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Assessment of water resource potential and water use dynamics in the pripyat river basin under low
water conditions

Pryhornytska O.S., Khilchevskyi V.K.

The article presents a comprehensive study of the current state and management of water resources in the
Prypiat River sub-basin, which is a strategic transboundary region for Ukraine. The research methodology is based on
the analysis of long-term hydrological data, assessment of groundwater potential, and water management balance
calculations. Using the method of difference integral curves of runoff for key monitoring posts (Prypiat—Richytsia, Styr—
Shchurovychi, Sluch—-Hromada, Uzh—Korosten), the cyclical nature of water content fluctuations over the last 50 years
was analyzed. It was identified that since the early 21st century (specifically from 2002), the region has entered a stable
and prolonged low-water phase caused by regional climate changes (temperature rise, uneven precipitation). This
natural factor is defined as a critical constraint for future water management planning.

The study characterizes the hydrogeological conditions of the sub-basin, highlighting the significant potential of
groundwater resources (prognostic resources are estimated at 7200 thousand m3/day). Special attention is paid to the
Upper Cretaceous aquifer, which serves as the main source of drinking water for large cities (Lutsk, Rivne) due to its
high natural protection from surface pollution. The current level of groundwater development remains low (2.7-9.6%),
indicating a significant strategic reserve.

The dynamics and structure of water use in the sub-basin for the period 2019-2023 were analyzed. Sectoral
disparities were revealed: the industrial sector (energy) dominates in water withdrawal (41.8%), predominantly using
surface water for cooling processes. At the same time, the housing and communal services sector (30.5% of
withdrawal) is the main source of anthropogenic load, generating about 97% of polluted wastewater discharges into
surface water bodies due to the worn-out state of treatment facilities. The analysis of forecast scenarios for water
withdrawal up to 2030, defined in the approved Dnipro River Basin Management Plan, indicates a likely increase in
water consumption to 273.4 million m3 under the realistic scenario of post-war recovery. The study substantiates the
necessity of adapting the water management complex to low-water conditions through the modernization of treatment
infrastructure and the priority use of protected groundwater reserves for drinking water supply.

Key words: Prypiat sub-basin; water resources; runoff cyclicity; low water; groundwater; water use; river basin
management; RBMP.
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HIGH-RESOLUTION DIGITAL HYDROGRAPHIC MODEL
OF A SMALL AGRICULTURAL CATCHMENT: AN OPEN-SOURCE GIS INVENTORY
FOR THE SOVYTSIA KITSMANSKA RIVER BASIN (UKRAINE)

The article presents a reproducible GIS-based approach for producing high-resolution digital hydrography for a
small lowland catchment subject to substantial agricultural transformation, demonstrated for the Sovytsia Kitsmanska
River basin (Ukraine) within the Prut River catchment. The objective was to obtain a consistent vector stream network
and derived morphometric metrics suitable for subsequent hydrological and hydromorphological assessments.
Copernicus DEM (30 m) was used as the primary elevation dataset and processed in SAGA GIS 9.8 (Terrain Analysis
— Hydrology) to derive Flow Accumulation, generate an initial stream network, and refine catchment boundaries
(Watershed Basins). Subsequent desktop verification and editing were performed in QGIS 3.34.10 using Sentinel-2
L2A imagery (True Color) and online basemaps (including OpenStreetMap and Visicom) as independent sources for
spatial cross-checking. To ensure methodological consistency, a conservative classification rule for temporary streams
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was applied and a working definition of a temporary watercourse was adopted as a non-perennial channel with seasonal
or episodic flow discontinuity, consistent with contemporary terminology (intermittent/ephemeral). All network elements
were organized into unified vector layers: perennial streams (hydro_In_streams_perennial), temporary streams
(hydro_In_streams_temporary), and a technical layer representing the channel axis through ponds
(hydro_In_perennial_axis_ponds), which ensured topological connectivity and unbiased length accounting. According
to QGIS measurements, the basin area is approximately 271.40 kmz?; the total length of perennial streams is 137.274
km, temporary streams 45.338 km, and the additionally accounted channel axes within ponds 62.571 km.
Consequently, drainage density is about 0.90 km/km? when pond axes are included and about 0.67 km/km? under a
conventional approach that ignores pond-covered channel segments. The contribution of network components to total
length is strongly uneven: perennial streams account for about 56.0%, temporary streams for 18.5%, and impounded
channel segments represented by axes for 25.5%, which substantially affects the interpretation of morphometric
indicators in catchments with numerous regulated reaches. The resulting hydrographic geodatabase provides a robust
spatial baseline for further analyses of runoff organization, anthropogenic pressures, and basin-scale water-
management decision support.

Key words: high-resolution hydrography; small agricultural catchment; QGIS; SAGA GIS; Copernicus DEM,;
Sentinel-2; drainage density.

Introduction. Modern hydrology and water management in Ukraine are increasingly
shifting their focus toward small river basins, since these basins largely determine the quality and
sustainability of local runoff, the water security of communities, and the ecological condition of
agricultural landscapes. In the context of implementing the approaches of the EU Water
Framework Directive, ongoing climate variability, and the rising frequency of hydrometeorological
extremes, such basins prove to be the most sensitive to anthropogenic pressures, including
intensive ploughing, transformation of hillslopes and valley bottoms, activation of erosion
processes, and the impact of ponds and small dams that alter the natural runoff structure. Under
these conditions, substantiated management cannot rely solely on descriptive characteristics or
generalized maps; instead, it requires an up-to-date digital geoinformation basis capable of
reproducing the actual configuration of relief, the river network, the pond complex, and elements
of the drainage/melioration system, and of supporting reliable quantitative calculations of
morphometric and hydrological parameters.

