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GIS TECHNOLOGIES APPLICATION FOR ANALYSIS OF THE TOPOGRAPHIC MAP
SCALE EFFECT ON HYDROLOGICAL CHARACTERISTICS OF THE SIVERSKYI
DONETS RIVER NETWORK

Nowadays, GIS Technologies are used in many areas of human life, both in everyday life and scientific research. The
purpose of the presented study is to identify the relationship between the scale of topographic maps and the main hydro-
graphic characteristics of the river based on the data of observations in the Siverskyi Donets basin. The study is based on
the results of the identification of the hydrographic network, which was performed based on the Open Street Map in the
GIS environment of the QGIS program using the method of A. N. Straller and I. N. Hartzman. The process of identi-
fying, describing, and analyzing subcontracted connections consists in assigning its identification order to each element
of the river network, which makes it possible to compare and standardize streams. Operating with a hierarchical “tree” of
the channel network, the main characteristic of which is the number of elementary, unbranched streams, it is possible to
identify and analytically describe the dependencies between the detailing of the map and the main characteristics of the
river network structures, such as water discharges, network density, drainage basin area, and river length. The basis for
describing these relationships was the method of B. V. Kindiuk, who introduced the concept of the coefficient of the river
network structure or the fractional order of the stream as a basis for approximating the above-mentioned dependencies,
which allows mathematically describing the obtained functions and obtaining numerical values of empirical parameters.
Using QGIS made it possible to create maps of the Siverskyi Donets hydrographic network within Ukraine based on
maps of scales 1:50 000 and 1:200 000. With their help, as well as data from a 1:100 000 map, the number of elementary
unbranched watercourses was calculated, and each element of the system was identified, where the order of the main
river changes depending on the map scale. The change in these indicators shows a tendency to increase the density and
complexity of the river network with increasing map detail, and, as a result, potential changes in indicators of the catch-
ment area, water runoff, and river length. The identified dependencies were expressed mathematically in the form of
functions, and are also characterized by high values of the approximation reliability coefficient, which made it possible
to construct a general transitional graph from the order of the water flow to the scale of the map with the corresponding
values of the calculation parameters. The novelty and practical significance lie in the fact that the use of modern GIS
technologies in hydrological science significantly increases the quality of cartographic data and concerning the studied
object — the Siverskyi Donets River creates a database in the form of digital maps for further use in hydrographic studies.
This sub-basin has not been previously studied using the methodology proposed by B. V. Kindiuk about the influence of
map scales on the characteristics of the river network structure. Such study from a practical point of view, can signifi-
cantly help the work of engineers, researchers, and designers with cartographic data. This study is designed to explain
the peculiarities in the scaling of river networks and propose a mechanism for a scientifically based transition from the
existing map scale to the desired one within the Siverskyi Donets sub-basin.

Key words: QGIS, hydrographic network, stream order, hydrological characteristics, map scale.

Introduction GIS Technologies and their applications represent a
modern cartographic tool designed to wupdate
hydrological data for the needs of designers and
researchers. The electronic maps also can have
different scales that reflect real objects on the
observation. A large amount of data has been accu- ground, including hydrographic ones, in different
mulated, including paper cartographic data, which  detail. According to the current regulatory requi-
may be less comfortable for practical use. Therefore, rements of Ukraine [Regulations, 1999], state

The Siverskyi Donets sub-basin within the state
border is the main waterway in the eastern region of
Ukraine with more than a century of hydrological
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topographic maps at 1:50 000, 1:100 000, and
1:200 000 scales usually only show rivers with a
length of 1 cm or more at the map scale, while
watercourses of shorter lengths are not shown. Thus,
1:50 000 scale maps typically show all more or less
distinct watercourses longer than 0.5 km, 1:100 000
scale maps show watercourses longer than 1 km, and
1:200 000 scale maps show watercourses longer than
2 km. The less detailed map simplifies the structure
of the river network, and therefore in the practical
use of such map scales some difficulties may arise
due to the discrepancy between the real charac-
teristics of the river and their calculated value. This
problem was identified by Professor, Doctor of
Geographical Sciences B. V. Kindiuk in his studies
of mountain rivers in western Ukraine, studying the
impact of map scale on the characteristics of the
hydrographic network of the Rika River [Kindiuk,
2003b). The study of the rivers of the Siverskyi
Donets sub-basin was conducted by O. Biriukov,
who focused on the rivers of the Kharkiv region
[Biriukov, 2012, 2016].

Analysis of recent research and publications.
A retrospective analysis of studies of certain mor-
phometric characteristics of the river network and
the number of rivers in Ukraine (including depen-
ding on the scale of topographic maps) and the
application of the EU Water Framework Directive
river typology at the present stage is devoted to the
work of scientists V. V. Grebin and V. V. Khil-
chevskyi [Grebin, Khilchevskyi, 2016].
related to the use of remote sensing and GIS data
instead of outdated topographic maps at 1:100 000
and 1:50 000 scales, etc. in studies of the state of
small southern Ukraine have been
repeatedly considered in publications by scientists of
Odesa State Environmental University [Hryb et al.,
2019; Loboda et al., 2020; Hryb et al., 2021]. An
analytical review of current research by foreign
scientists has shown that this topic is relevant in the
world. For example, Canadian scientists [Lindsay et
al., 2019], as a result of a study of the river system in
the Lake Ontario and Lake Erie region, proposed a
new vector method for analyzing the hydrographic
network to organize watercourses, designate basins,
and identify the main watercourses and their
tributaries. Using the example of Kosovo’s rivers,
the authors of [Hazir S. Cadraku, 2022] showed that
the use of GIS methods, digital elevation models
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rivers in

