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Abstract. The article is devoted to the study of the agroecological state of the river basins of the Crimean Peninsula's agricul-
tural zone and their typification by the occurrence of soil degradation processes and the degree of the anthropogenic impact using
the basin approach. The basins of fourth order (according to the Straler-Filosofov system) were used as the basic assessment units
(with the exception of the territory of Mountainous Crimea and the Southern Coast basins). Using geoinformation systems and
remote sensing data, an analysis of the spatial distribution of eight indicators was carried out: forest cover, pressure coefficient,
erodedness coefficient, the share of saline soils, karst cavities areas density, LS-factor, elevation difference, and drainage density.
For an objective identification of basin types, the kernel K-means clustering method was chosen implemented in the ArcGIS soft-
ware. It has been found out that two key attributes of soil degradation, including erodedness and salinity levels, have a strong
influence on distinction of groups from each other. Forest cover and geomorphological factors (LS-factor and elevation difference)
have a noticeable influence. Pressure coefficient and karst cavities areas density does not have a significant impact on the identifi-
cation of types.

As a result, four spatially homogeneous basin groups were identified. Basins with soil salinization (34 % of the study area) are
located east of the Bakal Peninsula along the northern border of Crimea, including the Syvash region and the entire Kerch Penin-
sula. It is characterized by the biggest share of saline soils (92,2 %) with a minimum erodedness coefficient (0,02) in the soil cover
structure and low forest cover (0,6 %). Basins with maximum agricultural load (38 %) are located in the central part of the Crimean
Plain. These territories are more involved in crop production than the other areas due to favorable geomorphological and soil and
climatic conditions. It has been found that 77 % of the territory of this type is plowed up or allocated to gardening and viticulture.
Basins with water erosion risk (21 %) are located predominantly along the foot of the northwestern macroslope of the Crimean
Mountains and in northwestern Crimea. It is most eroded one compared with the (0,25), and geomorphological conditions create
increased risks of water erosion processes, as evidenced by high values of the LS-factor (0,9) and elevation difference (75,3 m).
For basins with an increased risk of exogenous geomorphological processes (7 %) characterized by the greatest distribution of
karst. Specific land use problems have been identified for each type of basin, and ways to address them have been proposed. In
terms of the land management, the identified territorial groups of basins can serve as primary differentiation units for priority soil
protection measures.
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Introduction

Over the past decade, the state of the Crimean agricul-
tural sector has undergone significant transformations un-
der conditions of the changing socio-economic situation.
The high agro-climatic potential of the peninsula brings
about favorable conditions for development of crop pro-
duction, which has resulted a high degree of the agricul-
tural development: a third of Crimea's land is allocated
for the cultivation of field crops, orchards, and vineyards.
Even the closure of the North-Crimean Canal which pro-
vided up to 85 % of the Crimean Peninsula's water de-
mand did not lead to the crop production area reduction.
This is connected with the overall economic growth and
the absorption of unused lands: there was an increase in
the farmland area by 14 % from 2015 to 2020.

Alongside the intensive development of the agricul-
tural sector in the peninsula, conditions are brought about
for risky farming associated with the strengthening of soil
degradation processes [Ergina et al., 2023], including
those which have intensified during the period of the fresh
water shortage [Tabunshchik et al., 2021]. Negative
changes in the Crimean soil resources are caused by in-
tensive plowing, leaving the surface without vegetation,
irritation without drainage systems, non-compliance with
the balance of nutrients, and the use of heavy cultivating

equipment. Meanwhile, there are also problems in the
spatial land use management in: the system of land use is
disrupted, all the previously used lands are not absorbed,
stripped farming, curvedness, complex configuration,
wedging, outland, and interspersion have been found.

Soil degradation is included in the list of key threats
in the Strategy for Environmental Security of the Russian
Federation until 2025. This is also reflected in the Strat-
egy of Social and Economic Development of the Repub-
lic of Crimea until 2030, which states that the soil fertility
decline and reforestation work extent reduction impedes
the formation of a sustainable natural environment. How-
ever, soil management practice often underestimates the
significance of the declared threats. Thus, according to
Rosstat, environment protection costs in the agricultural
sector of the Republic of Crimea have decreased 5 times
since 2015, and in 2021 they constituted less than 0,1 %
of the total costs of environmental protection activities in
the region.