The Sovytsia Kitsmanska River basin is a representative example of a small left-bank
tributary of the Prut River within the forest-steppe part of Chernivtsi Oblast, where low forest
cover, a high share of agricultural land use, a well-developed gully—ravine network, and densely
distributed ponds combine to substantially transform the water regime [5, 8, 11, 19, 20]. The
catchment is located in the forest-steppe zone of Chernivtsi Oblast and lies within the present-
day Chernivtsi District (formerly the Kitsman and Zastavna Districts). The length of the main
channel is 39.4 km, while the largest tributary, the Sovytsia Zastavnivska, is 15.3 km long; the
area of the Sovytsia basin is 267 km2, and the Sovytsia Zastavnivska catchment covers 61.8 kmz.
The source of the Sovytsia is associated with the outskirts of the Sheptany railway station (=300 m
in the Baltic Height System), whereas the headwater reach of the Sovytsia Zastavnivska forms
near the village of Verbivisi (=290 m BHS). The basin’s river network is highly branched: in
addition to the main channel, one tributary longer than 10 km is distinguished (the Sovytsia
Zastavnivska), together with another 17 small watercourses up to 10 km long; the drainage
density of the basin equals 0.94 km/km2 and reflects the substantial role of small streams in
dissecting the territory. The total fall of the Sovytsia from its source to its mouth reaches 136.3 m,
and the weighted mean channel slope of the main river is 2.69 m/km, which overall characterizes
it as a small lowland tributary with moderate gradients and locally steeper segments determined
by valley morphology and lithology. The basin is characterized by low forest cover (6.9%) and
high ploughing intensity (63.3%), which results in the predominance of agriculturally transformed
landscapes and the concentration of anthropogenic impacts within valleys and floodplain terraces;
another important feature is the presence of a considerable number of channel ponds and small
water bodies that redistribute runoff throughout the year and modify the natural hydrological
regime, which should be taken into account in further assessments of the status and functioning
of the river system [5].

According to the “Management Plan for the Pilot Prut River Basin” (Fig. 1) [19], 7 heavily
modified water bodies/surface-water bodies have been identified within the Prut River basin,
which is about 6% of the basin. These include, in particular, the Sovytsia Kitsmanska River, which
is characterized by a high degree of flow regulation by dikes and fish-farming ponds.
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Fig. 1. Heavily Modified Surface Water Bodies / Surface Water Bodies at Risk in the Prut Pilot
Basin, Ukraine [19]

In the Danube River Basin Management Plan for 2025-2030 (Prut and Siret sub-basins)
[10], which concerns the water-management complex of the oblast, work in the Sovytsia
Kitsmanska River basin is directly aligned with regional priorities recorded in the official program
document of the Chernivtsi Oblast Council. In particular, the following should be noted as the
program framework: the “Comprehensive Program for the Development of Water Management
and Flood Protection in Chernivtsi Oblast for the period up to 2021, approved by Decision of the
XXVI session of the Chernivtsi Oblast Council of the VI convocation dated 11.06.2014, No. 61-
26/14. Within this program, among the environmental actions, a separate direction is envisaged
that directly corresponds to the subject of our study and the practical needs of water management
at the local level, namely: “Measures for the revival of small rivers. Sovytsia Kitsmanska River of
the Kitsman District of Chernivtsi Oblast”. The inclusion of the Sovytsia Kitsmanska in the list of
such measures means that the river basin is considered a problematic yet promising area for
restoration, where systematic actions are required to improve ecological status, increase the
water-protection efficiency of land use, and reduce risks associated with runoff transformation.
Therefore, the creation of an up-to-date digital hydrographic baseline for the basin, refinement of
the structure of watercourses and the pond complex, and calculation of derived indicators
(lengths, network density, river-network connectivity) can be presented not only as a scientific
result, but also as information support for implementing the specified environmental measure and
for preparing well-grounded management decisions for territorial communities and water-
management organizations [10].

The available cartographic materials, produced mostly several decades ago [5], do not
reflect current changes in the channel network and the drainage/land-reclamation (melioration)
network, the system of artificial water bodies, and land-use structure. At the same time, the
availability of open digital elevation models (Copernicus DEM) [3,4], high-resolution satellite data
(Sentinel-2) [12,13], and modern desktop GIS (QGIS 3.34.10, SAGA GIS) [14,15,21] makes it
possible to carry out detailed digital mapping of the basin and to increase the reliability of
subsequent hydrological assessments.
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The relevance of this work is determined by the need to create a modern digital map of the
Sovytsia Kitsmanska basin that integrates morphometric, hydrographic, and hydrological
information into a single, reproducible geoinformation structure and can be used as a baseline
material for analyzing hydromorphological status, assessing the impact of in-channel ponds on
runoff, and supporting decisions of local self-government bodies and water-management
organizations. The aim of the qualification work is to build a detailed digital model of the Sovytsia
Kitsmanska River basin based on the combination of Copernicus DEM, Sentinel-2 imagery, open
cartographic services (in particular OpenStreetMap and Visicom), and hydrological-analysis tools
in the SAGA GIS and QGIS environments [12,13,14,17], as well as to provide a generalized
analysis of natural conditions and factors of runoff formation within the catchment. The object of
the study is the Sovytsia Kitsmanska basin as a natural-territorial system, and the subject is the
structure of its river network, the pond complex, and key hydrological characteristics reproduced
by means of digital modeling.