(DEMs), raster geoprocessing tools, and software
such as ArcMap is a quick and simultaneous solution
for assessing, measuring, and analyzing the morpho-
metric parameters of river basins. Romanian scien-
tists [Raduca et al., 2021] at one stage of their study
of the evolution of the Blahnica River in the context
of anthropogenic interventions, such as the const-
ruction of an irrigation system, ponds, earthen dams,
and channelization, used digital data obtained from
the analysis of cartographic documents. This sig-
nificantly contributed to the identification of the
hydrographic network for the period under consi-
deration (1978-2020). The importance of determi-
ning the order of watercourses for topographic
modeling of the Indonesian surface is shown in the
work of Indonesian scientists “Stream order selec-
tion for model generalization of the topographic map
of Indonesia” [Fahrul Hidayat et al., 2020]. The
authors of this study compared the methods of river
network identification proposed by Strahler [Strah-
ler, 1957], Shreve [Shreve, 1966], Scheidegger
[Scheidegger, 1966] and Drwal [Drwal, 1982] and
gave preference to the Scheidecker’s method.

The purpose of this study is to provide and
improve the scientific and methodological basis for
project engineers working with the hydrographic
network, using the example of the Siverskyi Donets,
who do not always have the technical capabilities to
study each watercourse of this system to make
practical decisions. The objective of the study is to
analyze the influence of the map scale on the
quantitative characteristics of the river network
structure of the Siverskyi Donets using data from
field hydrological observations and identification
from the geoinformation system QGIS.

Research Methodology

The identification of the river network is based
on the method proposed by A. N. Straller and
I. N. Gartsman, the essence of which is that an
elementary unbranched watercourse receives the
order P1, merging single-order elements increase the
order of the resulting watercourse by one step.
However, if a stream of a higher order merges with a
stream of a lower water flow order, then the order
value does not increase and remains unchanged until
the single-order element falls. With this method of
identification, the most powerful river will have the
highest order value, and the system as a whole is
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subject to standardization and comparison of
elements among themselves. In this study, bonneting
is performed using maps of different scales, namely,
itis 1:50 000, 1:100 000, and 1:200 000. The process
involves creating a map of the hydrographic network
in a hierarchical “tree” format, with all the mapped
watercourses of the system, considering subcontrac-
ting relationships. This study also provides for
mapping hydrological stations to operate individual
elements of the overall catchment.

To introduce GIS Technologies into hydrological
science, the above mapping schemes were created
using digitization tools in the QGIS program, and
tools for working with GPS coordinates were used to
map the location of hydrological stations [Chaskovs-
kyi et al., 2021].

Identification of the hydrographic network
involves not only ranking the system elements in
order but also counting the number of watercourses
within each water intake area bounded by a
hydrological station.

However, the chosen method of identification has
a drawback, which is that the orders of watercourses
are integers, which complicates their application and
analytical description because in this case, rivers that
differ in many characteristics and cannot be objecti-
vely compared fall into one category of waterco-
urses. Therefore, following the amendments made
by R. L. Shreve and I. N. Gartzman, to avoid a large
share of generalization in the comparison of water-
courses, and, as a result, to increase objectification, a
metric step in the form of the number of elementary
watercourses S; was introduced since this charac-
teristic most eloquently describes the complexity of
the system.

Using this parameter, it is possible to calculate
the coefficient of river network structure or the frac-
tional order of watercourse proposed by B. V. Kin-
diuk. This makes it possible to expand the hierarchy
of orders to improve the comparison process
[Kindiuk, 2003].

The analytical expression of the dependence of
the number of elementary streams on the map detail
is represented by the expression:

K; =1+1bS;, (D
where K; is a fractional order exponent; /b — binary
logarithm (with base e = 2); S; — number of elemen-
tary watercourses.

Using the fractional order of the watercourse K;
as an argument and the river network structure chara-
cteristic as a function, we can build relationships that
allow us to analyze the impact of scale granularity on
each characteristic. In this study, four main river
network parameters are used: water discharge, river
network density, catchment area, and river length.

The basic relationship of the watercourse order to
scale is a family of reducing curves, where a single
element belongs to a single catchment area. To geo-
graphically relate these curves to the total catchment
area, the maximum and minimum values of the frac-
tional order of the water flow from the entire field of
calculated values are used, forming two correspon-
ding curves on the graph and thus outlining the limits
of this parameter for the entire catchment.

The analysis of the above dependencies makes it
possible to substantiate the specificity of the chosen
scale in any hydro-technical work using maps, as
well as to propose a methodology for calculating
numerical indicators of hydrographic characteristics
for different degrees of terrain detail without being
limited by the scale of the available map.

Results of hydrographic network
identification

Identification of the hydrographic network of the
Siverskyi Donets sub-basin within the state border of
Ukraine was performed using three scales — 1:50 000,
1:100 000, and 1:200,000. It should be noted that only
two scales — 1:50 000, and 1:200 000 — were proc-
essed in the QGIS Desktop 3.28.2 geographic infor-
mation system.

To demonstrate the advantages of an electronic
map over a paper map, data on the 1:100 000 scale
were taken from a previous study and presented as a
final result without a detailed description of the iden-
tification process [Selehieiev, 2019]. To organize the
structure of the river network of the Siverskyi Do-
nets into a common hierarchical system, we used a
free Open Street Map with the coordinate system
EPSG:3857-WGS84 / Pseudo-Mercator, based on
which we digitized two map schemes (Figs. 1, 2) of
the hydrographic network for two different scales.

Downstream from the villages of Ohirtseve and
Ratyshche, its first left-bank tributary, the Vovcha
River, flows into the Siverskyi Donets, changing its
order from P2 to P3 depending on the scale used —
1:200 000 and 1:50 000, respectively. Similarly, the
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order of the Pilna River (P1—P2), the Khotomlya
River (P2—P3), which flows near the village of
Pershotravneve, and the Hnylytsia River (P1—P3),
which feeds the main river near the village of Ar-
temivka, changes.

