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Abstract

The article presents analysis of modern hydrological characteristics of the of Bialowieza Forest rivers’ during the period of instrumental observa-
tions and provides a water regime’s forecast assessment of the research territory. The database of Bialowieza Forest rivers’ hydrological characteristics

was updated with the help of GIS.
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r’MAPONOIrNMYECKUE XAPAKTEPUCTUKN PEK HALMOHANBHOIO NMAPKA «BENOBEXCKASA MYLLA»

A. A. Bonuek, O. I'. CaBuy-LLemer, H. H. WWewko, C. U. Mapdomyk,
H. H. Wnenguk, . H. Qawkesuy, C. B. Cupak, M. ®. KyxapeBuu

Pecpepar

B ctatbe npefcTaBneH aHanu3 COBPEMEHHBIX MAPOSIOMMYECKUX XapaKTEPUCTUK pek BenoBexckon nywm 3a nepuos MHCTPYMEHTaNbHbIX Habnto-
JEHU 1 [aHa NpOorHO3Has OLeHKa BOAHOTO pexuma VICCJ'Ieﬂ,)/EMOVI TeppuTopun. basa AaHHbIX TMAPONOTMYECKNX XapaKTEPUCTUK pek benosexkckoi

nyLm 6bina o6HoBneHa ¢ nomosio MNC.

KntoueBble cnosa: peka, CTOK, ruaponorus, 6asa AaHHbIX, Benosexckas nyLya.

Introduction

The National park «Bialowieza Forest» is located in the eastern part
of the Visla’s river basin, on the catchment area of the rivers Narev and
Lesnaya (Left and Right). The divide between the Baltic and Black Seas
runs near park’s northern and northeastern borders. The tributaries of the
river Neman — rivers Svisloch and Ross - originate not far from the north-
ern vicinity of the forest; the source of Yaselda, a tributary of the river
Pripyat that flows into the river Dnieper, is located at the north-eastern
forest’s vicinity. There is a watershed between the basins of two tributar-
ies of the river Bug - the Left Lesnaya and the Mukhavets - in the south-
eastern limits of the forest [1, 2].

The river Narev that originates in the swamps of the tract «Dikoe» plays
an extremely important role in regulating of the hydrological regime in the
northern part of the forest. In the southern part of the National park, the
main waterways are the rivers Right Lesnaya and Left Lesnaya. The river
Right Lesnaya originates in Poland, flows in a south-easterly direction
through the southern part of the National park and merges with the river Left
Lesnaya on its’ border, forming the Lesnaya River, which flows into the river
Zapadny Bug north of city Brest. The source of the river Left Lesnaya is
located on the territory of the National park («Shereshevskoe forestry).
The river Left Lesnaya flows in a south-easterly direction, then turns to the
southwest and represents the south-eastern border of the National park by
itself. The remaining rivers originate mainly in the territory of the National
park and flow into the rivers Narev, Left Lesnaya and Right Lesnaya.

There are no natural lakes on the territory of the National park. As a
result of hydro-reclamation works carried out in the second half of the

twentieth century, several fairly large artificial reservoirs were created:
Lyadskoe, Khmelevskoe, Sipurka, Pererovnitsa and Colonna.

Water landscapes significantly affect the functioning of the geosys-
tem of Bialowieza Forest, as well as the maintenance of the natural water
and energy balance depends on them. Water landscapes include
swampy massifs, swampy forests and meadows, which affect the for-
mation of runoff of water objects located on the forest's territory.

Rational management of water resources can be implemented only
in case of existence of complete, unified, reliable and timely information
about conditionsl and trends of changes in water ecosystems or their
individual components. Geographic information systems (GIS) are the
systems that provide all levels of water resources management for de-
termining the strategy of environmental management and making opera-
tional decisions [3, 4].

The purpose of current research is to determine the main hydrological
characteristics of the rivers on the territory of National park «Bialowieza
Forest» within the borders of the Republic of Belarus.

Materials and methods

The methodological basis of the research was the scientific provi-
sions on the stochastic nature of river flow, which made it possible to
apply statistical methods of time series analysis. The methods of water
and heat energy balance, mathematical modeling were used. A system
analysis of the accumulated information and a comparative geographical
method made it possible to synthesize and objectively evaluate the pat-
terns of spatial and temporal fluctuations of the water resources on the
territory of the National park «Bialowieza Forest».
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A large number of small rivers and streams flow through the territory
of Bialowieza Forest, but regular hydrological observations are not
enough for an objective assessment of water resources. Therefore, we
used the data of hydrological observations not only on rivers, located on
the territory of the National park, but also in the immediate vicinity, on
which hydrometric observations are conducted or were conducted, such
as: the river Zelvyanka in the observation point of the village Peski, the
river Yaselda in the observation point of the village Horev, the river
Rudavka in the observation point of the village Rudnya, the river Ross in
the observation point of the village Studenets, the river Narev in the ob-
servation point of the village Nemerzha, the river Lesnaya in the observa-
tion point of the village Zamosty. The following hydrological data on water
consumption were used for research: average annual, average monthly,
maximum spring floods, maximum rain floods, summer-autumn and win-
ter low water by observation points for the period from 1946 to 2018
inclusive.