To achieve the aim, the work included preparation of spatial data (DEM, satellite materials
and online maps, vector layers), DEM-oriented modeling in SAGA GIS, and the development of
a structured database of vector layers of watercourses (with separation of perennial and
temporary streams), ponds, and basin boundaries in QGIS, followed by morphometric and
geostatistical calculations of derived indicators (primarily the lengths of the hydrographic network
and parameters derived from them). The methodological basis consists of a literature-descriptive
approach, GIS-based cartographic modeling, and quantitative morphometric calculations, which
together ensure the production of an up-to-date and verifiable geoinformation baseline for further
studies of small basins in the region.

Methodology and data. Hydrological modelling of small river basins, including the Sovytsia
Kitsmanska, is most appropriately organized as a sequential workflow implemented in two
desktop geographic information systems, QGIS 3.34.10 and SAGA GIS. These platforms
complement each other in a functionally coherent way: QGIS provides a convenient environment
for data management, connection of web-based -cartographic services, visualization of
intermediate and final outputs, and “manual refinement” of the final hydrographic framework,
whereas SAGA GIS performs the core computation based on a digital elevation model, offering a
full suite of hydrological algorithms. For a relatively small yet strongly anthropogenically
transformed basin such as the Sovytsia Kitsmanska, this combination makes it possible not only
to model runoff mathematically, but also to adjust the derived digital river network so that it
matches the actual on-the-ground pattern as closely as possible.

Within this workflow, the role of QGIS 3.34.10 consists primarily in working with background
and reference datasets and in producing the final vector layer of the hydrographic network. In
QGIS, all key resources used for interpretation and refinement of basin structure were connected,
including Google satellite basemaps via XYZ tiles (lyrs=s), the OpenStreetMap basemap, detailed
Visicom Maps layers, Sentinel-2 L2A imagery (True Color) for 26 October 2025, and the
Copernicus DEM with a 30 m spatial resolution that had been pre-processed in SAGA GIS (Fig. 2)
[2, 7]. This environment enabled spatial comparison of DEM-based modelling results with real-
world land-surface features such as field boundaries, roads, drainage (melioration) channels,
ponds, shelterbelts, and built-up areas. By overlaying hydrological rasters produced in SAGA GIS
onto satellite imagery and vector layers in QGIS, the final hydrographic network was edited and
harmonized: the position of the Sovytsia Kitsmanska channel, catchment boundaries, small
tributaries, water-diversion channels, as well as the locations of headwaters and confluence
points were refined.

Processing of the Copernicus DEM (30 m) was carried out directly in SAGA GIS using
specialized modules of the Terrain Analysis — Hydrology toolset [12, 14].

Within the study, for a catchment characterized by drainage (melioration) systems, a DEM
was prepared by applying an appropriate depression-filling procedure (Fill Sinks) [12] in order to
distinguish real closed depressions (ponds, quarries, water-filled pits) from DEM artefacts and
thus avoid distortions in subsequent runoff modelling. Next, on the basis of flow directions
determined with the D8 algorithm (Flow Direction), a flow accumulation surface was computed
(Flow Accumulation; Fig. 3). The values of this raster are interpreted as the contributing catchment
area “feeding” each grid cell, and it was precisely this surface that was used to set a threshold for
extracting a linear drainage network and for distinguishing between perennial and temporary
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channels. At the following stage, the Channel Network and Drainage Basins module was used to
automatically generate a synthetic channel network together with its hierarchy (stream orders)
and the boundaries of drainage sub-basins, resulting in vector layers of river polylines and
catchment polygons. These outputs were then transferred to QGIS and refined through visual
cross-checking against Google imagery, OpenStreetMap, and Visicom datasets. In this way,
SAGA GIS provided the computational core of DEM-oriented hydrological modelling (from terrain
preprocessing to automated river-network extraction and related analytical procedures), while
integration with QGIS and multi-source basemaps converted these results into a validated,
interpretable digital model of the Sovytsia Kitsmanska catchment.
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Fig. 2. Digital surface model of the Sovytsia Kitsmanska River basin generated from the
Copernicus DEM (30 m) dataset.

Fig. 3. Spatial pattern of flow accumulation (contributing area) in the Sovytsia Kitsmanska
catchment based on the Copernicus DEM (30 m).
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The development of a digital map of the Sovytsia Kitsmanska River basin is based on a
harmonized system of spatial datasets of different nature and origin, integrated within a single
QGIS 3.34.10 project and complemented by hydrological analysis in SAGA GIS. The input layers
can be conditionally divided into four main groups: a digital elevation model, satellite imagery,
online cartographic basemaps, and vector layers describing the administrative and hydrographic
structure of the territory. Taken together, these datasets provide a comprehensive information
framework for catchment modelling, river-network extraction, and the subsequent cartographic
representation of results.

The key elevation source is the Copernicus DEM (https://browser.dataspace.
copernicus.eu) with a spatial resolution of 30 m, built on the basis of a combination of several
global DEMs using WorldDEM™ as the reference layer. The DEM was downloaded in GeoTIFF
format, reprojected into a unified coordinate system consistent with the other layers, and clipped
to the boundaries of the study catchment.