Moving downstream, its left-bank tributaries, the
Sukhyi Burluk River (P1—P2) and the Velykyi Bur-
luk River (P1—P3), flow into the Siverskyi Donets,
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and it should be noted that there is a significant jump
in the number of watercourses and their orders de-
pending on the scale.

For example, moving to the right bank of the Si-
verskyi Donets, the Velyka Babka, Tetlezhka, and
Chuhovka rivers flow into it alternately, the order of
which at a scale of 1:200 000 is P1, and the Chu-
hovka river is not displayed at all.
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Fig. 1. Map of the hydrographic network of the Siverskyi Donets obtained using a map at a scale of 1:200 000
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Fig. 2. Map of the hydrographic network of the Siverskyi Donets obtained using a map at a scale of 1:50 000
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However, at a scale of 1:50 000, the order of the
Velyka Babka river increases to P3, and the Chu-
hovka river “manifests” and receives P1. The ten-
dency to increase the number of watercourses and
their orders depending on the map scale is observed
almost throughout the entire area of the studied hy-
drographic network.

Thus, we have come to one of the most extensive
tributaries of the Siverskyi Donets, the Uda River,
which receives the waters of the major rivers
Kharkiv and Lopan. Considering the identified ten-
dency of the map scale to influence the number and
order of watercourses, it turned out that in this river
system, it manifests itself only in changing the num-
ber of watercourses, but does not affect the order of
the main rivers. Thus, the Kharkiv River at both
scales has an order of P3, the Lopan River has an
order of P2, and the Udy River itself, as the leading
watercourse of the region, is a system with an order
of P4, which is the highest value in this section of
the hydrographic network, so the Siverskyi Donets
appropriates it and leaves it unchanged until the con-
fluence of the Oskil River. It should be noted that in
this section at a scale of 1:200 000, the order of the
Siverskyi Donets will remain unchanged until the
final identification reach and will be P4, so further
descriptions of the order increase will refer exclu-
sively to the 1:50 000 scale.

Later, the rather small Hnylytsia River flows in
from the left bank, which has the same order regard-
less of the scale P2=P2, and the Mzha River flows in
from the right bank, whose order also does not
change due to the change in map scale (P3=P3).
However, it should be noted that, as in the vast ma-
jority of watercourses, the total number of water-
courses in the Mzh River varies significantly depend-
ing on the map scale used, i.e., at 1:200 000 it is 9,
and at 1:50 000 it is 34. This implies two aspects of
the identified tendency of the map scale to influence
the number and order of watercourses, namely: first,
a more detailed map scale almost always (except for
very small unbranched watercourses that are directly
adjacent to the Siverskyi Donets) increases the num-
ber of watercourses that are part of a particular hy-
drographic network, and second, unlike the number
of tributaries, their order is more constant.

Near the town of Balakleya, the left-bank tribu-
tary of the Balakleyka River (P1—P3) flows into the
Siverskyi Donets with a significant fluctuation in the

order of the main river. And then, interestingly,
when moving from a scale of 1:200 000 to 1:50 000,
several watercourses that directly flow into the Si-
verskyi Donets and have a fairly extensive channel
network “appear” in the area between the Balakleyka
River and the Oskil River. Thus, the left-bank Mok-
ryi Iziumets, which flows near the city of Izium, has
the highest order (P3), and somewhat smaller water-
courses upstream — the Teplyanka River (P1),
Savynka River (P1), and the right-bank tributaries of
the Berechka River (P2) and Chepil River (P1).
Moving further from Izyum, the waters of one of its
largest tributaries, the Oskil River (P2—P4), flow
into the Siverskyi Donets, which clearly demon-
strates the impact of the map scale on the number
and order of watercourses. Thus, Figs. 3 and 4 show
that when using a scale of 1:200 000, it has only 3
tributaries, which merge to form a fairly elementary
watercourse of the P2 order, but when moving to a
more detailed scale of 1:50 000, the number of ele-
mentary watercourses increases many times to 121,
and the order of the main river increases by two
steps, 1. e., to P4.
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Figs. 3, 4. The influence of scale on the detail of the hy-
drographic network (for example, the Oskil River)

After the Oskil River, the Siverskyi Donets alter-
nately receives the waters of a minor left-bank tribu-
tary of the Nitrius River (P1=P1) and the right-bank,
more extensive Kazenyi Torets River (P3—P4),
which in turn is adjacent to the Dry Torets (P2—P3)
and Kryvyi Torets (P2—P4). This local hydro-
graphic network shows both aspects of the trend of
changing the number of watercourses and their or-
der. Thus, on a scale of 1:200 000, the number of
elementary watercourses is 13 for the entire system,
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and the order of the main river Kazennyi Torets is
P3, but if we detail this section, we get a much larger
number of elementary tributaries (110), the most
branched river of the system is Kryvy Torets (P4),
after which the Kazennyi Torets takes over this order.

By that time, lower-graded tributaries flow into the
Siverskyi Donets: the Bakhmutka River (P2—P3), the
Zherebets River (P1—P3), the Krasna River (P2—P3),
and the Borova River. Borova, which is transformed
from a rather elementary P2 stream at a scale of
1:200 000 to an extensive system of watercourses at
a scale of 1:50 000 with the order of P4, which only
confirms the previously identified tendency of the
map scale to influence the number and order of wa-
tercourses in the hydrographic network. Later, when
boning the Siverskyi Donets, two small right-bank
tributaries were identified using a scale of 1:50 000 —
the Bilenka River (P2) and the Bilenka River (P2),
which are not visible at larger scales and clearly
demonstrate the benefits of a detailed scale in the
study of the channel network.

