri3riH Kypazasl. benrini 6onrannait, bemapycs [lo-
03epHsICHl ©3CHIEP] YIIIIH OapiIbIK KapaCThIPBUIBIT OTHIPFaH KE3CHIIE CYBIH MAaKCUMAaJIIbI
neHreiinig 10 xxpurga 31 cM KBUIAMIBIKIICH TYPAKThl TOMEH]IEY TCHISHIUSCH OaliKaia-
awl, an benapycs [lonecuscel e3eHnepi yIiH Cy AeHreiiHiH a3/aan TOMEH/Iey1 OaiiKamabl.

Tyiiin ce3aep: benapyce [lonecuscel, benapyce [loo3epusicsl, cy neHreiti, TeHIEHIMS, aCHH-
XPOH/IBUIBIK.
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