To characterize the current state of river systems, land use, floodplains, ponds, and
waterlogged areas, Sentinel-2 L2A satellite imagery (True Color) for the interval 26.10.2025
(00:00-23:59) was used, obtained from the Copernicus platform [13].

Online cartographic services connected to QGIS 3.34.10 via the XYZ tiles mechanism play
an important role in building the digital map. Google satellite basemap in the lyrs=s mode was
loaded via the URL https://mtl.google.com/vt/lyrs=s&x={x}&y={y}&z={z} [11]. These images
clearly show field boundaries, shelterbelts, gullies, channels, cascades of ponds, and built-up
areas, which allowed Google imagery to be used as an operational tool for validating modelling
outputs: simulated channels, watersheds, and runoff-concentration zones were compared with
the real patterns visible in satellite images [13, 16, 17].

The OpenStreetMap basemap was connected as an XYZ service Vvia
https://tile.openstreetmap.org/{z}/{x}/{y}.png and served as a vector-oriented “framework” of the
territory. It displays the road network, settlement boundaries, hydrographic objects, and
engineering infrastructure lines.

A detailed national source was provided by the Visicom Maps service, connected to QGIS
as a separate large-scale cartographic basemap via the web interface https://maps.visicom.ua/
Visicom maps contain a much higher density of information on buildings, the block structure of
settlements, field roads, drainage (melioration) channels, individual engineering structures, forest
patches, and other small elements. For the Sovytsia Kitsmanska basin, these data proved to be
crucial for refining the configuration of small watercourses, engineered drainage channels,
cascades of ponds, and local watershed divides.

The structure of vector data in the project was organized in such a way as to ensure full
support for hydrological analysis. Separate layers represent the boundaries of administrative
units, the outline of the Sovytsia Kitsmanska basin obtained from DEM-based modelling and
refined using cartographic materials, the river network with separation into the main channel and
tributaries, the extents of ponds and artificial water bodies, and the boundaries of delineated
drainage sub-basins. All these vector datasets are stored in GeoPackage / ESRI Shapefile format
and are referenced to a single coordinate system—EPSG:3857, WGS 84 / Pseudo-Mercator [16].

Results and discussion. The development of a digital hydrographic model for the Sovytsia
Kitsmanska basin consisted of two logically interconnected blocks: automated derivation of the
primary river network from the DEM in SAGA GIS and subsequent creation of a structured
database in QGIS 3.34.10 [16], where the lines of perennial and temporary watercourses, pond
outlines, and other hydrographic elements were refined.

At the first stage, based on the Copernicus DEM, the following operations were performed
in SAGA GIS: Fill Sinks, Flow Direction, Flow Accumulation, Watershed Basins, and Channel
Network and Drainage Basins [5]. The outcome of this block was a synthetic “skeleton” river
network in the form of a linear layer and polygon boundaries of drainage sub-basins.

The second stage involved creating a thematic hydrography database directly in QGIS [12,
13, 14, 16]. Several key vector layers were produced: the main river channel and tributaries, as
well as the basin boundaries.

Before starting the refinement of the river network and the inventory of water bodies, it was
fundamentally important to establish the correct catchment boundaries of the Sovytsia
Kitsmanska River. The basis for delineating the boundary was provided by the results of
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hydrological modelling in SAGA GIS 9.8, where a standard sequence of operations for preparing
the digital surface model [12, 13, 14, 16, 17] and forming the runoff structure was performed step
by step. The raster and vector layers produced in SAGA were exported to the QGIS 3.34
environment and used as a “framework” for subsequent manual refinement of the basin boundary.
The key technigue at this stage was the combination (overlay) of the exported Flow Accumulation
and Watershed Basins layers (Fig. 4): the accumulation field clearly represents the spatial
organization of runoff and makes it possible to see the “logic” of the catchment along watershed
divides, while the basin layer from SAGA provides an initial automated outline that can be critically
checked and refined. Next, by analyzing these layers in relation to cartographic basemaps—
primarily OpenStreetMap, and additionally cross-checking the configuration against Visicom
maps—the boundary was refined by adjusting it to real landscape elements (watershed ridges,
relief forms, boundaries of the gully—ravine network, and anthropogenic transformations). As can
be seen from Figures 4 and 5, the layers created in SAGA GIS provide sufficient detail and
reproducibility to reliably refine the basin outline so that it correlates with the actual morphology
of the territory and corresponds to reality, while the use of OpenStreetMap at the stage of visual
verification made it possible to minimize boundary-positioning errors in problematic areas (in
particular, in locations of anthropogenically altered runoff and near artificial water bodies). As a
result, the delineated and refined catchment boundary of the Sovytsia Kitsmanska became the
initial spatial framework for the subsequent correct refinement of the river network and water

bodies in QGIS.