The missing data in the series of observations were restored using
the observation data of analog observation points, taking into account the
presence of synchronicity in the fluctuations of the observation point and
of the point-analog using the software package «Hydrologist — 2» [5, 6].

For these rivers, according to TCP 45-3.04-168-2009, calculated hy-
drological characteristics were determined using analytical distribution
functions of annual exceedance probabilities, in particular the three-
parameter gamma distribution. At the initial stage, the homogeneity of the
series of hydrological observations was assessed on the basis of genetic
and statistical analyses of the initial observation data [7, 8].

According to the series of hydrological observations, the following es-
timates of the parameters of the analytical distribution curves were de-
termined by the highest likelihood method: the average long-term value

Q, the variation factor C. and the ratio of the asymmetry factor to the

variation factor Cs/Cv. Mathematical models in the form of linear trends
were used to assess trends in flow fluctuations. The quantitative
indicators of these changes were estimated by a gradient that is numeri-
cally equal to the regression coefficient (a) multiplied by 10 years,
i.e. a=ax10 years [9].

For rivers were no hydrological observations, regional methods for
calculating hydrological characteristics were used, based on the results of
generalization of hydrometeorological observations in the research area,
taking into account the influence of local factors [7, 8].

The use of regional methods for determining the main hydrological
characteristics provides for the determination of a number of hydrograph-
ic characteristics of catchments: catchment area, km?; length of the river,
km; average height of the catchment, m; average slope of the riverbed,
%; lake cover, forest cover and swampiness of the catchment, %, which
were determined using GIS technologies.

One of the regulatory documents when creating a GIS hydrographic
network is the Directive of the European Parliament and of the Council
establishing a framework for Community action in the field of water policy,
which was adopted in 2000. This document regulates approaches in the
policy of protection, use and management of water resources and is in-
tended to harmonize and unify the approaches of the EU and other Euro-
pean countries to water resources management and protection. The main
objects of any GIS are maps, geographical data and tables.

The framework requires European countries to provide a significant
amount of information in the form of maps (more than 13 layers and 49
data tables). The best form of providing most of the required information
is the form of thematic GIS layers. This is due to the fact that most of the
data should be presented in a spatial context. The implementation of the
framework requires the comparison of geographical data (coordinates of
locations) both for the purpose of preparing water management plans in
the basins, and for the purpose of preparing reports of Basin administra-
tions. In the first case, GIS technology is necessary for the development
of various information layers (for example, the characteristics of basins,
the chemical and ecological state of surface and groundwater).

The GIS of the hydrographic network of the territory of the National
park «Bialowieza Forest» is based on existing cartographic materials. All
digital data was recorded in the GIS database in geographical coordi-
nates. The geodetic mapping system was used by Pulkovo 1942. This
method of recording made it possible to easily transform data into a new

system of plane coordinates, which was necessary for spatial analysis.
The flat coordinates of Pulkovo 1942 GK Zona 5N were used with the
purpose to form a general map of the entire natural-territorial complex
Bialowieza Forest.

GIS of the hydrographic network of the natural-territorial complex Bi-
alowieza Forest was created as a result of processing graphic materials,
and GIS contains the following main layers:

+ linear layer of rivers;

+ linear channel layer;

+  polygonal layer of reservoirs;

+ polygonal layer of catchments.

As additional layers, GIS contains:

polygonal and raster layers of swamps;

polygonal layer and raster layers of forest cover;

raster layer of reservoirs;

linear layer of the border of the National park «Bialowieza Forest;

chiseled layers of the location of the points of the sources and estu-

aries;

+ rasters of digital terrain models, topographic plans and satellite im-
ages;

+ tables.

The linear layer of rivers includes 117 objects with a total length of
more than 942 km, of which 53 objects are represented by rivers, and the
rest are tributaries, meanders and other objects. As attribute information,
this layer contains information about the name of the water body, its en-
coding, and geometric parameters. Additional connected attribute infor-
mation contains information about the average slope along the length of
the object.

The linear channel layer contains 2,270 objects with a total length of
2,168 km. The channel layer contains information about the encoding of
objects, as well as information about geometric parameters.

The polygonal layer of reservoirs is represented by 49 objects with a
total area of 11.6 km2. The layer contains information about the type of
water body, its encoding and geometric parameters. Of the 49 objects, 46
objects are encoded. As an addition, the polygon layer is duplicated as a
bitmap image.

