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Abstract. Topography is an important factor of land cover. Concurrently, topography and
land cover are significant hydrological regime controls of an area, which, for the purpose of water
management, is represented as a basin system — a network of subbasins connected by the
streamflow. Therefore, this study aims at providing a simple methodology for an automated
delineation of a river basin system, and for its subsequent geomorphometric and land cover
characterization using available global geodatasets.

As a case, we chose the Bystrytsia Pidbuzka basin system of 500 km?, which has a transitional
location between the Carpathian Mountains and the Fore-Carpathian Upland in Lviv Oblast
(Ukraine). Global digital elevation model (DEM) FABDEM V1-2 with a resolution of 30*30 m
was used as a primary geodataset for topography data, while ESA WorldCover V2 2021 with a
resolution of 10*10 m was selected as a primary land cover geodataset. Firstly, we automatically
delineated the basin system by applying hydrology analysis algorithms to the DEM. Secondly,
we used a zonal function to obtain the main geomorphometric indices (mean and standard
deviation values of altitude and slope) for each subbasin. Thirdly, an agglomerative cluster
analysis was applied on the indices to group the subbasins into several topography classes. We
also postprocessed the land cover geodataset and calculated proportions of land cover classes in
each subbasin via a tabulate area function. Then, we used the cluster analysis to group the
subbasins into land cover classes. Finally, correlation coefficients between geomorphometric and
land cover indices of the subbasins were calculated.

The Bystrytsia Pidbuzka basin system consists of 21 subbasins of 4-6" Strahler ranks with
the area of 63—5 038 ha, mean altitude of 259-656 m, and mean slope of 0—13°. The subbasins
form four distinct topography classes: 1. Flat plain subbasins; 2. Undulating plain subbasins;
3. Transitional plain-mountain subbasins; and 4. Mountain subbasins. The subbasins are also
grouped into five classes according to prevailing land cover types: 1. Tree — grass; 2. Tree — grass
— arable; 3. Tree — grass — arable — built; 4. Arable — tree — grass; and 5. Arable — grass — tree —
built. We found the strongest correlation between altitude and slope indices (0.97) as well as
between altitude / slope and tree cover (0.86). The weakest correlation is between slope and built-
up areas (-0.17), which can be partly explained by underrepresentation of built-up areas on the
WorldCover dataset.