Fig. 4. From SAGA to QGIS: Flow Accumulation and Watershed Basins outputs generated in
SAGA GIS 9.8 and transferred to QGIS 3.34

During the work, a key stage was the construction of a unified digital river network of the
Sovytsia Kitsmanska River basin through the comparison and integration of different sources of
geospatial information. For this purpose, Sentinel-2 satellite images, Google online basemaps,
OpenStreetMap and Visicom, as well as the created vector layers of hydrography and
administrative boundaries, were successively combined in QGIS 3.34. These layers were
subsequently merged into a single GeoPackage database with the *.gpkg extension, which
served as a unified container for all spatial information for the basin.
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In the study, a digital elevation model (DEM) downloaded from the Copernicus Browser
portal with a spatial resolution of 30 m was used as the source relief model. This DEM was
adopted as the basic raster foundation for further hydrological modelling in SAGA GIS, since its
level of detail is sufficient for generating derived runoff surfaces and delineating watershed lines
within a small catchment. On this basis, standard operations of terrain preparation and analysis
were performed in SAGA GIS (in particular, removal of local depressions and calculation of runoff
characteristics), and the resulting outputs were subsequently used in QGIS during the delineation
of catchment boundaries and the spatial verification of hydrographic objects.

In parallel, a set of online basemaps was connected to the project, serving as detailed
background and reference material: Google satellite imagery, the OpenStreetMap basemap, and
the detailed Visicom cartographic basemap. All of them were loaded into QGIS in the form of XYZ
tiles services using the corresponding URL templates. The use of several independent basemaps
made it possible, within one working environment, to compare the geometry of vectorized objects
with real landscape references and to control their positional accuracy. In practice, this approach
was used to refine the position of the channel, the shorelines of ponds and dams, and to tie
hydrographic elements to road lines and settlement boundaries, which often serve as stable
spatial reference markers during desktop editing.

It should be emphasized separately that, for verification and refinement of hydrographic
objects, specific Sentinel-2 scenes at the L2A processing level in the True Color visualization for
26 October 2025 (Fig. 5) were used, downloaded specifically for the territory of the Sovytsia
Kitsmanska River basin. The date of 26 October is also suitable for desktop interpretation of small
water bodies under forest-steppe conditions: during this period, the influence of dense deciduous
foliage on masking channel sections and the water surface is often reduced, and the contrast
between the water surface, riparian vegetation, and exposed soils becomes more distinct, which
facilitates identification of stream linearity and pond outlines.

Q roject Sovysi Kitsmansia — QGIS
Toopr fesrmans B o Huasees Duhw Soag Pacis Qe Ofoobssva Josins

[ BERR =20 PP Y 3% L
eaeV.Z2eR@

SEHSABNSBES

v

Fig. 5. Visual baseline for basin mapping: Sentinel-2 L2A (True Color) imagery covering the
Sovytsia Kitsmanska catchment on 26 October 2025 (00:00-23:59)

Refinement of spatial decisions was performed through comprehensive cross-comparison:
Sentinel-2 L2A (True Color) scenes were compared with high-detail Google imagery and detailed
Visicom cartography, as well as with the OpenStreetMap basemap. On the basis of the
assembled raster and cartographic framework, a system of vector hydrography layers was
created. Initially, water objects were digitized as linear layers of the river network (the main
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channel of the Sovytsia Kitsmanska and its tributaries), using open sources as a starting reference
for tracing. After that, positional accuracy was checked by overlaying the digitized lines on
Sentinel-2 L2A (True Color) scenes from 26 October 2025 and on the Google, OpenStreetMap,
and Visicom basemaps. In cases where different sources showed noticeable discrepancies in the
position of a watercourse, priority was given to the configuration that matched the visual channel
features on Sentinel-2 and Google, after which channel lines were corrected using QGIS editing
tools (vertex adjustment, local retracing, and correction of geometry “breaks”). This approach
ensured consistency of the vector river network with the actual spatial position of watercourses
and created a reliable baseline for further analytical calculations and interpretation of catchment
characteristics.

In the process of refining the hydrographic network of the Sovytsia Kitsmanska basin, we
introduced a separate rule for classifying small tributaries and linear runoff elements that are
represented differently across the available cartographic basemaps. If, on one of the basemaps
(Visicom or OpenStreetMap), a watercourse/tributary was marked as temporary (or appeared as
a minor stream without clear indications of perennial flow), while on the other basemap it was
absent, or if a watercourse was shown on one map but not shown at all on the other, we assigned
such an object to the category of temporary watercourses (Fig. 6). The rationale of this approach
is deliberately “conservative” with respect to interpreting flow permanence: discrepancies
between Visicom and OSM are often related not to hydrological “reality” but to differences in
update completeness and to differing principles of mapping small elements of the network.
Therefore, in order to avoid artificially overestimating the length of the perennial river network and
derived indicators (density, stream-order structure, etc.), objects with unconfirmed stability were
recorded as temporary until they could be unambiguously confirmed by independent data (in
particular, Sentinel-2 L2A True Color scenes from 26.10.2025 and Google satellite imagery).
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Fig. 6. OpenStreetMap snapshot of the Sovytsia Kitsmanska catchment near the village of
Vytylivka