The polygonal layer of catchments includes 49 objects. As attribute
information, there are names of catchments, their geometric dimensions,
information about the degree of lake cover, forest cover and swampiness
of the catchment. As a connected additional information, the layer con-
tains information about the areas of forests, reservoirs and swamps for
each catchment.

Polygonal and raster layers of swamps and forest vegetation provide
visual information about the degree of forest cover and swampiness of
the National park «Bialowieza Forest» and adjacent territories.

The linear layer of the border of the National park «Bialowieza For-
est» is demonstrative and contains only information about its length,
which is 568 km.

The point layers of the sources and estuaries of rivers display, re-
spectively, the location of the sources and estuaries of 53 and 49 rivers.
The layers contain information about belonging to the river and coordi-
nates in the form of latitude and longitude. The river source layer contains
information about the height of the river source point as additional con-
nected information.

The raster of the digital relief model presents visual and digital infor-
mation about the heights of the territory of the National park «Bialowieza
Forest» and adjacent territories for 2006 — 2008 in the form of a set of
pixels with a dimension of 12.5x12.5 m.

Topographic plans and satellite images carry only visual information
about the territory of the National park «Bialowieza Forest» and adjacent
territories.

The tables are presented with attribute information about the height
of the sources of rivers, the average slope of rivers, the areas occupied
by forest vegetation, swamps and reservoirs. These tables act as addi-
tional connected information for some layers.

The ArcGIS tools are used to calculate the proportions of forested,
watered, and swampy catchments. The calculation algorithm is common
for all 3 parameters and is shown in Figure 1.
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Figure 1 - Algorithm for calculating the proportions of forest
cover, waterlogging and waterlogging of catchments

As initial rasters, previously created rasters of forest vegetation, res-
ervoirs and swamps within the catchments of rivers of the National park
«Bialowieza Forest» are used (Figure 2).

The Zonal Statistics as a Table tool was used to calculate the num-
ber of pixels of forests, swamps and reservoirs within catchments. River
catchments act as a working area.

After creating tables with the calculated number of pixels of swamps,
reservoirs and forests, the areas within the catchments were calculated.
Knowing the pixel size — 5x5 m using the Field Calculator tool, the areas
occupied by these parameters were calculated.

Knowing the size of the catchment areas, using the Field Calculator
tool, the degrees of forest cover, waterlogging and swampiness of the
catchment areas of water objects were calculated.

Figure 2 - Rasters of swamps, forest vegetation
and reservoirs of the National park «Bialowieza Forest»

Results and discussion

The chronological course of maximum spring flood runoff, maximum
rain flood runoff, minimum summer-autumn runoff, minimum winter runoff
for the rivers Yaselda, Rudovka, Ross, Narev, Lesnaya, Zelvyanka,
where regular hydrological observations are conducted, as well as their
trends are presented in Figure 3.

The chronological course of annual runoff is represented in Figure 4.
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Figure 3 — Chronological course of various types of runoff of the Lesnaya river in the observation point of the village Zamosty
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Figure 4 — Chronological course of annual runoff of the Lesnaya river in the observation point of the village Zamosty

The analysis of the obtained results showed that for all rivers, there
isa decrease in the flow of maximum spring flood runoff (power trend —
19,5%) and maximum runoff of rain floods (power trend — 20,8%) and an
increase in the flow of minimum winter runoff (power trend - 12,2%).
Minimum summer-autumn runoff has the behavior of a time series the
same as annual runoff.

The consumption in winter has increased, due to milder winters, the
presence of frequent thaws and sufficient humidification of the territory.
Firstly, it increased due to a decrease in the accumulation of groundwater
in the ice in the aeration zone during the migration of unfrozen moisture
to the freezing front. Secondly, the losses of underground river supply to

the formation of ice formations have decreased: river ice, ice, seasonal
underground ice. Thirdly, with a decrease in the thickness of the ice in the
rivers, the carrying capacity of the channels increases. Fourth, with a
decrease in soil freezing, their air permeability increases. With a freer
penetration of air into the aeration zone over groundwater in winter, a
lower pressure is not created than in the atmosphere, and groundwater is
freely discharged into rivers.

Table 1 shows the average long-term values of annual runoff water
consumption, maximum spring flood runoff, maximum rain flood runoff,
minimum summer-autumn runoff, minimum winter runoff for the rivers
Yaselda, Rudavka, Ross, Narev, Lesnaya, Zelvyanka for the estimated
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period from 1946 to 2018, as well as factors of variation and parameters
of linear trends of flow changes.

Using the three-parameter gamma distribution method, the annual
water consumption characteristic of a very high-water year (5% security)
and a very low-water year (95% security), as well as for the maximum
water consumption of the spring flood, the maximum water consumption
of rain floods, the minimum expenses of summer-autumn and winter
autumn were determined (Table 2).