Key words: basin system; topography; land cover; geomorphometry; FABDEM; ESA
WorldCover; Carpathian Mountains; Fore-Carpathian Upland.
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Anomauin. Penbed € BaxxmBHM (DaKTOPOM 3E€MHOTO TOKpWBY. BomHodac pemped i
HAa3eMHUH OKPUB € CYTTEBUMH PETYNIATOPAMH T1APOIOTIIHOIO PEKUMY TEPUTODIi, AKY, 3 METOIO
YIOpaBIiHHA BOJHUMH PECypcaMH, IPEACTaBISAIOTh K 0acelHOBY CHCTEMY — MEpPEexy
cy0baceiiHiB, MMOB’A3aHAX PYCIOBHUM CTOKOM. TOMy HaHe NMOCTI/KCHHS Ma€ Ha METi HaJIaTH
MPOCTY METOIOJIOTIIO ISl aBTOMATH30BaHOTO BHIIICHHS PIYKOBOT 0ACCHHOBOT CUCTEMH, a8 TAKOXK
Ut i TOJambInol XapaKTEPUCTHKH 3 OTISAAY Ha reoMOpPPOMETPI0 Ta CTPYKTYPY HA3eMHOTO
MOKPHUBY Ha MIJICTaBi 3arallbHOAOCTYIHHUX IJIO0ANbHUX TeoJaHuX. SIK NpHUKIaJ MH 00pau
bacerinoBy cuctemy buctpui [1in0y3pkoi miormeto 500 kM?, sika Ma€e epexiHe PO3TAITyBaHHS
Mk Kapnarcekumu ropamu Ta Ilepenkapnarchkoro BHCOYMHOI0O Yy JIBBIBCBKIH 00macTi.
I'mo6anpna ungposa mozpens Bucot (LIMB) FABDEM V1-2 3 pozginshictio 30%30 M Oyua
BUKOpHCTaHa SIK TEPBHMHHI reojaHi npo penbed, a reomani ESA WorldCover V2 2021 3
pozaineaicTio 10*10 M Oynu oOpani sk mkeperno iHdopMarii mpo HazeMHu mokpus. [To-neprre,
MH aBTOMAaTHYHO BHIUTHIM 0aceiHOBY CHCTEMY 3aCTOCYBABIIM aJTOPHUTMH TiJpOJIOTiYHOTO
ananizy no [IMB. Ilo-apyre, Mi BHKOPHCTAIN 30HATBHY (YHKIIIO IS OTPUMAaHHSI OCHOBHHUX
reoMOp(POMETPUIHNX TMOKA3HHUKIB (CepeqHhOrO 3HAYEHHS Ta CTAaHOAPTHOTO BiIXIICHHS
ANBTUTYIN Ta YXWIy) IS KOKHOTO cyOOacerny. [To-Tpere, M0 IMHMX MOKa3HUKIB 3aCTOCYBaIH
KJIaCTepHHUH aHaj i3 Ta 3rpymyBaid cybOaceiHHM y Kilbka KiaciB peabedy. Mu Takox
OTIPALIIOBAIIY T€0/]aHi HA3€MHOTO MMOKPHUBY Ta PO3paxyBaly MPOMOPIIii HOro KJIaciB y KOXKHOMY
cyObacetini 3a nonomororo (yHkii TadyntoBanHs mwionl. [ToTiM MU 3rpynyBaT cybdaceiiHu 3a
KjlacaMM Ha3eMHOTO IIOKPHBY 3a JOIOMOIOI0 KJacTepHoro aHaiizy. Ha 3aBepuieHHS,
po3paxyBayii  KoedillieHTH Kopeusuii MDK reoMophOMETPUYHUMH  TOKa3HUKaMH  Ta
MOKa3HUKaM{ Ha3eMHOTO OKPHUBY CyOOacelHiB.

BaceitnoBa cucrema bucrpuni IlinOys3pkoi ckiagaersess 3 21 cyObaceitny 4-6 paHris
Crpanepa miomiero 63—5 038 ra, cepelHbOI0 BHCOTOIO 259—-656 M Ta cepenHiM yxmiaom 0—13°.
Cy00aceiiHu 3rpyIryBaiii y YOTHPH KiacH penbedy: 1. [Inacki piBauHHI; 2. XBIIACTI piBHUHHI;
3. [Mepeximui piBHUHHO-TipCEKI; 4. [ipchki. Cy00aceiiHu TakoX MOJUIMIH HA HA IT'STh KJIACiB 3a
MepeBaXarOuNMU TUTIAMH Ha3eMHOTO MOKpUBY: 1. JlepeBa — TpaBa; 2. JlepeBa — TpaBa— pimis; 3.
Jepesa — TpaBa — pimns — 3a0ynoBa; 4. Pinns — nepeBa — TpaBa; 5. Pimns — tpaBa — gepeBa —
3a0ynoBa. MU BUSIBIIIN HAHCHIIBHIIITY KOPEJAIi0 MK TIOKa3HUKaMU anbTUTyau Ta yxwiy (0,97),
a TakoXX MK aJbTHTYIOI/ yXwioM Ta aepeBHMM mokpuBoM (0,86). Haiiciabmia kKopemsimis
CIOCTEpIraeThCsl MK yXwioM Ta 3a0ymnoBoro (-0,17), 110 YacTKOBO MOXKHA MOSCHUTH
HEIOCTATHIM BiIOOpaXKeHHAM 3a0yaoBaHuX TepuTopiit y reomanux WorldCover.

Kniouosi cnoea: OaceiiHoBa cucTeMa; penbed; Ha3eMHUH NOKpHB; reomopdoMerpis;
Kapmaru; [Tepeaxapnarts; FABDEM; ESA WorldCover.