With the rapid development of the agricultural sector
in the region, a balanced approach is required to solving
soil and water protection problems and forming a sustain-
able land use. Various methods of rational territorial or-
ganization and its assessment were previously proposed
for the Crimean territory, such as land zoning according
to agro-ecological characteristics [Badenko et al., 2020;
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Melnichuck, Zackalichnaya, 2021], landscape planning
within the boundaries of administrative-territorial entities
[Kalinchuk, Kudrian, 2019], as well as the basin approach
[Ivankova, 2020; Buryak, 2021; Tabunshchik et al.,
2022].

We see the basin approach as the most optimal way to
solve the problems of preserving the soil and water re-
sources of the territory. The basin concept of nature use
combines the principles of landscape planning with keep-
ing track of the hydrological features of the catchment ba-
sin [Lisetskii, 2021; Dmitrieva, Zhigulina, 2020]. This
approach provides the implementation of comprehensive
solutions to protect soils and water in entire river basins,
including through regulation of surface water drainage,
the water flow through soils, and soil erosion in agricul-
tural landscapes [Lisetskii, Buryak, 2023].

When carrying out land management activities, the
zoning of the territory is especially important. Fundamen-
tal zoning units include ecological and economic zones,
similar areas in terms of ecological and economic charac-
teristics, and homogeneous areas [Komarov et al., 2019;
Nabati et al., 2020]. An important feature of identifying
agroecological areas of the same type is that their bound-
aries are brought to light not by random or statistical, but
by genetically predetermined features of the territory,
which bring about the natural and historical interconnec-
tion of individual parts of the same type of area and their
interdependence in the chain of economic ties. A river ba-
sin can be such a unit.

The river basin as an integral natural formation, which
is a meeting point for flows of substances and energy, is
to be considered from the perspective of operational ter-
ritorial units of integrated environmental monitoring. In
recent years, sustainable land use has been justified not
for individual economic areas but within the boundaries
of complete basins that integrate separate subsystems of
landscape architecture according to common features of
hydrofunctioning [Mukharamova et al., 2020; Yermolaev
et al., 2022; Buryak et al., 2022].

When zoning, agroecological resources should be re-
viewed in close connection with forest, water, recrea-
tional, managerial and business resources to reflect the set
of all conditions for the development of the agroindustrial
complex [Novikov, Novikov, 2021]. The objective of en-
vironmental zoning is to identify the compliance of the
proposed land use options with their natural potential.
Zoning should establish the environmental priorities and
constraints that should be followed when using them in
order to prevent the occurrence of environmental prob-
lems.

The purpose of the study was an integral assessment
of the environmental and resource condition of the Cri-
mean Peninsula using the basin approach, typification of
river basins by the agroecological state and development
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of degradation processes to substantiate soil and water
protection measures.

Materials and methods

The study area. Provide The Crimean Peninsula in the
south of the East European Plain with a relatively small
area (about 27,000 square kilometers) is characterized by
a high natural and landscape diversity (Fig. 1). The barrier
effect of the Crimean Mountains in the south of the pen-
insula forms a sort of “reverse” zonality of the Plain Cri-
mea: in the north of the peninsula, there are semi-desert
steppe locations: further to the south, typical steppe, then
forest-steppe and forest locations are found landscapes
[Pozachenyuk, 2019]. The history of agrarian develop-
ment of Crimea lands is as long as several thousand years.
There was a significant change, especially in the natural
landscapes on the peninsula during the Great Greek Col-
onization of Northern Black Sea coast, when several ma-
jor agricultural zones emerged in Crimea and the subse-
quent agricultural impacts on the soils continued for a
millennium [Lisetskii, 2019].

The study covered the basins where land use was
dominated by the arable farming sector: the Plain Crimea
(including North Crimean Lowland steppe, Tarkhankut
Upland, Central Crimean Plain steppe and Kerch hilly-
ridged steppe) and Foothill forest-steppe. The Crimean
Mountains and South Coast of Crimea were not analyzed
in this study since they have more tourist and recreational
specificity of land use.