Moving south from the village of Stary Aidar, the
left-bank tributary of the Siverskyi Donets, the Aidar
River (P2—P4), flows into the main river, visually
changing depending on the map scale used to study
it. Thus, as the map’s detail increases, the number of
elementary watercourses increases from 2 to 45, and
the order of the main watercourse in such circum-
stances rises to P4, but it does not affect the order of
the Siverskyi Donets, because in this section it is
already P5. Similar metamorphoses are characteristic
of the left-bank tributaries downstream — the Kovsug
River (P2—P3) and the Tepla River (P1—P3).

However, the most significant changes are de-
monstrated by the right-bank tributary of the Si-
verskyi Donets, the Luhan River, whose identifi-
cation scheme is shown in Fig. 5.

Thus, using a smaller scale of 1:200 000, there are
only 7 elementary watercourses within this hydro-
graphic system with the order of the main river P3,
which is not an indicator of anything extraordinary.

But when we scale up this section, we see that the
Lugan River increases its channel branching many
times over, forming a complex tree-like system of
watercourses, of which there are already 124, and the
order of the main river is P5, which is the highest for
all tributaries of the Siverskyi Donets. Thus, from
this point on, the order of the main river rises to P6,
which is an important scientific result of this study.
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Fig. 5. Detailing the channel system of the Lugan River

The final section of the closure stem near the vil-
lage of Popivka, Donetsk Area. The Siverskyi Donets
receives water from quite significant tributaries, such
as the right-bank Luhanchyk River, which is shown
only at a scale of 1:5 000 and has a P4 order, and the
left-bank Derkul River (P1—P3), which is also sig-
nificantly affected by the map scale. In addition to the
named watercourses, the 1:50 000 scale map shows
that 35 elementary watercourses flow into the
Siverskyi Donets, which do not have their own
names, but they account for about 4 % of the total
number of elementary watercourses in the system.

Table 1 provides comparative data on the number
of watercourses of different orders depending on the
map scale used.

Table 1

The numbe of watercourses of different orders
for the rivers of the Siverskyi Donets sub-basin

Water flow Scale
order 1:50 000 1:100 000 | 1:200 000

| 838 273 80

11 198 91 23

1 41 22 5

v 8 6 1

A% 2 1 -

VI 1 - -

River network structure coefficient. The study
area of the Siverskyi Donets sub-basin includes
30 hydrological stations, which are scattered
throughout the hydrographic system. For each water
intake area bounded by a gauging station, the river
network structure coefficients were calculated based
on the number of elementary unbranched water-
courses ..
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The analysis of such characteristics of the
Siverskyi Donets river system as river length, catch-
ment area, average long-term water flows, and net-
work density was based on data from 28 hydrological
stations in its catchment area [Vyshnevskyi and Koso-
vets, 2003]. It should be noted that the data from the
gauging stations of the Siverskyi Donets River —
Ogirtseve village and the Oskil River — Kupiansk
town were not used. Kupiansk were not used due to
the significant “trimming” of their water intake areas
by the state border, which does not allow for an objec-
tive assessment of the announced dependencies due to
the fictitious value of the water flow order that does
not correspond to the physical reference.

For example, the drainage basins range from
189 km? (Lopan River — Kozacha Lopan village) to
73,200 km? (Siverskyi Donets River — Kruzhylivka
village), river lengths range from 23 km (Bakhmutka
River — Bakhmut city) to 790 km (Siverskyi Donets
River — Kruzhylivka village); water discharges are
represented by the average long-term values of ma-
ximum water content on the rivers of this region
[SWC, 2017].

Using the number of elementary watercourses,
the fractional order of watercourses K; was calcu-
lated for each catchment area, the values of which
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are presented in Table 2. According to the calcula-
tions, this characteristic varies with scale as follows:
at a scale of 1:50 000 K; varies from 1 to 10.7; at a
scale of 1:100 000 — from 1 to 9.1; at a scale of
1:200 000 — from 1 to 7.3.

Once the K; values for each site were calculated,
it became possible to build four empirical relation-
ships using alternately the catchment area F, river
length L, average long-term maximum flows émax,

and the sum of elementary watercourses within the
catchment S; as a function of K, i. €., the fractional
order of the watercourse. The graphs are plotted for
all three scales used in the identification.

To build a logical chain of reasoning, it is neces-
sary to start with the basics, namely the density of
the river network, on which further conclusions
about the impact of the map scale on river character-
istics will be based.

Approximation of the first dependence of the
number of elementary watercourses S; on the frac-
tional order of the watercourse Ki allowed us to ob-
tain an analytical expression of this function:

K,
S; :aleb‘ T

)

where e is the base of the natural logarithm; a; and
b, are empirical coefficients that depend on the
map scale.

Table 2

Basic hydrographic data and topographic parameters of the rivers of the Siverskyi Donets sub-basin