Introduction. Topography is an important factor of local climate, current
exogeneous geomorphic processes, soil, as well as of natural and anthropogenic land
cover. At the same time, both topography and land cover significantly contribute to the
formation of slope and channel runoff and thus are important hydrological regime
controls of an area. Therefore, topography and landcover are essential features of river
basin (watershed) systems, which provide spatial framework for water management.
Unlike topography or geology, land cover is a rather dynamic landscape feature, which
is used to sustainably manage hydrological regime and to adapt to changing climatic and
economic conditions (e.g., Lenton, 2011). Rather detailed topography (Meadows et al.,
2024) and land cover (Xu et al., 2024) geodata are freely available at a global scale now,
and they can be used to efficiently characterize basin systems and to assess their
sustainability from the perspective of regional and global changes.

Therefore, the goal of this study is to provide a simple methodology for an automated
delineation of a river basin system, and for its subsequent geomorphometric and land
cover characterization using freely available global geodatasets, geospatial statistics, and
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cluster analysis. As a case, we selected a basin system of a medium river — the Bystrytsia
Pidbuzka — which is representative for the North-Eastern megaslope of the Carpathian
Mountains and Fore-Carpathian Upland, and has diverse natural and economic
conditions. We hypothesized that topography has a pronounced effect on land cover
within the basin system units — subbasins. We also used a deductive approach to
environmental classification of the subbasins according to their water-regulating
capacity (e.g., Olden et al., 2012).

Study area. The Bystrytsia-Pidbuzka River, a right-hand tributary of the Dnister, is
entirely situated within Lviv Oblast, Ukraine (insert map at Fig. 2). The study area covers
a river basin of 500 km?, with its pour point at the confluence with the Tysmenytsia
River. The main channel stretches for 79 km. Both the Bystrytsia-Pidbuzka and its left
tributary, the Cherkhava, originate from the Marginal and Dnister Beskydy regions
belonging to flysch low Carpathian Mountains. The middle and lower sections of the
basin feature broad valleys and undulating interfluves of the Upper Dnister Fore-
Carpathian Upland. Elevations range from 255 m at the confluence with the Tysmenytsia
in the east to 858 m at Vydilok Mountain on the southwest boundary of the basin. The
Carpathian interfluves consist of silty-sandy shale (flysch) covered with relatively thin
layer of eluvial-colluvial rocky loam, while the Fore-Carpathian interfluves are made up
of old alluvial deposits with colluvial loam on top. The wide valley bottoms are filled
with Holocene alluvial loam and lacustrine deposits (peat and silt), with the floodplains
and channels composed of sand-pebbles in the upper flow and loam in the lower flow
(DHS, 2009; Kruhlov et al., 2024).

According to the Koppen-Geiger climate classification, the macroclimate is of Dfb
class — cold, without dry seasons, and with warm summers (Peel et al., 2007). The nearest
weather station in Drohobych (altitude 277 m) recorded an average air temperature of -
3.4°C in January and +18.1°C in July, and an annual precipitation of 744 mm (Shuber,
2018). Interfluves of the mountainous part of the basin are characterized by
predominantly brown forest loam-scree soil (Dystric Cambisol), while for the undulating
interfluves of the Fore-Carpathian Plain is typical brownish-podzolic pseudogley soil
(Staginc Albeluvisol). Valley bottoms are occupied by alluvial and boggy soils (Luvsiol,
Fluvisol) as well as peat (Grunty..., 2019; Transformation..., 2008). Most wetlands have
been drained, and natural forest cover has been reduced, especially in the plain part of
the basin. Natural ecosystems have been replaced by agricultural fields, forest
plantations, and settlements. In the lower flow, there is a hydropower plant with a small
reservoir, and the river channel has been canalized and confined by dikes.