The calculation of the average monthly water consumption of the Bi-
alowieza Forest's rivers on which regular hydrometric observations of a
very high-water year (P=5%), an average water content year (P=50%)
and a very low-water year (P=95%) are conducted is presented in Table 3.

For rivers where regular hydrological observations are not conduct-
ed, distribution parameters and calculated values were determined using
a set of methods, namely: water balance; hydrological analogy; averaging
in a homogeneous area; construction of contour maps, etc. [7, 8].

The calculation of the average annual water consumption of the rivers of
the National park «Bialowieza Forest», as well as the annual expenses of very
high-water and very low-water years are presented in Table 4.

The calculation of the average monthly water consumption of the riv-
ers of Belovezhskaya Pushcha on which there are no regular hydrometric
observations for the security of 5, 50, 95% is presented in Table 5.

Table 1 - Main hydrological characteristics of the rivers of the National park «Bialowieza Forest»

River Observation point Runoff type Norm, m¥/sec Variation Facior correlation nggqlgr;/téars
Annual 9.18 0.23 0.01 -0.09
Spring flood 62.5 0.90 0.02 -12.83
Zelvyanka Peski Rain flood 14.3 0.52 0.16 -0.31
Summer-autumn 3.28 0.44 0.33 0.01
Winter 4.26 0.33 0.22 0.21
Annual 8.16 0.29 0.20 -0.17
Spring flood 48.4 0.82 0.20 -8.85
Lesnaya Zamosty Rain flood 15.7 0.72 0.24 242
Summer-autumn 2.18 0.50 0.49 0.13
Winter 3.66 047 -0.02 0.28
Annual 1.33 0.51 0.14 -0.04
Spring flood 12.4 1.02 -0.04 -2.60
Narev Nemerzha Rain flood 2.64 0.64 0.23 -0.08
Summer-autumn 0.17 0.83 0.11 -0.02
Winter 0.33 0.72 0.07 0.02
Annual 4.91 0.18 0.09 -0.06
Spring flood 36.9 1.20 -0.13 -9.79
Ross Studenets Rain flood 6.00 0.40 0.13 0.10
Summer-autumn 2.82 0.23 0.38 -0.05
Winter 3.22 0.27 0.25 0.13
Annual 0.645 0.35 0.18 -0.01
Spring flood 4.53 0.49 0.18 -0.55
Rudavka Rudnya Rain flood 2,07 0.73 0.12 -0.25
Summer-autumn 0.100 0.87 0.10 0.01
Winter 0.174 0.70 -0.01 0.02
Annual 3.15 0.34 0.12 -0.10
Spring flood 11.8 0.53 0.13 -1.47
Yaselda Horev Rain flood 5.23 0.28 0.19 -0.06
Summer-autumn 0.755 0.52 0.48 -0.01
Winter 1.75 0.50 0.53 0.27
Table 2 - Water consumption of rivers of the National park «Bialowieza Forest» in very high and very low-water years, m3/sec
Year dryness Runoff type
" Annual | Spring flood | Summer-autumn | Winter | Rain flood
river Zelvyanka — Peski
P=5% 13.3 187 6.06 7.27 33.6
P=95 % 7.06 213 1.31 1.98 7.87
river Lesnaya — Zamosty
P=5% 12.8 127 39 7.18 37.3
P=95 % 5.21 10.5 0.663 1.53 4.63
river Narev — Nemerzha
P=5% 2.52 239 0.522 0.98 7.74
P=95 % 0.716 1.98 0.011 0.088 0.613
river Ross — Studenets
P=5% 5.95 744 3.79 4.97 8.7
P=95 % 410 2.92 1.83 2.65 4.65
river Rudavka — Rudnya
P=5% 1.35 9.69 0.37 0.599 6.54
P=95 % 0.37 2.57 0.00 0.024 0.623
river Yaselda — Horev
P=5% 4.74 20.8 2.02 3.64 10.5
P=95 % 2.35 6.27 0.481 1.00 3.31
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Table 3 — Annual distribution of the runoff of the Bialowieza Forest's rivers for years of different security (in % of the annual runoff)