The authors analyzed Crimea's basin structure [Li-
setskii, et al., 2020] by using GIS based on the processing
of SRTM (Shuttle radar topographic mission) data with a
resolution of 3 arc seconds with detailing by using topo-
graphic maps at a scale of 1 : 100,000. SRTM resolution
is suitable for studies of this scale, and its spatial analysis
provides the necessary details and helps to define accu-
rately the boundaries of the basins [Esin et al., 2021] and
its morphometric characteristics.

The automatic analysis of the digital elevation model
(DEM) identified 6 000 erosional forms of various hier-
archies. Their watersheds were grouped at the level of 4th
order basins (according to the Straler-Filosofov system)
(Fig. 2).

For the Crimean Plain, permanent watercourses func-
tion, starting mainly from the 4th basin order, which oc-
cupy 52 % of the territory of the peninsula. In addition to
the 4th basin order, individual basins of 1st-3rd order (if
the mouth of the main erosional form was adjacent to the
coastline) and the 5th and 6th order territories situated
near the riverbed were identified. The coastline also has
areas with runoff towards the sea without a pronounced
main erosion form, which were not involved in the anal-
ysis.
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Fig. 1. Physical map of the Crimean Peninsula
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Fig. 2. The river basins structure of the Crimean Peninsula
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Note that the basins of the northwestern macroslope  averaging of the evaluation parameters across the entire
of the Crimean Mountains have very different land use territory of the basin may decrease the accuracy of the
specifics depending on the landscape zone. In such cases, typification results. Therefore, such basins were divided
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into a piedmont-plain part, where the main areas of an-
thropogenically transformed lands are concentrated, and
a mountain part, which was not included in the analysis.

Typification methodology. A geodata base was gener-
ated for Crimea territory based on remote sensing data
and the global digital elevation model [Buryak, 2021].
Using the spatial analysis, a component-by-component
assessment of the natural and economic conditions in the
Crimean river basins was carried out. The general scheme
of the study is presented in figure 3.

To identify the main groups of basins with similar spe-
cific features of degradation processes, geomorphological
conditions, and the degree of anthropogenic transformation
of landscapes, eight indicators were selected, including for-
est cover, pressure coefficient, erodedness coefficient, the
share of saline soils, karst cavities areas density, LS-factor,
elevation difference, and drainage density.

High-resolution satellite images from the Google
Earth resource were used to analyze the agricultural land
structure.

After interpretation and vectorization, the land cover
types were identified: arable farming (farmland, former
paddy fields, orchards and vineyards), buildings (settle-
ments, garden areas with buildings, industrial facilities,
roads, individual complexes of structures, and other facil-
ities), natural agricultural areas (herbaceous vegetation,
trees and shrubs), water bodies, disturbed lands (quarries,
dumps and cemeteries).

The forest cover indicator is expressed as a share of
the area covered with trees and shrubs (including forest
belts) of the total basin area. The pressure coefficient K
[Kochurov, 1999; Chibilyov et al., 2022], expresses the
ratios of farmland types, i.e. anthropogenically trans-
formed territories, to the ecological fund lands, affecting
the stability of the natural environment (1):

K =51/S,, (1)
where S; — area of destabilizing land (building land, dis-
turbed land, farmland, orchards and vineyards); S, — area
of stabilizing lands (forests, shrubs, herbaceous vegeta-
tion, swamps, and water bodies).

Satellite images SRTM Soil map Karst zoning map
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Fig. 3. The GIS-analysis scheme for river basins typification
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To determine the share of saline soils and degree of
erosion, a vector soil map [Soil map..., 2023] of the
Ukrainian SSR in 1967 at a scale of 1:200,000 was used.
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The nomenclature of the map makes it possible to deter-
mine the share of erosion in each soil contour and the
presence of salinization processes. The total areas of soils
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subject to salinization of different intensity were calcu-
lated for each basin. To demonstrate the degree of ero-
sion, a more differentiated approach was used, which
took into account the contribution of soils with different
degrees of erosion to the decrease in the potential fertility
level. The calculation is based on summarizing the results
of more than twenty studies of changes in soil properties
and crop yields under the impact of erosion [Lisetskii et
al., 2012]. According to them, the decrease in the grain
crop yields on soils with a weak, medium and strong de-
gree of erosion is on average 19, 36 and 54 %, respec-
tively. For each basin, the shares of soils corresponding
to the erosion degree were calculated and the weighted
average erodedness coefficient was also calculated,
which shows the yield decrease percentage depending on
the soil erosion.