By “temporary watercourse” within this study we understood a watercourse whose flow
continuity is disrupted during the year: discharge disappears in dry periods, and streamflow has
a seasonal or episodic character. In modern terminology, such watercourses are classified as
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non-perennial and, according to the USGS glossary [18], they cover at least two practically
important situations: episodic/ephemeral streams, which exhibit flow only in direct response to
precipitation (“flow only in direct response to precipitation”), and intermittent streams, which may
flow only during part of the year and are sustained by rainfall runoff, snowmelt, or local springs;
in contrast to perennial streams, in which water is present in the channel throughout the year
under normal conditions. For desktop interpretation and vectorization in a small forest-steppe
catchment, this gradation is important primarily as a methodological safeguard: minor thalwegs,
ditches, and gullies may be depicted differently across basemaps, and an uncritical assignment
of disputed linear elements to the “perennial” network inevitably inflates the total channel length
and drainage density and affects derived morphometric indicators. Therefore, we applied a
conservative classification rule for delineating such watercourses in our study: if a stream/tributary
on one basemap (Visicom (Fig. 7) or OpenStreetMap (Fig. 6)) was marked as temporary or was
present, while on the other it was absent or not confirmed, the object was assigned to the
temporary category until it was unequivocally confirmed by independent data, primarily Sentinel-
2 L2A (True Color) scenes from 26.10.2025 and Google satellite imagery (Fig. 8). Where
discrepancies in channel position occurred, priority was given to the configuration consistent with
the visual channel features on Sentinel-2 and Google (Fig. 8), after which the geometry was
corrected using QGIS editing tools.

|

=]
Nawkoska

21

Fig. 7. Visicom map view of a Sovytsia Kitsmanska basin fragment near the village of Vytylivka

After harmonizing the vector river network, a separate task was to determine drainage
density as a derived indicator (the ratio of the total length of watercourses to the basin area). To
avoid systematic underestimation of channel lengths in a basin with a large number of ponds, we
accounted for “hidden” channel segments beneath the water surface. If a pond is created on a
watercourse, then the channel upstream and downstream of the pond is fully counted, while the
segment within the pond is counted specifically as the length of the watercourse along the channel
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axis (a line connecting the inflow and outflow of the stream across the water area), rather than as
the pond area. If, however, a pond is off-channel (quarry pond, dugout pond, storage pond) and
is not integrated into a flowing watercourse, it is not included in the channel-network length. In
QGIS practice, this was implemented by preserving the topological continuity of the stream line
through the pond polygon without “cutting” the channel line at the shoreline, while the pond itself
was recorded as a separate polygon object for the purposes of inventorying areas and riparian
zones. Collectively, these decisions allowed us to delineate the Sovytsia Kitsmanska basin river
network as an integral, internally consistent system suitable for subsequent analytical calculations
and interpretations.

Fig. 8. Google Maps satellite view of a Sovytsia Kitsmanska basin fragment near the village of
Vytylivka

To ensure methodological reproducibility and unambiguous further calculations in the QGIS
environment, all elements of the river network were organized into a system of thematic vector
layers with standardized names. In particular, perennial watercourses in the project were
consolidated into the line layer hydro_In_streams_perennial. Linear runoff elements that, based
on comprehensive verification, lacked sufficient evidence of permanence or differed between data
sources were assigned to the layer hydro_In_streams_temporary as temporary watercourses.
Separately, in order to correctly account for impounded (pond-regulated) channel reaches and to
preserve network topological connectivity when calculating lengths, a technical layer of the
watercourse axis within ponds was created—hydro_In_perennial_axis_ponds—in which flowing
channel segments within water bodies are represented by an axial line connecting the stream
inflow and outflow points. As a result, the prepared river network became not only a cartographic
product but also a correct analytical basis for calculating drainage density and interpreting the
spatial organization of runoff in the Sovytsia Kitsmanska River basin (Fig. 9).

The next stage involved developing a methodology for determining the lengths of
watercourses in the Sovytsia Kitsmanska River basin. In QGIS, this approach is based on the
principle of metric correctness of measurements and subsequent aggregation of the results using
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the program’s standard statistical tools. Since the initial project was created in WGS84
(geographic coordinates in degrees), all vectorized linear objects of the river network were first
transformed into a metric coordinate system in order to measure lengths correctly.

Legend:

The boundaries of the Sovytsa Kitsmanska basin
Sovytsia_Kitsmanska_River

Pee hydro_In_perennial_axis_ponds
hydro_In_streams_temporary

hydro_In_streams_perennial

OpenStreetMap

Fig. 9. Building QGIS 3.34.10 layers representing perennial and temporary streams in the
Sovytsia Kitsmanska River basin

For this purpose, the source hydro-network layers were exported and saved as a separate
layer in the WGS 84 / UTM zone 35N (UTM 35N) projection, which was then used as the baseline
for calculations. In the layer properties (the “Fields” section), editing mode was enabled and the
“Field Calculator” was opened, where a new field named length was created with the Decimal
(double) type and with specified field length and precision to ensure storage of fractional values
and sufficient accuracy for short segments. At this stage, it was advisable to create the field as a
virtual field so as not to modify the structure of the source data and to be able to quickly recalculate
values in the event of geometry or projection corrections. In the expression, the geometric function
$length was applied and the conversion from meters to kilometers was performed using a
conversion factor, i.e., the formula $length / 1000 was used. Before running the calculation, it was
verified that “Only update selected features” was not enabled (or, alternatively, that all features in
the layer were selected), after which the calculation was confirmed, yielding for each linear feature
its length in kilometers. Next, the attribute table of the layer was opened and the correctness of
filling the length field was visually checked (absence of continuous zeros and negative values);
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where necessary, individual zero values were interpreted as short artefactual segments and their
location on the map was additionally verified. To obtain the total length of the hydrographic
network, the “Statistics” tool/panel (statistical report) was used for the length field, where the key
summary indicator is the “Sum” row that displays the total length of all segments within the layer.
The same sequence of actions was performed for the temporary watercourses layer: the
corresponding length field was created using the same expression $length / 1000, after which the
“Statistics” tool was used to determine the total length of the temporary network. As a result, the
methodology makes it possible to obtain comparable length values for the perennial and
temporary components—137,274 km and 45,338 km, respectively—as well as the length of the
axis of watercourses within ponds, which is 62,571 km.