Conceptual framework. A river basin system is conceptualized as a
transmorphogenic geoecosystem — a geoecological model, which affords studying
convergent gravitational flows of water and air. The model is used to study the effect of
weather and climate as well as of different landscape structures and processes, including
topography and land cover, on properties of the channel runoff at the basin’s pour point.
Large river basins are usually represented as a hierarchical structure consisting of
subbasins linked by the channel runoff. Subbasins are essentially heterogeneous
landscape units, and therefore they are characterized as combinations of different
hydrotopes (hydrologic response units). The latter are areas with relatively homogeneous
landform, soil, and landcover conditions, and thus with similar type of hydrologic
functioning (Kruhlov, 2020; Neitsch et al., 2011).
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A river basin system can be automatically delineated using topography geodata (a
digital elevation model — DEM) and special hydrological modeling algorithms in a
geographic information system (GIS) environment. The same topography data afford
calculation of geomorphometric indices (mean altitude, slope etc.) of each subbasin via
GIS zonal statistics function (Xiong et al., 2022). While the altitude index is a proxy of
climate conditions, the slope index implies on the intensity of gravitational processes
within a subbasin. A tabulate area algorithm, which is a category of GIS zonal functions,
is used to calculate areas and proportions of different land cover categories within
subbasins. The land cover categories are delimited and ordered according to the
precipitation and soil water retention capacity (from strongest to weakest): tree cover,
grassland, arable land, and built-up areas. Proportions of the landcover cover categories
afford judging about water-regulating capacity of subbasins — e.g., the larger the
proportion of tree cover as the most potent water retention landcover category, the higher
is the water-regulating capacity of a subbasin (e.g., Zhang et al., 2017). Cluster analysis
can be used to independently classify the subbasins according to two groups of variables
— geomorphometric and land cover.

Global geodata. We used two freely-available global geodatasets in the study —
FABDEM V1-2 for delineation of the basin system and its geomorphometric
characterization and ESA WorldCover V2 2021 for the description of the subbasins from
the standpoint of their land cover composition. FABDEM V1-2, which is available at
(https://data.bris.ac.uk/data/dataset), is an enhanced version of the global Copernicus
GLO 30 DEM (https://spacedata.copernicus.cu/  collections/copernicus-digital-
elevation-model) and has a ~30 m horizontal resolution at the equator. FABDEM is
corrected for topography distortions caused by tree cover and buildings, and thus, in
comparison with the Copernicus GLO 30 DEM, its absolute vertical error is reduced
from 1.62 m to 1.12 m for built-up areas, and from 5.15 m to 2.88 m for tree-covered
areas (Hawker et al., 2022). In comparison with other global DEMs of the same
resolution (Copernicus DEM, NASADEM, AW3D30, and SRTM), FABDEM
demonstrates superior accuracy, especially for low-gradient areas with tree cover
(Meadows et al., 2024).

ESA WorldCover V2 2021 dataset, which shows global land cover categories for
2021, is produced via automative classification of Sentinel-1 and Sentinel-2 satellite
multispectral images and has a resolution of 10 m. The geodataset contains 11 categories
of land cover: 1. Tree cover; 2. Shrubland; 3. Grassland; 4. Arable land; 5. Built-up;
6. Bare ground / sparse vegetation; 7. Snow and ice; 8. Permanent water bodies;
9. Herbaceous wetland; 10. Mangroves; and 11.Moss and lichen (https://esa-
worldcover.org/en). In comparison with other global land cover datasets of 10-m
resolution, such as ESRI Land Use/ Land Cover or Google and WRI Dynamic World,
ESA WorldCover has the highest accuracy of 73-84%. The latter varies depending on
the land cover class and landscape (Xu et al., 2024).

Material and methods. We processed geodata using ArcGIS Pro
(https://pro.arcgis.com) and WhiteboxTools (https:// www.whiteboxgeo.com) software,
while cluster analysis was realized via Statistica software package
(https://www.statsoft.de/data-science-software/tibco-statistica). = The workflow is
visualized in Fig. 1. FABDEM V1-2 was the primary dataset used for the basin system
delineation and geomorphometric characterization along with the official vector dataset
of the river network of Ukraine provided by the State Agency of Water Resources
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(SWAR; http://geoportal.davr.gov.ua). DEM data covering the study area were clipped
out from the global dataset and projected into UTM coordinates with a resolution of
30*30 m. The river network data were rasterized with the same resolution of 30*30 m
and “deepened” into the DEM by 2 m via a local map algebra function. We used
WhiteboxTools hydrologic analysis algorithms to produce a hydrologically-corrected
DEM as well as derivative flow direction and flow accumulation datasets. After this, we
generated watercourse network from flow accumulation data using empirical threshold
of 10 ha (111 raster cells) for a minimum catchment area resulting in a stream. The
watercourses were assigned Strahler ranks, and subbasins were delineated for the links
of 4™ order and higher. The subbasins raster dataset was converted into vectors, and
small polygons (less than 10 ha), which were mainly modelling artifacts, were
eliminated. We assigned unique indices to the subbasins, which reveal their Strahler
ranks as well as topology — connectedness via the channel flow. Zonal statistics functions
were used to calculate mean values and standard deviations of altitude and slope for each
subbasin. The geomorphometric indices were imported into the statistical package, the
values were standardized, and an agglomerative cluster analysis with Euclidian metrics
was applied to facilitate topographic classification of the subbasins.