The distribution of karstic phenomena was estimated
based on the previously conducted regional zoning and
the inventory of Kkarst cavities [Vakhrushev et al., 2022].
For 1604 areas of karst process occurrence with a total
length of 118,3 km, the density of karst cavities was esti-
mated for each basin (in km per sq km).

SRTM data with a resolution of 3 arc seconds were se-
lected as the initial elevation data. The LS-factor is a re-
lief potential for water erosion, it combines slope length
and slope angle influence on soil loss in the USLEM em-
pirical model [Morgan, 2005] according to the formula

):

LS = % (1.38+0.965-S+0.138-5%)»  (2)
where LS — relief erosion potential; L — slope length, m;
S —slope steepness, degrees.

The value of elevation difference was calculated as the
weighted average difference between the maximum and
minimum values of the absolute height across the basin.
For this purpose, a grid of 3 x 3 km squares was built. The
choice of the cells size is substantiated by the minimum
mean normalized error compared with other square sizes.
The elevations for each square were calculated using
SRTM. Next, we took the kriging interpolation method as
a basis to construct a vertical terrain dissection map based
on elevation difference within a cell.

The analysis of the drainage density was carried out
according to the runoff accumulation model, which
shows the number of cells up the slope from which the
runoff can flow into each subsequent lower cell. Cells
with a total runoff of 200 or more cells (126 ha of the
overlying catchment area for SRTM resolution) were
identified as erosion network elements. The results were
updated by using topographic maps on a scale of
1 :100,000, with special attention to the Syvash area ba-
sin. The drainage density for each basin was calculated as
the ratio of the total length of its erosion network to the
basin area.

Among many methods of clustering algorithms
[Ezugwu et al., 2022], the clustering algorithm based on
partition, in particular, the K-means algorithm, is most
suitable for the purposes of typification in this study. The
basic idea of kernel K-means is to take advantage of the
kernel method and the original clustering algorithm,
transforming the original data into a high dimensional
feature space by nonlinear kernel function in order to
carry out the original clustering algorithm. The work [R6-
zycka, Migon, 2021] describes the stages of using the
method for river basins, including the selection and as-
sessment of indicators, correlation analysis, re-selection
of indicators, the grouping procedure, and grouping veri-
fication and evaluation. Using this approach helped qual-
itatively identify significantly different groups.

This clustering model was implemented in ArcGIS
10.5, software package, which was used in the study.
Grouping Analysis tool of Clustering Calculation subset
of the Spatial Statistics toolbox was used. The vector
layer of river basins with the entered parameters for each
indicator was used as input data. No spatial constraints
were applied for the objects when setting the parameters.
It means that the basins do not have to be located next to
each other to be included in the same group. When group-
ing, the calculation algorithm standardizes the values in
the analysis fields, since variables with a high degree of
variability have a greater impact on clustering than varia-
bles with less variability. Standardization involves a z-
transformation, where each value is subtracted from the
mean of all values and divided by the standard deviation
of all values. Standardization allows using different types
of input data, such as coefficients, shares, and absolute
indicators. The optimal number of groups to classify best
the similarities and differences of objects was measured
using Calinski-Harabasz pseudo F-statistics, which also
reflects the similarity of objects within a group and the
difference between groups.

Results and discussion

Analysis of typification indicators. The total forest cover
of Crimea, including woodlands, trees and shrubs and man-
made forests, is about 12 %. The forest cover of the basins
decreases naturally from the foothills to the plain. If the
high-mountainous areas and the southern coast of Crimea
are excluded from the total forest cover analysis, the indica-
tor for the agrarian developed territory will be 3,3 %.

In terms of the land cover ratios, most of the peninsula
(62 %) is characterized by the high pressure (K > 2,4)
(Fig. 4, d). It is represented by the agricultural basins in
the central part of the peninsula, where the anthropogenic
load is formed by plowed areas. The pressure close to the
optimal one (K =0,7-1,3) is typical for the Kerch Penin-
sula and Tarkhankut, which is explained by the extensive
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areas of natural herbaceous vegetation and fallow lands
not used in agriculture. The basins of the mountainous
zone have the highest environmental stability, since the
share of anthropogenically transformed lands here is re-
duced to a minimum.