The total number The coefficient of river
network structure,
. . of watercourses, S; %
S1. R b ;)ra.nnage lRlveE Discharge i
1ver — Point asin area engt = 3
No. i | Lim | Q=™ 18 |E | | 8 g | g
2 g |8 2 S S
o - | o - Q
1 2 3 4 5 6 7 8 9 10 11
1 Siverskyi Donets — 10.300 216 190.4 105 33 11 7.7 6.0 4.5
Chuhuiv
2 Siverskyi Donets — 16.600 260 310.8 208 84 40 8.7 7.4 6.3
Zmiiv
3 Siversky Donets — 19.400 389 211.5 223 | 111 44 8.8 7.8 6.5
Protopopivka
4 Siverskyi Donets — 22.600 451 271.4 226 | 122 | 44 8.8 7.9 6.5
Izyum
5 Siversky Donets — 38.300 480 485.1 356 | 159 | 47 9.5 8.3 6.6
Yaremivka
6 Siversky Donets — 44.400 543 508 440 | 194 | 59 9.8 8.6 6.9
Starodubivka
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Continuation of Table 2
1 2 3 4 5 6 7 8 9 10 | 11
6 Siversky Donets 44.400 543 508 440 | 194 | 59 | 98 | 86 | 69
Starodubivka
Siversky Donets —
7 52.400 623 474 556 | 222 | 67 | 101 | 88 | 7.1
Lysychansk
Siversky Donets —
8 . 73.200 790 5784 | 838 | 273 | 80 | 107 | 91 | 73
Kruzhylivka
9 Vovcha — Vovchansk 1.330 84.1 65.6 8 6 2 4.0 3.6 2.0
10 | Udy— Peresichna 905 107 302 23 | 14 | 5| 55 | 48 | 33
11 | Udy- Bezlyudivka 3.300 122 111.1 54 | 53 | 14| 68 | 67 | 48
1o | Lopan—Kozacha Lo- 189 31 11.4 1 1 1 1.0 | 1.0 | 1.0
pan
13 | Kharkiv - Tsirkuny 890 56 39.4 16 | 15 | 4 | 50 | 49 | 3.0
14 | KazenyiTorets— 936 56 26 15| 8 | 5| 49 | 40 | 33
Raiske
15 | Kryvyi Torets - Olek- 1.530 75 28.1 42 |16 | 2 | 64 | 50 | 20
siyevo-Druzhkivka
16 | SukhyiTorets —Cher- 1.310 76 46.8 7 6 | 2| 38 | 36 | 20
kaske
17 | Bakhmutka — Bakhmut 433 23 9 16 | 6 1 50 | 36 | 1.0
18 | Bakhmutka — Siversk 1.560 77 44.9 43 | 14 | 2| 64 | 48 | 20
19 | Zherebets — Torske 857 7 28.8 18 | 4 1 52 | 30 | 1.0
20 Krasna - Cher- 2.540 131 772 20 | 5 3| 53 | 33 | 26
vonopopivka
21 | Aidar - Belolutsk 2.250 73 113.3 8 7 1 2] 40 | 38 | 20
22 | Aidar — Novoselovka 6.370 149 198.5 31 | 15| 2 | 60 | 49 | 20
23 Evsug — Petrovka 784 72 28.1 11 2 1 4.5 2.0 1.0
24 Lugan — Kalynove 751 68 15.8 2 1 1 2.0 1.0 1.0
25 | Luhan - Zymohirya 1.820 132 325 68 | 12 | 4 | 71 | 46 | 30
26 | Luhan — Luhansk 3.510 176 50.7 125 | 18 | 7 | 80 | 52 | 38
27 | Vilkhivka — Luhansk 814 82.1 17.2 42 | 3 1 64 | 26 | 1.0
28 | Derkul — Belovodsk 1.380 33 415 29 | 8 1 59 | 40 | 1.0

Also, the obtained empirical dependencies (2)—
(5) include the parameters @; and b;, the values of
which are taken from the graph of the relationship
between the hydrographic characteristic and the
river network structure coefficient.

According to mathematical statistics, the
closeness of the relationship between a function and
an argument is estimated by the value of the
correlation coefficient » for linear relationships, and

the approximation reliability coefficient R for non-
linear ones (Table 3).

Analyzing the dependence obtained (Fig. 6) for
the three map scales, it should be noted that the
closest relationship is observed at the scale of
1:50 000 (R=0.99) and decreases in a downward
trend at the scale of 1:200 000 (R=0.85). This
change can be explained by the fact that with a
decrease in the scale value, i. e., in the case of
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increasing terrain detail, the number of elementary
unbranched watercourses increases significantly,
and the river network is transformed into a more
complex subcontracting system, and, as a result,
through hierarchical connections, stimulates the
growth of the order of the watercourses that are
formed. That is, the larger the scale, the smaller and
more stable the watercourse order (indirectly
influenced by the complexity of the identification
process), because it is the density of the river
network that affects its increase.

Table 3

Reliability coefficients of approximation
of hydrographic characteristics of watercourses
from K for the rivers of the Siverskyi Donets

sub-basin
Scale
Characteristic R
1:50 000 | 1:100 000 1:200 000
F=f(K) 0.89 0.92 0.91
L=£(K) 0.85 0.86 0.91
0. =S&)| 079 0.88 0.87
S, =£(K) 0.99 0.92 0.85
8,
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Fig. 6. Graph of the dependence of the number of elemen-
tary watercourses S; on the fractional order of the water-
course K; (the rivers of the Siverskyi Donets sub-basin)

Approximation of the second relationship be-
tween the length of the river L and the value of K;
allowed us to obtain an analytical expression of the
function, which has the following form:

L= azesz" 5 3)

where e is the base of the natural logarithm; a, and
b, are empirical coefficients that depend on the map
scale.

Using the approximation reliability coefficient R,
we can see that the downward trend, which demon-
strates a decrease in the closeness of the relationship
with a decrease in the scale value, is also evident in
the graph of the dependence of river length on the
order of water flow (Fig. 7). This means that the
correlation coefficient R at a scale of 1:50 000 is
0.85, and for 1:200 000 it is 0.91.

Earlier, we found out that mapping in greater de-
tail leads to a more complex river system, increases
the number of available watercourses, and increases
the order of the latter. If the network develops in the
form of an increase in subcontractor connections
between watercourses (the density of the system in-
creases), then a logical consequence of this process is
an increase in the length of watercourses. This is be-
cause the place that is taken as the source of a river at
a given scale can change its location depending on the
scale (and as we know, the length of a river is measu-
red from the source to the mouth). After all, the detail
allows us to trace the exact moment of formation of a
new watercourse or its existence as such (and, accord-
ingly, changes in length). The above analysis suggests
that the change in the length of the watercourse is to
some extent influenced by the scale detail, and the
closer relationship of length to decreasing water-
course order is due to the greater relative location of
the point that is taken as a branch.
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Fig. 7. Graph of the dependence of the hydrographic
length of rivers L on the fractional order of water flow K;
(the rivers of the Siverskyi Donets sub-basin)

Approximation of the second relationship be-
tween the length of the river L and the value of Ki
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allowed us to obtain an analytical expression of the
function:

F= a3eb3K‘ P (4)
where e is the base of the natural logarithm; a; and
b; are empirical coefficients that depend on the map
scale.