SAWR ESA land cover
river network FABDEM classes 2021 OSM roads
Hydrologically- Generalized
corrected DEM land cover classes
Y -

Watercourses Subbasins | Subbasins

(Strahler ranking) zonal statistics topography

classes

A Subbasins

’—b land cover
'
C

Fig. 1. Geodata processing workflow

Subbasins
cluster analysis,

Subbasins

Land cover data for the study area were clipped out from the ESA WorldCover V2
2021 dataset and retained original 10*10 m resolution. The clipped dataset contained
five land cover classes: 1. Tree cover, 2. Grassland, 3. Arable land, 4. Built-up, and
5. Permanent water bodies. Visual inspection of the geodata suggested
underrepresentation of built-up areas and roads, which create impermeable surfaces and
hence are important for the deductive classification of the basin system. Therefore, we
imported buildings and the main paved road geodata from the vector OpenStreetMap
(OSM; https://www.openstreetmap.org), rasterized them and mosaiced with the
WorldCover geodataset. After this, we generalized the dataset by eliminating small areas
of less than 5 cells — 0.05 ha. Then, we applied a zonal function (“tabulate area”) to
calculate areas and proportions of land cover classes in each subbasin. The proportions
values were imported into the statistical software and analyzed (clustered) in the same
way as the geomorphometric indices to classify the subbasins according to land cover
structure (see Fig. 1). Finally, we calculated correlation coefficients between the
geomorphometric indices and land cover proportions in the basin system.
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Results and discussion. The Bystrytsia Pidbuzka basin system has an area of
50 005 ha, the mean altitude of 416 m with a standard deviation of 139 m, and the mean
slope of 5.5° with a standard deviation of 5.8°. We delineated 21 subbasins of the 4-6
Strahler ranks with the area varying from 63 ha (SB100) to 5 038 ha (SB431) (Fig. 2;
Table 1). Their mean altitude changes from 259 m (SB100) to 656 m (SB622), while the
mean slope — from 0° (SB100, SB201) to 13°(SB620). Correlation coefficient of 0.97
reveals very strong interconnection between mean altitude and slope values in the basin
system. Standard deviation values of altitude and slope within the subbasins indicate
topographic heterogeneity of the latter. Naturally, the most topographically
homogeneous are flat subbasins (SB100, SB201), while the most heterogeneous is the
mountainous subbasin SB601 with standard deviations of altitude and slope reaching
101 m and 7° respectfully. Agglomerative clustering on the geomorphometric indices
afforded delineation of four subbasin classes: 1. Flat plain subbasins; 2. Undulating plain
subbasins; 3. Transitional plain-mountain subbasins; and 4. Mountain subbasins (Fig. 3).
Flat plain subbasins are located at the NE extremity of the study area belonging to the
alluvial-lacustrine Upper Dnister Depression (Kruhlov et al., 2024) and occupy 4 686 ha
or 9.4% of the basin system. Their mean altitude is 263 m and mean slope is around 0°.
Undulating plain subbasins occupy 19 066 ha or 38.1% in the middle part of the basin
system formed by the denudation-and-alluvial Upper Dnister Upland. Their mean
altitude and slope are 311 m and 2° respectively. Transitional plain-mountain subbasins
have a boundary location between the Upper Dnister Upland and the Marginal Beskydy
low flysch mountains belonging to the Carpathians. Their share in the basin system is
11 783 ha or 23.6%, and the mean altitude and slope are 431 m and 6° respectively.
Mountain subbasins are completely located in the Marginal and Dnister Beskydy low
flysch mountains (Kruhlov et al., 2024). They occupy 14 479 ha or 28.9% of the study
area, have a mean altitude of 586 m and a mean slope of 11°.