In total, 35 % of the Crimean territory (9,000 sq km of
soils) are exposed to salinization processes of different
intensity (Fig. 4, b). These soils are represented by cher-
nozems, kastanozems and fluvisols of varying degree of
salinity. In addition, 5,4 % of the soil cover is represented
by solonetz and solonchak soils. Basins with a high share
of salinated soils form a belt from the Bakal Peninsula
along the northern border of Crimea, including the
Syvash region and the entire Kerch Peninsula.

Eroded agricultural landscapes occupy 13,200 sq km,
which amounts to 52 % of the peninsula area (Fig. 4, a).
The agricultural lands in Crimea are prone predominantly
to wind deflation; their area is 5,6 times larger than that
of lands with water erosion degradation [Ergina et al.,
2023]. Deflation processes are typical of areas with insuf-
ficient moistening and low relative air humidity (southern
and dry steppe). The most eroded basins are at Foothill
forest-steppe and Tarkhankut elevated Plain.

The combination of insignificant elevations and flat
surfaces in the plain part forms low values of the LS-
factor averaging 0,61 (Fig. 4, c). The basins of western
Tarkhankut have a higher LS of 0,7. In the Foothills, the
relief function is the highest one (2,2), but does not reach
the critical values (4,3-5,2) set in [Malyshev, Goleusov,
2019].

On average, the drainage density of the territory is
0,61 + 0,19 km/sq km. In the plain part of Crimea, the ero-
sion network consists of hollows, shallow ravines and gul-
lies, and rivers. The northern part of the peninsula has a
lower erosion network density and, therefore, a higher
probability of replenishment or of a potential groundwater
zone existence. The insignificant the erosion network den-
sity leads to a coarse texture of the basin with highly perme-
able soil and relatively better vegetation cover and low re-
lief. In the central and western part of the Crimean Plain
there is a developed ravine-beam network with low values
of the river network density, i.e. a large amount of precipita-
tion does not stop in this area. When designing basin natural
resource management, it is important to prevent the devel-
opment of ravine and gully networks and to preserve as
much soil moisture as possible for agricultural production.
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Fig. 4. Distribution of the key typification indicators within the boundaries of the Crimean river basins
Legend: a — erodedness coefficient; b — the share of saline soils, %; ¢ — LS-factor; d — pressure coefficient

Puc. 4. Pacnipenenenue KI04eBbIX MOKa3aTe/leld TAMH3ANHN B TPAHNIIAX peYHbIX 0acceiiHoB Kpbsima

VYcnoBHble 0003HaUCHHS: @ — KOA(QGUIMEHT 3pOIUPOBAHHOCTH; b
d — ko3 uIHEHT HATPSHKEHHOCTH

120

— JOJS 3aCONICHHBIX MOYB; C — 3PO3HOHHBIM MOTEHIHAN penbeda;



Buryak Zh.A., Narozhnyaya A.G., Poletaev A.O. River basins of the Crimean Peninsula

200} ¢ 1
o o @® »
@ ¢ °
ko ® ®
@ ® ® ®
L ys0f e ¢ -
o
o
=
[0}

(2]
o Py 1
¢ 2
®» 3
100 1 1 L

4 6 8 10
Number of clusters / Yncno knacrepos

Fig. 5. Calinski-Harabasz pseudo F-statistics plot
Legend: 1 is mean; 2 is median; 3 is max mean

Puc. 5. I'paduk nceBno-F-cratnctuku Kanuncku—Xapa6asza
VcaoBHbIe 0003HaUeHUs: | — CpeaHEE, 2— Mc/MaHa, 3 — MakCUMaJIbHOE cpeaHee

Types / Tunbl - t of -
asin out of analysis
. 1 I s she aH:‘a’nMsa

L2 pond / Bogoem

I 3a ____ highlands border
I 3b rpaHMnLa BbICOKOrOpui

o

N
o

ﬁw —Obrb 4+
b
(#Iml ++
#’M—m»-m—m o @ -
—
standardized values

CTaHAAPTU3NPOBAHHDIE 3HAYeHUA

0 20 40 km ; . E3 ; " p s
N saline pressure eroded. density elevat. karst LS forest