o Spring Summer-autumn Winter
Year dryness, % M TV [ V] 3 [ W[ [vm] X ]| X I X 3 [ X[ T ] T3
river Zelvyanka — Peski
5 578 | 249 | 9.25 40 559 | 746 | 445 | 548 | 658 | 816 | 37.7 | 656 | 536 | 104 | 223
50 202 | 121 | 743 | 398 | 7.13 5.7 4.7 575 | 646 | 7.88 | 376 | 7.39 | 921 | 599 | 226
95 181 | 132 | 101 | 414 | 694 | 576 | 492 | 526 | 658 | 7.81 | 373 | 912 | 6.54 5.7 214
river Lesnaya — Zamosty
5 187 | 895 | 539 | 331 | 843 | 565 | 3.89 | 477 | 843 | 111 | 423 | 531 | 7.32 12 24.7
50 20 144 | 829 | 427 | 767 | 507 | 332 | 387 | 501 | 625 | 312 | 848 | 116 | 6.04 | 26.1
95 233 | 16.3 | 109 | 505 | 4.80 | 3.32 | 246 2.8 411 | 6.03 | 236 | 104 | 711 | 835 | 259
river Narev — Nemerzha
5 10.6 20 4.02 | 346 | 277 6.9 453 | 448 | 111 15 447 | 355 | 106 | 6.52 | 20.7
50 268 | 19.7 9 555 | 4.33 29 151 | 156 | 273 | 473 | 178 | 826 | 136 | 4.82 | 26.7
95 362 | 246 | 116 | 724 1.6 075 | 042 | 046 | 081 | 135 54 4.9 101 | 719 | 222
river Ross — Studenets
5 14.2 9.3 6.76 | 30.2 | 6.69 7.9 583 | 809 | 7.04 | 753 | 431 | 882 | 7.85 10 26.7
50 124 | 102 | 823 | 308 | 768 | 696 | 591 | 6.71 | 758 | 834 | 432 | 8.68 | 7.62 9.7 26
95 11.8 | 9.83 8.3 299 | 736 | 551 | 625 | 6.04 | 7.98 | 959 | 427 | 105 | 881 | 8.04 | 273
river Rudavka — Rudnya
5 127 | 6.97 | 381 | 234 | 3.08 | 6.32 | 10.7 | 493 | 924 | 159 | 502 | 7.58 [ 14.1 4.7 26.4
50 833 | 327 | 184 | 594 | 6.81 | 239 | 1.41 22 359 | 572 | 221 | 547 | 976 | 319 | 184
95 244 | 493 | 113 85 1.36 | 059 | 028 | 026 | 059 | 122 | 429 | 583 2.7 218 | 10.7
river Yaselda — Horev
5 499 | 7.06 | 353 | 156 | 105 | 842 | 617 | 7.33 | 101 12 545 | 965 | 127 | 748 | 29.9
50 8.78 | 171 121 | 38.1 6.9 524 | 437 | 499 | 622 | 732 35 861 | 115 6.8 26.9
95 215 | 149 | 118 | 482 | 546 | 352 | 282 | 326 | 475 | 6.02 | 259 | 852 | 10.7 | 6.72 | 259
Table 4 — Characteristics of the Bialowieza Forest's rivers
Catchment Runoff norm Water runoff dryness, %
River degree of forest . ' i
square, km? gcover, o swampiness, % m3/c P P35,
Belaya 273.3 23.1 2.1 1.10 1.91 0.507
Berezovka 24.7 21.2 - 0.077 0.126 0.039
Vishnya 434 7.7 3.0 0.126 0.231 0.051
Gvozna 94.0 93.1 24.1 0.384 0.647 0.185
Gitka 13.3 99.5 1.8 0.038 0.065 0.018
Guricinka 9.6 56.3 2.7 0.039 0.061 0.021
Drunyuvka 404 69.1 14.8 0.143 0.241 0.069
Yelenka 12.3 95.3 14.6 0.042 0.071 0.021
Zlota 6.4 40.3 4.0 0.018 0.031 0.009
Zubrica 14.6 915 10.3 0.044 0.076 0.021
Kalinovets 7.2 99.3 53 0.021 0.037 0.009
Kolonna 93.8 52.0 15.4 0.478 0.771 0.247
Krapivnica 39.1 434 2.8 0.137 0.227 0.068
Kulevka 9.9 96.6 18.8 0.034 0.058 0.017
Left Lesnaya 435.0 54.3 6.0 1.48 2.61 0.646
Right Lesnaya 409.6 63.2 8.0 1.57 2.74 0.705
Lomovka 173 57.8 1.6 0.061 0.099 0.031
Loshanka 35.9 194 0.0 0.126 0,207 0,064
Luzhaika 474 19,4 17,1 0,113 0,206 0,046
Lutovka 82,5 92,0 73 0,316 0,542 0,147
Medyanka 57,8 60,1 17,6 0,276 0,469 0,130
Muravka 58 31,9 43 0,018 0,031 0,008
Narevka 468,5 60,1 8,7 1,98 3,33 0,959
Nemerzhanka 3438 98,2 253 0,116 0,198 0,055
Ol'hovka 16,6 30,1 773 0,068 0,114 0,033
Orluvka 18,7 98,8 242 0,066 0,110 0,033
Perevoloka 33,2 96,6 17,0 0,098 0,167 0,047
Peredelka 178 178 0,056 0,093 0,028
Pesec 9,0 95,7 44 0,035 0,059 0,017
Plyuskovka 96,8 97,2 22,1 0,332 0,595 0,137
Poboika 13,5 914 11,4 0,047 0,079 0,023
Polichna 126,7 66,9 40 0,528 0,898 0,249
Poperechnaya 571 8,8 04 0,186 0,332 0,078
Pchelka 37,9 64,9 15,8 0,152 0,247 0,076
Sipurka 67,3 279 2,0 0,193 0,327 0,091
Solomenka 84,8 91,9 23,2 0,193 0,327 0,091
Stanock 19,2 94,3 54 0,056 0,098 0,025
Tochnica 38,3 20,5 0,2 0,133 0,240 0,056
Tushemlyanka 26,8 64,9 27,9 0,095 0,159 0,046
Horovka 21,0 50,9 1,0 0,074 0,116 0,039
Schiba 124,7 44,3 29 0,652 1,03 0,353
Yamenka 40,3 98,4 16,0 0,119 0,203 0,056
Yatvez 55,0 29,1 0,186 0,305 0,098
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Table 5 - Annual distribution of the runoff of the Bialowieza Forest's rivers for years of different dryness (in % of the annual runoff)