Next, for integral assessments of the river-system configuration (in particular, the total
length of =245.2 km) and derived indicators such as drainage density or the share of temporary
watercourses, it is important to ensure that the length attribute can be reused without repeated
recalculation. If the length indicator needs to be applied multiple times, it is advisable to convert
the virtual field into a regular one: either by rerunning the “Field Calculator” and writing the results
into a physical field, or by exporting the layer to a new file in which QGIS will automatically store
virtual attributes as permanent.

As with the calculation of watercourse lengths, the numerical value of the Sovytsia
Kitsmanska basin area was obtained via the attribute table: we created an area field of the
Decimal (double) type and, using the “Field Calculator”, wrote the polygon area into it. Since the
$area function in a UTM project returns area in m?, the conversion to km? was performed using
$area / 1000000. The correctness of the result was checked via the “Statistics” panel for the area
field: with a single polygon, the minimum, maximum, mean, and sum coincide. In our case, the
table records a value of 271.395072804532, i.e., =271.40 km?2.

Drainage density (drainage density) for the Sovytsia Kitsmanska River basin was
calculated by us as the ratio of the total length of watercourses to the catchment area, using the
formula D; = YL /A, where Y Lis the total length of the linear elements of the river network and Ais
the basin area. Based on the QGIS-derived values YL = 245.183km (perennial watercourses
137.274 km + temporary 45.338 km + the length of the watercourse axis within ponds 62.571 km)
and A =271.395072804532km?, drainage density equals D, = 245.183/271.3951 =
0.903km/km? (=0.90 km/km?). At the same time, to ensure comparability with traditional
approaches, where the total length typically includes channel lines without “pond axes”, it is
reasonable to report an alternative value as well: if only the perennial and temporary hydro-
network is considered (182.612 km), then D; = 182.612/271.3951 = 0.673km/km?. The obtained
estimates indicate a moderately high dissection of the catchment by linear runoff elements and,
accordingly, a potential sensitivity of the basin to the spatial organization of overland flow and to
transformations of the channel network under anthropogenic impacts. The structural contribution
of individual components to the total length is uneven: the share of perennial watercourses is
about 56.0%, temporary watercourses about 18.5%, and the axes of watercourses within ponds
about 25.5%, which additionally emphasizes the significance of the pond complex as an element
that “extends” the linear structure of the water network and should be accounted for separately
when interpreting drainage-density indicators and in subsequent calculations of flow regulation
and hydromorphological characteristics of the basin.

Conclusion. Overall, the study confirmed that, for small agricultural catchments with a
high share of artificial water bodies and transformed channels, the decisive factor for obtaining
correct morphometric estimates is the development of an internally consistent, high-detail digital
hydrographic baseline. The stated objective was achieved through a reproducible two-stage
approach: DEM-oriented extraction of the runoff structure in SAGA GIS (DEM preprocessing,
derivation of flow directions and flow accumulation, and delineation of the catchment boundary),
followed by desktop refinement and verification of the river network in QGIS using Sentinel-2
satellite imagery and open cartographic sources. Based on the geocomputational results, a
structured database of watercourses was compiled, distinguishing perennial (137.274 km) and
temporary (45.338 km) line features and separately accounting for “hidden” channel reaches
within ponds through flow-axis lines (62.571 km). This eliminates systematic underestimation of
channel lengths in pond-transformed valleys and increases the comparability of derived indicators
in basin-scale analyses. The refined catchment outline obtained through digital delineation
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yielded an area of 271.40 km?, which is 1.65% larger than the passport value of 267 km?
(Derzhkomvodhosp  Ukrainy, Instytut “Ukrvodproekt”, & Chernivetska filiia instytutu
“Lvivhiprovodhosp”, 1993), and therefore requires cautious comparison of drainage-density
values only under identical definitions of length and area. If our “extended” total river-network
length (245.183 km, including pond reaches) is normalized by the passport area of 267 kmz, the
resulting value is 0.918 km/km?, which differs from the passport value of 0.94 km/km2 by only
=~2.3%; when normalized by our delineated area of 271.40 kmz2, drainage density equals 0.903
km/km2. Such a level of discrepancy is methodologically expected and, in essence, confirms the
adequacy of the constructed GIS model: the main part of the difference relative to the passport
data corresponds to a magnitude of about 5—-6 km of the smallest network links, which are
sensitive to cartographic scale, the rules used to classify disputed tributaries as temporary, and
the evolution of the drainage-and-pond complex. Consequently, the resulting digital hydrographic
baseline is suitable both for reliable morphometric calculations (including drainage density and
indicators of runoff transformation) and for further interpretation in the context of basin
management and assessment of pond impacts on the functioning of the river system.
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BucokopozginbHa uudpoBa rigporpacdiyHa mMoaenb Mamnoro arpapHoro Bogo36opy: T[IC-
iHBeHTapu3auiss Ha OCHOBiI nMporpamMHoro 3abe3ne4yeHHA 3 BiAKPUTMM KogoMm AnA G6acenHy pidyku CoBuus
KiumaHcbka (YkpaiHa)

MaciyHuk M.4., 'puzopitiyyk B.B.