3aconeHne Hanpsk-Tb  3POAWP. NMOTHOCTL pacuneH.  Kapet penbed  necucTocTs

Fig. 6. Typed basins of Crimea by agroecological condition and development of soil degradation processes

Puc. 6. Tunusanus dacceiinoB KpsiMa no arposko/iornyeckoMy cOCTOSHHIO
U Pa3BUTHIO NOYBEHHO-1ETrPAJALIMOHHBIX NPOLIECCOB

121



Teoaxonoeus | Geoecology

Values of the typification parameters for the selected basin types

3HayeHHs] MApaMeTPOB TUNH3ALMH [JIsl BbIEJEHHBIX TUIIOB 0acceiiHOB

I 2 Types

Typification parameters R 1 > 32 3b
Forest cover, % 0,59 0,6+2,4 0,7+2,7 1,9+4,8 35.6£18,7
Pressure coefficient 0,27 2,6£2.9 10,7£11,7 1,6£2,0 0,5+0,4
Erodedness coefficient 0,75 0,02+0,03 0,06+0,05 0,25+0,08 0,14+0,09
Saline soils, % 0,78 92,2+15.1 23,0+33,6 5,7+15,3 19,7+28,0
Karst cavity density, km/sq km 0,36 0,12+0,04 0,12+0,03 0,30+0,43 5,7£7,2
LS-factor 0,58 0,5+0,4 0,4+0,1 0,9+0,6 4,942.4
Elevation difference, m 0,54 33,7+31,8 27,7+11,1 75,3+£28,9 201,2+45,6
Drainage density, km/sq km 0,06 0,55+0,19 0,62+0,20 0,66+0,26 0,74+0,16
Area, thou sq km - 7,0 7,7 4.4 1,4
Number of basins — 272 130 152 13

Note. The color highlight of cells shows parameters that define the features of each identified group.

Ilpumeuanue. lipeTHOE BBIAENEHHE SUEEK yKa3blBAcT Ha TJIABHBIE NApaMeTphl, ONMpPEACNAIONINEe OCOOEHHOCTH KaKIOH BbIIEIECHHON

TPYTIIEL.

Five stages of elevation difference have been identi-
fied for plain zone. The maximum values are on the Tar-
khankut and Kerch peninsulas, while the minimum values
are in the eastern and northern parts of the North Crimean
lowland.

The overwhelming majority of karst cavities are lo-
cated within Ai-Petrinskaya, Yaltinskaya, Nikitskaya
Yailas, Babugan-yaila, Chatyr-Dag Yaila, Demerdzhi-
yaila, Dolgorukovskaya Yaila and Karabi-yaila. In agri-
culturally developed basins, karst processes are found
only in the Foothills area; the average karst cavity density
ranges from 1 to 4 km/sq km. In the Plain Crimea, karst
cavities also exist; their average density is 0,12 km/sq km.

Typification results. The results of calculating Ca-
linski-Harabasz pseudo F-statistics show that pseudo
F-statistics reach the highest values for 4 groups (see
Fig. 5). Therefore, clustering was carried out for this
number of types.

The results of the basin type spatial distribution and
the analysis of their values of the indicators are given in
figure 6 and table.

The analysis shows that the strongest -effect
(0,7 <R?<0,9) on the difference of groups from each
other is provided by two key signs of soil degradation, i.e.
soil erodedness and salinization. Slightly less, but notice-
able (0,5 <R?<0,7) influence has the forest cover and
geomorphological factors, i.e. LS-factor and elevation
difference. The intensity coefficient and karst cavity den-
sity do not significantly affect the group identification.
And the drainage density parameter can be excluded from
the analysis.

The types of basins shaped spatially rather homogene-
ous groups, despite the fact that this criterion was delib-
erately not set in the analysis. In some cases, the basins
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are isolated from the main massif of their type; the reason
for this is the wide variety of soil and geomorphological
conditions of the peninsula. We will consider below the
features of the identified types of basins.