o Spring Summer-autumn Winter
Yeardyness.% TV [ V [ T [ W [ VI [VII] X | X [ X [ 5 [ X[ T [T ]z
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
river Guricinka
5 234 | 74 4.2 35 8.7 4.9 6.1 37 84 12.8 | 446 11 55 39 | 204
50 305 | 97 55 | 457 | 6.6 3.8 4.7 2.8 6.5 98 | 342 | 108 | 54 3.9 | 20.1
95 395 |1 125 | 741 59.1 4.3 2.4 3 1.8 4.2 6.3 22 102 | 541 3.6 18.9
river Pesec
5 226 | 92 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 3.3 | 228
50 311 | 127 | 53 | 49.1 7 4.1 24 1.1 4.3 82 | 271 | 144 6 34 | 238
95 355 | 144 | 6.1 56 54 3.2 1.9 0.8 3.3 6.4 21 14 5.7 3.3 23
river Schiba
5 23 7.9 42 | 351 | 872 | 488 | 6.07 | 3.7 | 838 | 128 | 445 11 55 | 391 | 204
50 30 102 | 55 | 457 | 663 | 382 | 472 | 283 | 6.46 | 976 | 342 | 10.8 | 542 | 3.92 | 201
95 388 | 129 | 72 | 589 | 433 | 244 | 303 | 184 | 42 | 629 | 221 | 10.2 | 514 | 3.65 19
river Medyanka
5 42 107 | 3.7 | 564 | 259 | 186 | 545 | 6.71 | 479 | 6.8 | 282 | 496 | 234 | 811 | 154
50 40.3 | 201 | 884 | 69.3 | 392 | 232 | 17 199 | 32 | 529 | 184 | 542 | 3141 | 377 | 123
95 498 | 276 | 8.59 86 161 [ 091 [ 070 | 079 | 111 | 181 | 694 | 39 | 191 13 | 7.1
river Perevoloka
5 226 | 9.2 39 | 357 | 107 | 63 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 | 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Solomenka
5 226 | 92 39 | 357 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 3.3 | 228
50 311 | 127 | 53 | 491 7 4.1 24 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 13.1 54 3.1 21.6
river Tochnica
5 222 | 937 | 44 34 105 | 6.2 | 383 18 | 653 | 125 | 414 | 136 | 5.83 | 355 | 229
50 30.5 | 129 | 5.56 49 6.9 | 407 | 252 | 123 | 43 | 825 | 273 14 6.07 | 3.63 | 23.7
95 411 | 173 | 743 | 659 | 317 | 193 | 12 | 058 | 1.97 | 385 | 127 | 127 | 545 | 328 | 215
river Polichna
5 225 1 924 | 394 | 353 | 10.7 | 6.28 | 3.73 | 164 | 6.59 | 126 | 415 | 138 | 573 | 3.35 | 228
50 31 12.7 | 536 | 491 | 698 | 409 | 242 | 113 | 43 | 821 | 271 | 143 | 6.01 | 345 | 238
95 418 | 171 | 717 | 661 | 311 | 191 | 112 ] 052 | 1.91 | 3.73 | 123 13 541 | 314 | 21,6
river Sipurka
5 226 | 9.2 39 | 357 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 | 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Right Lesnaya
5 218 | 955 | 432 | 322 | 102 | 6.09 | 398 | 202 | 646 | 124 | 412 | 133 | 598 | 3.82 | 231
50 209 | 131 | 585 | 489 | 6.79 | 4.03 | 264 | 1.38 | 4.3 83 | 274 | 136 | 614 | 3.89 | 237
95 402 | 175 | 7.79 | 655 | 324 | 197 | 131 | 067 | 204 | 401 | 132 | 123 | 55 | 348 | 21.3
river Belaya
5 222 | 94 | 414 | 337 | 104 | 618 | 3.86 | 1.84 | 652 | 125 | 413 | 135 | 586 | 36 23
50 304 | 129 | 5.63 49 6.88 | 4.06 | 254 | 126 | 43 | 826 | 27.3 14 6.08 | 3.68 | 23.7
95 40.9 | 17.3 | 751 | 658 | 318 | 194 | 122 | 0.60 | 1.98 | 3.88 | 12.8 | 126 | 546 | 3.32 | 214
river Left Lesnaya
5 219 | 953 | 429 | 324 | 102 | 6.1 396 | 1.99 | 647 | 124 | 412 | 133 | 596 | 3.79 | 231
50 30 131 | 582 | 489 | 6.8 | 403 | 263 | 1.36 | 4.3 83 | 274 | 137 | 613 | 3.86 | 237
95 403 | 175 | 775 | 655 | 323 | 197 | 13 | 066 | 203 | 399 | 132 | 124 | 55 | 346 | 21.3
river Krapivnica
5 234 | 74 4.2 35 8.7 4.9 6.1 3.7 8.4 12.8 | 44.6 11 55 39 | 204
50 305 | 97 55 | 457 | 6.6 3.8 4.7 2.8 6.5 98 | 342 | 108 | 54 3.9 | 20.1
95 395 |1 125 | 741 59.1 4.3 2.4 3 1.8 4.2 6.3 22 102 | 541 3.6 18.9
river Kolonna
5 225 | 924 | 395 | 353 | 106 | 6.27 | 3.74 | 165 | 658 | 126 | 415 | 13.7 | 574 | 3.37 | 228
50 309 | 128 | 537 | 491 | 6.97 | 4.09 | 243 | 114 | 43 | 821 | 271 | 143 | 6.02 | 346 | 238
95 418 | 172 | 719 | 661 | 312 | 191 | 113 | 052 | 192 | 3.74 | 123 13 541 | 315 | 216
river Poboika
5 226 | 92 39 | 357 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 3.3 | 228