As in expressions (2) and (3), the size of the
catchment area has a fairly close relationship with
the order of the watercourse (Fig. 8).
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Fig. 8. Graph of the dependence of the catchment area
F on the fractional order of the water flow K;
(the rivers of the Siverskyi Donets sub-basin)

Thus, the conclusions drawn in the previous
analyses can be used to generalize and develop them
throughout the entire watershed. Thus, as the map
scale decreases, the density of the river network
increases, the order increases, and the length also
undergoes quantitative changes due to the “manifes-
tation” of new subordinate elements of the river that
can be used as a branch. Then the catchment, as a
characteristic that combines all the processes that
occur with the river network under the influence of
physical and geographical factors, as well as the
cartographic image, takes over the previously made
conclusions. That is, an increase in the scale value
creates a more static river system, as the detail of the
terrain is reduced and elevation points are genera-
lized. Thus, the catchment area gets an average out-
line rather than the exact perimeter of the watershed
line. If we take into account a more detailed scale,
then, firstly, the factor of a larger number of eleva-
tion points increases, and secondly, as the river sys-
tem gradually branches out, it captures new territo-
ries from which it receives nutrition. That is, as the
order of water flow decreases, the catchment area,

like the river system, becomes simpler and more
generalized.

Approximation of the fourth relationship be-
tween the average long-term values of maximum
discharge water Qmax and K; allowed us to obtain an

analytical expression of the function, which has the
following form:

Ounax = aze™" 5 ®)
where e is the base of the natural logarithm; a, and
b, are empirical coefficients that depend on the map
scale.

Considering the conclusions drawn from the
analysis of the previous dependencies of the type
(2), (3) and (4), we can analyze the relationship be-
tween water flows and the order of watercourses, as
shown in the graph (Fig. 9).

Thus, during the disaggregation, the river net-
work undergoes quantitative changes in the system
density, which in turn causes changes in the catch-
ment area and river length.

In addition to quantitative changes, the river sys-
tem also changes qualitatively in terms of water
flow, however, this characteristic within the scales
used is least dependent on the order of the water-
course, and for the scale of 1:50 000 (R=0.79) is on
the verge of significant influence. This circumstance
is explained by the fact that water discharge, unlike
the number of watercourses, river length, and
catchment area, is a characteristic that is quite vari-
able and almost entirely depends on the physical and
geographical conditions of the territory rather than
on the scale detail.
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Fig. 9. Graph of dependence of discharge Q_  on the

fractional order of the water flow K; (the rivers of the
Siverskyi Donets sub-basin)
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However, the river network is a system of inter-
connected characteristics, so a change in the catch-
ment area F (as a unifying characteristic for the terri-
tory) depending on the map scale will indirectly affect
water flows. Here, the identified tendency remains,
where, as the map scale increases, the hydrographic
characteristic has a closer connection with the water
flow order, because as the complexity of the system
decreases, the number of points at which differences
can be observed also decreases, which will signifi-
cantly affect the water content of the river.

Parameters of calculated dependencies

Analyzing the values of the parameters a; and b;
(Table 4), which appear in the calculation formulas
of the form (2)—(5), we can assert the existence of
some regularities. Thus, the parameters a;, a; as a4
in all dependencies increase with an increase in the
scale (or with a decrease in detail), however, their
numerical values significantly exceed the results of a
similar study on small rivers of the Rika River basin,
which was carried out by B. V. Kindiuk. This diffe-
rence can be explained by the novelty of this study,
which consists in changing the type of the studied
network from mountainous to plain and, as a result,
a significant increase in such characteristics as L, F,
Qmax and S, The parameters b;, b, b;, b, also in-

crease, but the change in their values is relatively
small depending on the map detail. From a physical
point of view, the above dependency trends can be
explained by employing relationship graphs (see
Figures 6-9), where the lines describing the func-
tions are almost exactly equal to each other and ana-
lytically describe the same hierarchical structure
with different degrees of detail.

It should be noted that the discrepancy in the
values of the approximation reliability R is quite
acceptable and ranges from 0.79 to 0.99, which
corresponds to the significance of this indicator and
justifies the analyzes performed.

In the process of identifying the river network at
three decreasing scales, the resulting values of the
watercourse orders are naturally also gradually
reduced. For example, the fractional order of the
main river of the Siverskyi Donets network near the
village of Kruzhylivka at a scale of 1:50 000 is 10.7,
at a scale of 1:100 000 — 9.7, at a scale of
1:200 000 — 7.3.

Similar patterns of decreasing watercourse order
with increasing map scale are observed in all
28 sections of the watershed. This makes it possible
to construct a joint graph of dependencies (Fig. 10)
of the form M = f (K;), where the map scale M is the
function and the argument is the river network
structure coefficient K; (or fractional water flow
order). For these dependencies to apply to the entire
catchment area, the minimum and maximum values
of K; (see Table 2) are plotted on the graph
following the scale.

The novelty of the study

The use of GIS technologies (for example, the
QGIS program) allowed us to reach a qualitatively
new level of river network identification due to the
expanded possibilities of map manipulation. The
creation of a paper map is quite difficult, and there-
fore the results of previous studies using a paper map
can provide relative examples of the complexity of
the river network. The QGIS toolkit has improved the
identification methodology, which has significantly
increased its information content and accuracy.