Y cmammi npedcmasneHo e&idmeoptosaHuli [IC-nidxi0 0o ¢hopmysaHHs1 8UCOKOPO3DinbHOI yughposoi
2i0poepagpii manoeo  nicocmernogoeo  8000360py 3  ICMOMHOK  aHMPOMO2EHHOK  MmpaHcgopmayiero,
npodemoHcmpoesaHul Ha npuknadi baceliHy pidku Cosuus KiumaHcbka (YkpaiHa) y 6acelHi [pymy. Memoro pobomu
6yrio ompumaHHs1 y3200XXKeHOi 8eKMOpPHOI 2i0pomepesxi ma noxiOHUX MoOPghoMemMpUYHUX MOKa3HUKig, npudamHux Onsi
rnodanbwux 2idposnoaidHux i 2i0poMopghosio2idHUX OUIHOK. Sk euxiOHy modesnb peribeghy sukopucmaHo Copernicus
DEM (30 m) i3 nodanbworo 06pobkoro 8 SAGA GIS 9.8 (eidponoeidyHuti 6ok Terrain Analysis — Hydrology) dns
odepxarHs1 Flow Accumulation, aesmomamu3ogaHo20 hopMy8aHHSI MEPBUHHOI 2i0poMepexi ma ymOYHEeHHS MeX
8o00360opy (Watershed Basins). lNodanbuwly kameparnbHy eepucpikaujito U pedacysaHHsi sukoHaHo y QGIS 3.34.10 i3
3arny4YeHHsIM KOCMiYHUX 3HiMKie Sentinel-2 L2A (True Color) ma oHnatiH-nidknadok (3okpema OpenStreetMap i Visicom)
K He3anexHux Oxeperi npocmoposoco KoHmpomo. [ns memoduyHoi 0OHO3HayHOCMi 3arposadxeHo npasuso
KOHCcepsamueHoI knacugbikayii mumyacosux 8000mokig i HagedeHO poboye 8U3HAYEHHS MUMYaco8020 8000MOKY SIK
HerocmitiHo2o (non-perennial) i3 ce30HHOK abo erni3o0uUYHOK MepepusYacmMiIcCmI CMOKY, Y3200)KeHEe 3 Cy4acHOH
mepwmiHonozieto (intermittent/ephemeral). Yci enemeHmu Mepexi opzaHi308aHO 8 yHithikogsaHi 8eKMOpHI wapu:
nocmiiHi  eodomoku (hydro_In_streams_perennial), mumyacosi eodomoku (hydro_In_streams_temporary) ma
mexHiyHUl wap ocel npomoyYHUX OifMsHOK pycna 6 mexax cmasekie (hydro_In_perennial_axis_ponds), wo
3abesneyusnio momnosoeiyHy 38’a3Hicmb i KopeKmHul nidpaxyHok 008XuH. 3a pe3ynbmamamu sumiprosaHb y QGIS
nnowa baceliHy cmaHosumb =271,40 kMm% cymapHa 0oexuHa nocmiliHoi eidpomepexi OopieHroe 137,274 Km,
mumyacoeoi — 45,338 km, a doGamkoeo epaxosaHi oci pycen y mexax cmaekie — 62,571 km. BidnogioHo, 2ycmoma
piukogoi mepexi cmaHosumpb 6nusbko 0,90 KM/KM? i3 ypaxyeaHHsIM «cmaskosux ocel» i 6nusbko 0,67 KM/km? 3a
mpaduyitiHozo ridxody (6e3 Hux). [Noka3aHo, W0 8HECOK CKNadHUKig y CymapHYy OO8XUHY € HEPIBHOMIPHUM: MOCMIlHI
8000moku ¢hopmytoms briusbko 56,0%, mumyacosi — 18,5%, a imnoHdo8aHi OinsiHKU pyces, nodaHi «ocsimMuy, —
25,5%, wo MpuHYUNo8o ernnueac Ha iHmeprpemauito MopghoMempuyHUX iHOUkamopie y baceliHax 3i 3Ha4HOH
KinbKicmio 3apeayrnbosaHux 8idmuHkie. OmpumaHa 2idpoepaghidHa b6a3a OaHux po3ansdaembcs K HadiliHa ocHosa
0ns1 noBanbWux OUJHOK pocmopo.ol opeaaHizauii CmoKy, aHarnisy aHmporo2eHHUX erueie i nidmpumKu
800020cnodapchbKux pilueHb Ha pieHi Maro2o baceliHy.

Knro4oei cnoea: sucokopo3dinsHa 2idpozpapist; manuli aepapHuli 800036ip; QGIS; SAGA GIS; Copernicus
DEM; Sentinel-2; aycmoma piukogoi mepexi.

Haditiwna do pedkoneeii 03.12.2025

ISSN:2306-5680 ligponoris, rigpoximis i rigpoekonoris. 2025. Ne 4 (78)

27


https://doi.org/10.33002/nr2581.6853.080106
https://www.qgistutorials.com/en/docs/3/calculating_raster_area.html
https://www.qgistutorials.com/en/docs/3/calculating_raster_area.html
https://doi.org/10.1016/j.jenvman.2019.06.098
https://doi.org/10.18662/po/13.2/462