50 311 | 127 | 53 | 491 7 4.1 24 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 171 71 66.2 | 3.1 1.9 1.1 0.5 1.9 37 12.2 | 13.1 54 31 21.6
river Pchelka
5 226 | 92 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 | 127 | 53 | 49.1 7 4.1 24 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 171 71 662 | 3.1 1.9 1.1 0.5 1.9 37 12.2 | 13.1 54 3.1 21.6
river Lomovka
5 234 | 74 4.2 35 8.7 4.9 6.1 3.7 8.4 12.8 | 44.6 11 55 39 | 204
50 305 | 97 55 | 457 | 6.6 3.8 4.7 2.8 6.5 98 | 342 | 108 | 54 3.9 | 20.1
95 395 1125 | 741 59.1 4.3 2.4 3 1.8 4.2 6.3 22 102 | 541 3.6 18.9
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1 2 3 4 5 1 6 [ 7 1 8 1] 9 [10 [ 1M J[12 7137147115716
river Kulevka
5 226 | 92 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 1 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Drunyuvka
5 226 | 92 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 3.3 | 228
50 31 | 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 2711 | 144 6 34 | 238
95 42 171 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 5.4 3.1 21.6
river Horovka
5 234 | 74 4.2 35 8.7 4.9 6.1 3.7 8.4 12.8 | 44.6 11 55 39 | 204
50 305 | 97 55 | 457 | 6.6 3.8 4.7 2.8 6.5 98 | 342 | 108 | 54 3.9 | 20.1
95 395 125 | 71 59.1 4.3 2.4 3 1.8 4.2 6.3 22 10.2 | 541 3.6 18.9
river Tushemlyanka
5 226 | 92 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 ] 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Nemerzhanka
5 226 | 92 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 3.3 | 228
50 3N 127 | 53 | 4941 7 4.1 2.4 1.1 4.3 82 | 2711 | 144 6 34 | 238
95 42 171 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 37 12.2 | 131 54 3.1 21.6
river Orluvka
5 226 | 9.2 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 |1 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 37 12.2 | 131 54 3.1 21.6
river Gvozna
5 226 | 92 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 ] 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Zlota
5 226 | 9.2 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 5.7 33 | 228
50 31127 | 53 | 4941 7 4.1 2.4 1.1 4.3 82 | 2711 | 144 6 34 | 238
95 42 171 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Lutovka
5 226 | 9.2 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 ] 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 37 12.2 | 131 54 3.1 21.6
river Yelenka
5 226 | 92 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 1 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Poperechna
5 226 | 9.2 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 5.7 33 | 228
50 3N 127 | 53 | 4941 7 4.1 2.4 1.1 4.3 82 | 2711 | 144 6 34 | 238
95 42 171 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 37 12.2 | 131 5.4 3.1 21.6
river Narevka
5 222 |1 938 | 412 | 339 | 104 | 619 | 385 | 1.82 | 653 | 125 | 413 | 135 | 585 | 3.57 23
50 305 | 129 | 559 49 6.89 | 4.06 | 253 | 125 | 43 | 825 | 273 14 6.07 | 3.66 | 23.7
95 41 173 | 746 | 658 | 317 | 194 | 121 | 059 | 197 | 386 | 127 | 127 | 545 | 33 | 214
river Yamenka
5 226 | 92 39 | 37 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 |1 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Poperechna
5 226 | 9.2 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 31 127 | 53 | 4941 7 4.1 2.4 1.1 4.3 82 | 2711 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 13.1 54 3.1 21.6
river Muravka
5 226 | 9.2 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 ] 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 13.1 54 3.1 21.6
river Zubrica
5 226 | 92 39 | 37 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 |1 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Gitka