ESA WorldCover geodata contain five land cover classes within the Bystrytsia
Pidbuzka basin system: 1. Tree cover, which occupies 26 278 ha or 52.5%; 2. Grassland
with a share of 9 654 ha or 19.3%; 3. Arable land of 13 255 ha or 26.5%; 4. Buit-up areas
(with roads) of 764 ha or 1.5%; and 5. Water surfaces, which cover 55 ha or 0.1% of the
study area (Fig. 4; see Table 1). Visual comparison with a high-resolution satellite image
witnessed significant underrepresentation of built-up areas and water surfaces at
WorldCover data, and therefore we basically excluded these two land cover classes from
the analysis. Agglomerative clustering of the subbasins on the proportions of the land
cover categories afforded delineation of five classes: 1. Tree — grass; 2. Tree — grass —
arable; 3. Tree — grass — arable — built; 4. Arable — tree — grass; 5. Tree — grass — arable
— built (Fig. 5). The tree — grass class encompasses six subbasins and occupies 24.8%
(12 397 ha) of the basin system. The subbasins have on average 80.0% of tree cover and
16.2% of grassland, and all belong to the topographic category of mountain subbasins
(see Fig. 3). The tree — grass — arable class contains three subbasins and has a proportion
of 18.5% (9 240 ha) with an average tree cover of 67.5%, grassland 17.5%, and arable
land of 14.3%. These are two transitional plain — mountain subbasins plus a small flat
plain subbasin at the lowest flow of the river limited by dykes. The tree — grass — arable
— built class consists of four subbasins and occupies 16.3% (8 164 ha). It has an average
tree cover of 59.1%, grassland 24.6%, and arable land of 14.1%. Unlike the two previous
classes, this one has a significant portion of the area (2.2% on average) under buildings
and roads. The four subbasins belong to different topographic classes: undulating plain,
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Fig. 2. Bystrytsia Pidbuzka basin system. Location, topography, and geomorphometry
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Table 1. Bystrytsia Pidbuzka basin system. Geomorphometric indices and land cover
proportions within individual subbasins (see Fig. 2 and 4)

SB- Area | po AltM? | AltS* | SlpM® | SIpS® | Tree’ Grs? Arbl®

D! (ha) (m) (m) (deg.) | (deg.) () (%) (%)
SB100 63 6 259 1 0 0 59.9 224 17.6
SB200 | 1367 6 277 11 2 2 26.9 279 38.3
SB201 | 4623 4 267 6 0 1 6.3 18.5 74.1
SB300 | 1470 6 286 14 2 3 28.2 29.7 38.1
SB301 | 4644 4 293 18 1 2 313 18.7 48.2
SB400 987 6 302 17 3 3 36.1 394 23.1
SB410 | 4515 5 318 23 2 2 373 18.6 423
SB420 910 5 329 21 3 3 37.8 20.8 40.8
SB421 | 1688 4 332 15 2 2 21.7 18.2 58.3
SB432 | 4139 4 419 70 6 4 75.2 14.5 9.3
SB431 | 5038 4 464 99 7 5 67.4 15.5 16.1
SB500 | 2 606 6 410 87 6 6 63.1 20.7 13.8
SB501 | 3485 4 349 43 3 3 46.7 26.2 25.8
SB600 | 1491 6 513 83 10 5 66.5 233 6.8
SB601 | 4523 4 567 101 11 7 75.0 18.1 5.6
SB610 582 5 528 68 10 4 60.1 28.0 10.0
SB611 1281 4 574 52 10 5 84.2 14.1 1.3
SB612 | 2177 4 612 71 11 5 81.3 14.8 2.7
SB620 | 2046 5 592 89 13 6 81.4 14.0 35
SB621 | 1085 4 647 60 11 5 81.4 16.1 1.5
SB622 | 1285 4 656 64 11 5 76.5 20.1 2.6
Whole

basin | 50 005 6 416 139 6 6 52.5 19.3 26.5
system

ISB-ID — subbasin index (see Fig. 2 and 3); R — rank according to Strahler; AltM — mean
altitude; *AltS — altitude standard deviation; *SlpM — mean slope; °SlpS — slope standard
deviation; "Tree — tree cover proportion; 8Grs — grassland proportion; °Arbl — arable land
proportion.