Type 1 — Basins with soil salinization. This type is
located east of the Bakal Peninsula along the northern
border of Crimea, including the Syvash region and the
entire Kerch Peninsula (34 % of the study area). It is
characterized by the biggest share of saline soils
(92,2 %) with a minimum erodedness coefficient (0,02)
in the soil cover structure and low forest cover (0,6 %).
When developing soil and water protection facilities in
the territory, it is necessary to pay attention to reclama-
tion and agro-engineering measures aimed at combating
salinization, especially with an increasing share of irri-
gation in these areas. Efficiency is increased by the com-
bined implementation of various actions. Comparison of
ameliorative effects and duration of after effects showed
their increase in the following order: chemical reclama-
tion of irrigation water, chemical land reclamation and
ameliorative plowing.

Type 2 — Basins with the maximum agricultural pres-
sure. This largest group of basins occupies 38 % of the
study area and is located in the central part of the Crimean
Plain. These territories are more involved in crop produc-
tion than the other areas due to favorable geomorpholog-
ical and soil and climatic conditions. It has been found
that 77 % of the territory of this type is plowed up or al-
located to gardening and viticulture. As a consequence,
the highest pressure coefficient of 10,7 is set for this type.
The share of afforestation is 0,7 %, including field pro-
tective forests, which is insufficient to preserve soil fer-
tility. The priority task for these basins should be to re-
duce the anthropogenic load through the use of soil-pro-
tective crop rotations on degraded arable lands or their
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conservation, reclamative afforestation, including plant-
ing windbreaking forest belts and increasing the water
protection forest cover along the banks of rivers and water
bodies. In some basins of this type, it is would be also
necessary to take reclamation measures to prevent salini-
zation, including the secondary one (23 % of soils are ex-
posed to salinization).

Type 3 — Basins with water erosion risk. Basins of this
type occupy 28 % of the study area and form two clusters:
along the foot of the northwestern macroslope of the Cri-
mean Mountains and in northwestern Crimea (west of the
Tarkhankut Peninsula and the southern shore of Lake
Donuzlav). There are also separate basins in the east of
the Kerch Peninsula.

Subtype 3a is the most eroded one compared with the
(0,25), and geomorphological conditions create increased
risks of water erosion processes, as evidenced by high values
of the LS-factor (0,9) and elevation difference (75,3 m). The
territories are used quite actively in agricultural production
(32 %) and require widespread anti-erosion actions. They in-
clude the contour organization of the ploughland, the surface
runoff control, anti-erosion forest belt planting, the grassing
of hollows on the ploughland.

Subtype 3b — Basins with increased risk of exogenous
geomorphological processes. This is the smallest group
of basins occupying 7 % of the territory and has only 13
facilities. In terms of all manifestations of negative pro-
cesses taken together, it is very similar to subtype 3a.
However, it has its own distinctive features: the basins of

this subtype are located on elongated forested (35,6 %)
mountain spurs, so extremely high average indicators of
LS-factor (4,9) and elevation difference (201,2 m) are set
here. This particular subtype is characterized by the great-
est ocurrence of karst processes. Therefore, special atten-
tion should be paid to combating water erosion and karst
formation on the few lands used for agriculture (25 % of
the territory).

Conclusions

Data on soil degradation processes and land use fea-
tures of the Crimean river basins are summarized. The ad-
vantage of the study is using the clustering algorithm ker-
nel K-means method, which allows to identify in a bal-
anced manner groups of objects that are homogeneous in
terms of the totality of indicators. This helped identify
four types of basins with a common specific characteris-
tics of degradation processes and the degree of anthropo-
genic transformation of landscapes based on the ratio of
geomorphological, soil, and environmental conditions.
Specific land use problems have been identified for each
type of basin, and ways to address them have been pro-
posed. In terms of the land management, the identified
territorial groups of basins can serve as primary differen-
tiation units for priority soil protection measures. The re-
sults of the study can serve as the basis for developing
standard scenarios of soil and water protection arrange-
ment of the Crimean agricultural territory.