5 226 | 9.2 39 | 3.7 | 107 | 63 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 31 127 | 53 | 4941 7 4.1 2.4 1.1 4.3 82 | 2711 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 13.1 54 3.1 21.6
river Luzhaika
5 226 | 9.2 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 ] 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 | 3.1 1.9 1.1 0.5 1.9 37 12.2 | 13.1 54 3.1 21.6
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1 | 2 1 3 ] 41571 6 ] 71 81 9 0 [ 11 ] 12 ] 13 ] 14 ] 15 | 16
river Kalinovets
5 226 | 92 39 | 3.7 | 107 | 6.3 37 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 | 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 2711 | 144 6 34 | 238
95 42 17.1 7.1 66.2 3.1 1.9 1.1 0.5 1.9 37 12.2 | 131 5.4 3.1 21.6
river Plyuskovka
5 226 | 9.2 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 ] 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Stanock
5 226 | 9.2 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 | 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Vishnya
5 226 | 92 39 | 357 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 3.3 | 228
50 31 127 | 53 | 4941 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 13.1 54 3.1 21.6
river Yatvez
5 234 | 74 4.2 35 8.7 4.9 6.1 3.7 8.4 128 | 446 11 55 39 | 204
50 305 | 97 55 | 457 | 6.6 3.8 4.7 2.8 6.5 98 | 342 | 108 | 54 3.9 | 20.1
95 395 | 125 | 71 59.1 4.3 2.4 3 1.8 4.2 6.3 22 10.2 | 541 3.6 18.9
river Loshanka
5 234 | 74 4.2 35 8.7 4.9 6.1 3.7 8.4 12.8 | 44.6 11 55 39 | 204
50 305 | 97 55 | 457 | 6.6 3.8 4.7 2.8 6.5 98 | 342 | 108 | 54 3.9 | 20.1
95 395 1125 | 741 59.1 4.3 2.4 3 1.8 4.2 6.3 22 102 | 541 3.6 18.9
river Berezovka
5 226 | 9.2 39 | 3.7 | 107 | 6.3 3.7 1.6 6.6 126 | 415 | 138 | 57 33 | 228
50 311 | 127 | 53 | 491 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 131 54 3.1 21.6
river Peredelka
5 226 | 92 39 | 357 | 107 | 6.3 3.7 6 6.6 126 | 415 | 138 | 57 3.3 | 228
50 31127 | 53 | 4941 7 4.1 2.4 1.1 4.3 82 | 271 | 144 6 34 | 238
95 42 17.1 7.1 66.2 3.1 1.9 1.1 0.5 1.9 3.7 12.2 | 13.1 54 3.1 21.6
Conclusion References

The analysis of the database of hydrological observations of the flow
of the Bialowieza Forest's rivers for various types (average annual, aver-
age monthly, spring floods, rain floods, summer-autumn and winter low
water) for the current closed hydrometric posts for the period of instrumental
observations up to and including 2018. In the course of the conducted stud-
ies, the missed water flow rates were restored, the series of observations
were brought to a single calculation period from 1946 to 2018, and an
assessment for uniformity was performed. The formed hydrological base
allows solving a number of hydrological, ecological and water management
tasks for the rivers of the National park «Bialowieza Forest».

During the research, hydrographic information on the rivers of the
National park «Bialowieza Forest» was updated using GIS technologies,
including the catchment area, river length, catchment slope, forest cover
and swampiness of the territory in absolute and relative terms, and other
parameters. This made it possible to estimate the flow of rivers for differ-
ent water years.

The analysis of river flow fluctuations during the period of instrumen-
tal observations showed a slight change in the decrease in the average
annual river flow. At the same time, there is a decrease in spring flood
runoff and an increase in winter runoff on all rivers. The average long-
term runoff of rain floods tends to some slight decrease, and the runoff of
the summer—autumn fall, on the contrary, to a slight increase for most of
the rivers studied.
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