The main studies related to the identification of
the hydrographic network of the Siverskyi Donets
belonged to the works of O. V. Biriukov, however,
they did not operate with the amount of data that
was provided by the use of three different scales. It
would be more appropriate to transpose this feature
to the study of rivers in Western Ukraine by B. V.
Kindiuk, but he also did not use the power of geo-
graphic information systems in his work. Therefore,
this study combines the methodology of B. V. Kin-
diuk and the specifics of the region of O. V. Biriu-
kov with the latest technological capabilities.
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Fig. 10. General dependence of the watercourses
order K;on the map scale M (the rivers of the Siverskyi
Donets sub-basin)
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Table 4
Values of the parameters of the calculated dependencies a;
and b; for the rivers of the Siverskyi Donets sub-basin
Map scale
1:50 000 1:100 000 1:200 000
Characteristic Parameter Numerical Numerical Numerical
values R values R values R
of parameters of parameters of parameters
1 2 3 4 5 6 7 8
Number of wa- a 0.50 1.40 4.61
tercourses 0.99 0.92 0.85
S; b 0.69 0.67 0.65
. a 14.85 2143 33.76
Rleer lljzgth 0.85 0.86 0.91
’ by 0.33 0.35 0.39
Drainage basin as 69.87 122.12 328.03
area 0.89 0.92 0.91
F, km’ by 0.59 0.65 0.67
Average long-
term values of a4 5.39 6.71 13.90
maximum dis- 0.79 0.88 0.87
charge water by 0.41 0.47 0.49
Qmax ,m’/s

Practical significance

An important result of the work was the demon-
stration of the actual use of GIS technologies in
research related to the cartographic component of
hydrological science. The popularization of this
method improves the quality, information content,
and speed of processing hydrological data in a long-
term perspective. Regarding the specific example
given in the article, the practical result of the work
was the mapping of the hydrographic network of the
Siverskyi Donets, which will be used in the further
development of this topic or can be used for the
needs of other scientists or future research.

The application of the presented methodology for
studying the influence of map scale on the characte-
ristics of the river network structure allowed us to
identify, mathematically describe and scientifically
substantiate the dependencies that will allow engi-
neers or researchers to calculate the hydrographic
characteristics of the Siverskyi Donets necessary for
the implementation of practical tasks using only the
value of the water flow order. This means that ha-
ving a map of a certain scale that does not meet the
needs of a project or study, the user can simply use
the graph of the dependence of the watercourse or-

der K; on the map scale M (see Fig. 10), remove the
fractional watercourse order K; (according to the
desired scale), and select the appropriate values of
the parameters a; and b; Having received all the
necessary numerical data on the terms of the calcu-
lated dependencies, it is possible to calculate the
value of any hydrographic characteristic of the
Siverskyi Donets from equations (2), (3), (4) or (5)
and apply it in your calculations.

Conclusions

The Siverskyi Donets basin is currently almost
entirely within the territory of military operations, so
the study of its hydrographic network using GIS-
technologies is practically the only possible tool
under martial law.

One of the most important tasks in the post-war
reconstruction of the country will be the restoration
of destroyed hydraulic structures, dams, bridge
crossings, and bridges. To solve these problems,
detailed and up-to-date information about the hy-
drographic network of the territory is needed.

This study shows that the use of GIS technolo-
gies allows for obtaining high-quality hydrographic
network maps that can be used in hydrological and
hydraulic engineering studies.
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The analysis of the impact of scaling on the char-
acteristics of the structure of the river network of the
Siverskyi Donets showed its importance for practi-
cal use and proves the value of the methodology
used, which was once proposed by B. V. Kindiuk.

Further prospects for the development of the
study are to use the characteristics of the hydro-
graphic network obtained using GIS technologies as
an indicator of climate change and its impact on
water resources in eastern Ukraine. For example, a
comparison of topographic maps of different years
of publication will allow us to trace the dynamics of
the disappearance of small watercourses and the
emergence of new anthropogenically altered ones.
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3ACTOCYBAHHS T'IC-TEXHOJIOI'TH J151 AHAJII3Y BIUIMBY MACILTABY TOIIOI'PAGIYHOI KAPTU HA
T'IAPOJIOTTYHI XAPAKTEPMCTUKHU PTYKOBOI MEPEXI CIBEPCHKOI'O JIOHIIA