transitional, and mountain. The arable land — tree — grass class is represented by four
subbasins and has a share of 23.5% (11 575 ha) in the basin system. On average, arable
land occupies 47.4%, tree cover — 32.0%, and grassland — 19.1%. The subbasins
exclusively belong to the undulating plain topography category. The arable land — grass
— tree — built class also encompasses four subbasins and occupies 16.9% (8 447 ha) of
the basin system. On average, proportion of arable land is 43.4%, of grassland — 28.9%,
and of tree cover — 24.4%. This class also has a significant portion of area under buildings
and roads — 2.9% on average. From the standpoint of topographic classification, the
subbasins fall into the categories of undulating and flat plains.
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Fig. 3. Dendrogram representing clustering of subbasins on mean values of altitude and
slope. The values are provided in Table 1. See also Fig. 2

In the Bystrytsia Pidbuzka basin system, there are strong correlations between the
geomorphometric indices and proportions of tree cover and arable land. The tree cover
proportion has the same positive correlation coefficients with the mean altitude and mean
slope, which equal to 0.86. The arable land proportion has negative correlation
coefficients of -0.81 with the mean altitude and -0.84 with the mean slope. Conversely,
there is a weak negative correlation between the grassland proportion and the topography
—-0.46 with the mean altitude and -0.38 with the mean slope. Even weaker are negative
correlations between built-up areas (with roads) and the topography — -0.26 with the
mean altitude and -0.17 with the mean slope.

Strong positive correlation between the topography and the tree cover as well as
strong negative correlation between the topography and the arable land proportion
witness generally sustainable land cover structure in the Bystrytsia Pidbuzka basin
system. Mountain subbasins, which have relatively high flash flood and erosion potential
are forested by over 60% and contain only a small portion of arable land. Thus, their
water-retention and water-regulating capacity is also relatively high and is in line with
harsher geomorphic and climatic conditions. Conversely, plain subbasins with low
erosion and flash-flood potential are more intensively used for crop production, which
decreases water-retention capacity. Low negative correlation between the topography
and the grassland proportion is quite expected — grassland, which is associated with non-
intensive agricultural land use, is less sensitive to geomorphic conditions. Weak negative
correlation between the topography and the built-up area proportion can be explained by
two factors. The first factor is geographic reality, which witnesses rather even
distribution of settlements across the plain and mountain subbasins. Moreover, in the
mountain subbasins, buildings sometimes form denser structures in narrow valley
bottoms than in the plain subbasins. The second factor is connected with the WorldCover
geodata, which underrepresent areas with dispersed building structures.
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Fig. 4. Bystrytsia Pidbuzka basin system. Land cover structure as of 2021.
Circle charts represent shares of land cover classes within subbasins
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Fig. 5. Dendrogram representing clustering of subbasins on proportions of land cover
classes. The values are provided in Table 1. See also Fig. 4

Conclusions. The Bystrytsia-Pidbuzka basin system, despite its relatively small
area, has diverse topography caused by transitional position between the mountains and
the plains. Tree cover and arable land — two primary land cover classes with,
respectively, high and low water-retention capacity — demonstrate strong and sustainable
dependance on the topography at a subbasin spatial level. This circumstance gives
ground to positively evaluate sustainability of land cover and land use structure in the
basin system. This also makes the Bystrytsia-Pidbuzka basin system an interesting model
area for further hydrological and geoecological studies in the NE drainage sector of the
Carpathian Ecoregion.

FABDEM V1-2 global dataset turned out to be a good geodata source for the
delineation and geomorphometric characterization of a basin system at a local and
regional levels, including parts of flat terrain. However, additional modification of the
DEM by “deepening” of the precisely mapped drainage network improves its accuracy
in flat areas. ESA WorldCover V22021 geodataset provides generally accurate
information, which is very helpful for the assessment of a basin system from the
standpoint of water-retention capacity of the land cover. Yet, built-up areas of low
density are somewhat underrepresented in this dataset. Zonal statistics, including
“tabulate area” function, is crucial for quantitative characterization of a basin system,
and its outputs can be efficiently used for further classification of subbasins via cluster
analysis.
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