I'eoindopmartiiiHi TeXHOIOTIi Ha CHOTOIHI BUKOPHCTOBYIOTHCS y 0aratbox cepax KUTTEMIsUIBHOCTI JIIOANHH, SIK Y
TIOBCSIKIIEHHOMY JKHTTi, TaK W Yy HAYKOBUX JOCHTi[pKeHHsX. [IpencraBieHe IOCIIHKEHHS INPHUCBSMEHO BHSBJICHHIO
3B’SI3Ky MK MacmTtaboM TororpadiuHux KapT Ta OCHOBHUMH TifporpadiyHUMU XapaKTepHCTUKaMU PIYKHA HA OCHOBI
JIaHuX crocrepekeHb B Oacelini CiBepcbkoro J{oHra. JlocmimkeHHs: 0a3yeThCsl Ha pe3yabTaTax igeHTudikarii riapo-
rpagiuHOi Mepexi, sika Oysia BUKOHaHA Ha OCHOBI BiAKpHUTOl KapTu cBiTy Open Street Map B reoindopmariiiHomy cepe-
nouii nporpamu QGIS 3 Bukopucranusm merony A. H. Hlrpamiepa ta 1. H. I'apivana. [poriec BusiBeHHs, omucy Ta
aHaizy CyOITiAPSITHAX 3B’ SI3KIB MOJSTAE B IPUCBOEHHI KOXKHOMY €JIEMEHTY PIYKOBOI MEpeKi CBOro ieHTH(DiKaIliHHOro
TIOPSIKY, 33 JIONOMOIOIO SIKOTO 3’SIBJSIETHCS MOMKIIMBICTH TODIBHSIHHS Ta CTaHAapTu3aimii BOJOTOKIB. Omepyroun
iepapXiuHUM “TiepeBOM” PYCIIOBOI MEpeKi, TOJIOBHOIO XapaKTEPHCTHKOIO B SIKif € KiJIbKICTh €lIeMEHTapHUX Hepo3rairy-
YKEHUX BOJOTOKIB, MOXJIUBO BUSIBUTH Ta aHAJTITUYHO OIMCATH 3ISKHOCTI MDK JETAN3alli€l0 KapTh Ta OCHOBHUMHU
XapaKTepUCTUKaMHU Oy/lIOBU PIYKOBOI MEpEeXi — BUTpaTaMH BOJM, HIUIGHICTIO MEpEeXi, IUIOMIEI0 BOA0300pY Ta JOBKH-
HOIO PIYKH. 3a OCHOBY JUTS OIKCY IMX 3B’s3KiB Oyna B3sTa MeToauka b. B. Kinmtoka, skuii BBIiB MOHATTS KoeQillieHTa
CTPYKTYPH PIYKOBOI MepeKi a0 K JPpOOOBOro MOPSIKY BOAOTOKY SIK 0a3UC B alpOKCUMAIlii BUIe3a3HAYEHHX 3aJIEKHO-
CTeH, 1110 Ja€ 3MOI'y MaTeMaTHYHO OIMCATH OTpUMaHi (GyHKINT i ofiep>kaTh YUCIIOBI 3HAYEHHS EMITIPHYHUX MapaMeTpiB.
Buxopucranns QGIS nonomoriio crBopuTH Kaprocxemu rigporpadiunoi Mepexi CiBepcbkoro JloHIs B Mexax Y KpaiHu
Ha OCHOBI kapT MacmTa6is 1:50 000 ta 1:200 000. 3a X JOMOMOror0, a TAKOXK 3a JAaHUMHU 3 KapTu Macirrady 1:100 000,
Ti[paxoBaHa KiJbKICTh €IeMEHTApHUX HEePO3Taly>KeHUX BOJOTOKIB, & TAKOXK iEHTU(IKOBAHUHA KOXXEH EIEMEHT CUCTe-
MM, JIe TIOPSZOK TOJIOBHOI PIYKH 3a3HA€E 3MiH 3aJIKHO BiJ MacITady KapTH. 3MiHa IIMX ITOKAa3HHKIB JIEMOHCTPYE TEH-
JICHIO 10 301IbLIEHHS IIUIBHOCTI Ta CKJIAJHOCTI PIYKOBOI MepeKi 3i 30UIbIICHHSM JeTaiti3amnii KapTH 1, K HACTIIOK,
TIOTEHIIIMHOT 3MiHH MTOKa3HUKIB IO BOI0300pY, BUTPATH BOJM 1 TOBKHUHH PiYKH. BUsBIIEH] 3a/Ie)KHOCTI MaTeMaTH-
HO BUpaKEHI y BHUIJISAI (YHKIIHM, a TaKOXX XapaKTepU3yIOTHCS BUCOKMMHU 3HAYEHHSMH KOe(illieHTa JOCTOBIPHOCTI
anpoKCHMallil, 10 1aJIo 3MOT'y MOOYIyBaTH 3arajibHUMN NepexiTHui rpadik Bif MOPSIIKY BOAOTOKY J0 MacliTady KapTu
i3 BiZIMOBIIHUMY 3HAYEHHSAMHU PO3PaXyHKOBUX TapameTpiB. HoBH3HA Ta MpakTUYHA 3HAYYIIICTH MOJTAE Y TOMY, HIO
BUKOPHCTaHHSI Cy4acHUX TreoiH(OpMAlifHUX TEXHOJOTIH B TiJPOJOTIYHIA Haylll 3HAYHO MiJBHIIYE SKIiCTb KapTo-
rpadiyHUX JaHHX, a OO MOCIiKyBaHOTro 00’ ekTa — piuku CiBepcbkuil JloHenp, cTBOproe 6a3y y BUTIIAL 1H(pPOBUX
KapT Ul TOJAJIbIIOr0 BUKOPUCTaHHS B TiAporpado-reoie3nIHUX JOCIiKeHHsIX. Bkazanuii cyOOaceiiH paHinie He
JIOCITI/KYBaBCs 3 BUKOPUCTaHHSM 3arporioHoBaHoi b. B. KiHIIOKkOM METOIMKH CTOCOBHO BIUIMBY MacIITabiB KapT Ha
XapaKTepUCTUKH Oy/lIOBU PIYKOBOI Mepexi, 0 B NMPaKTHYHOMY IUIaHI 3HAYHO YCKJIAIHIOE POOOTY iHXKEHEpiB, JI0-
CIIIZIHUKIB 1 MPOEKTAHTIB 3 KapTorpadiuHumMu JaHuMu. Lle mociipkeHHs: MOKIMKaHO MOSICHUTH OCOOJIMBOCTI B MacITa-
OyBaHHI PIYKOBHUX MEPEXK, a TAKOX 3aIlPONOHYBATH MEXaHi3M HAyKOBO OOI'PYHTOBAHOIO IEPEXOY BiJl HAsIBHOIO Mac-
mTady KapTu 10 0akaHOTrO B Mexkax cyboaceiiny CiBepchkoro JIoHIIS.

Kmiouosi crosa: QGIS, rigporpadiuna Mepeska, MopsiIoK BOJOTOKY, TiAPOIOTIYHI XapaKTEPUCTHKH, MACIITa0 KapTu.
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