References

Badenko V., Topaj A., Medvedev S., Zakharova E., Dunaeva |. Estimation of agro-landscape productivity in regional scale using
dynamic crop models in a GIS-environment / Landscape Modelling and Decision Support. Innovations in Landscape Research, Ed.
Mirschel, W., Terleev, V., Wenkel, KO. Cham, Springer, 2020. pp. 545-566. https://doi.org/10.1007/978-3-030-37421-1_28

Buryak Z., Lisetskii F., Gusarov A., Narozhnyaya A., Kitov M. Basin-scale approach to integration of agro- and hydroecological
monitoring for sustainable environmental management: a case study of Belgorod oblast, European Russia // Sustainability. 2022. V. 14(2).

pp. 927. https://doi.org/10.3390/5u14020927

Buryak Zh. The geographic information system on the environmental and economic state of the river basins of the Crimea //
21th International Multidisciplinary Scientific GeoConference — SGEM 2021. Conference proceedings. Water resources, forest, marine
and ocean ecosystems. Iss. 3.1. Vienna, 2021. pp. 369-376. https://doi.org/10.5593/sgem2021/3.1/s12.46

Chibilyov A.A. (jr.), Gulyanov Yu.A., Meleshkin D.S., Grigorevsky D.V. An assessment of landscape-ecological stability in
agricultural regions of Ural and West Siberia // South of Russia: Ecology, Development. 2022. V. 17(1). pp. 109-118. In Russian

https://doi.org/10.18470/1992-1098-2022-1-109-118

Dmitrieva V.A., Zhigulina E.V. Dinamika vodnosti malykh vodotokov Verkhnedonskogo basseyna i yeye rol' v strukturno-
dinamicheskoy organizatsii landshaftov [Water dynamics of small water currents of the Upper Don basin and its role in the structural-
dynamic organization of landscapes] // Regional Geosystems. 2020. V. 44. No. 4. pp. 404-414. In Russian. https://doi.org/10.18413/2712-

7443-2020-44-4-404-414

Ergina E.l., Gorbunov R.V., Tabunschik V.A., Petlyukova E.A. Pochvennoye raznoobraziye territorii Krymskogo poluostrova [Soil
diversity of the Crimean Peninsula] // Bulletin of Higher Educational Institutions. North Caucasus Region. Natural Sciences. 2023.
V. 217. N. 1. pp. 61-69. In Russian. https://doi.org/10.18522/1026-2237-2023-1-61-69

Esin A.1., Akgul M., Akay A.O., Yurtseven H. Comparison of LiDAR-based morphometric analysis of a drainage basin with results
obtained from UAV, TOPO, ASTER and SRTM-based DEMs // Arabian Journal of Geosciences. 2021. V. 14. pp. 1-15.

https://doi.org/10.1007/s12517-021-06705-3

Ezugwu A.E., Ikotun A.M., Oyelade O.O., Abualigah L., Agushaka J.O., Eke C.I., Akinyelu A.A. A comprehensive survey of
clustering algorithms: State-of-the-art machine learning applications, taxonomy, challenges, and future research prospects // Engineering
Applications of Artificial Intelligence. 2022. V. 110. pp. 104743. https://doi.org/10.1016/j.engappai.2022.104743

Ivankova T. Problem of environmental remediation of the river runoff of basin geosystem of the small river Alma (Republic of Crimea)
/I E3S Web of Conferences. Innovative Technologies in Science and Education. V. 210. Divnomorskoe village, 2020. pp. 07007.

https://doi.org/10.1051/e3sconf/202021007007

123



Teoaxonoeus | Geoecology

Kalinchuk 1.V., Kudrian E.A. Landshaftnoye planirovaniye territorii Krasnogvardeyskogo rayona Respubliki Krym [Landscape
planning of Krasnogvardeysky district of the Republic of Crimea] // Geopolitics and Ecogeodynamics of Regions. 2019. V. 5, No. 3.
pp. 283-294. In Russian

Kochurov B.I. Ecological evaluation and mapping for the tasks of balanced regional development // Mapping Sciences and Remote
Sensing.1999. V. 36(3). pp. 176-185. https://doi.org/10.1080/07493878.1999.10642119

Komarov S.I., Antropov D.V., Varlamov A.A., Galchenko S.A., Zhdanova R.V. Zoning as a tool of land management // 10P
Conference Series: Earth and Environmental Science, 2019th International Symposium on Earth Sciences: History, Contemporary Issues
and Prospects. Vol. 350. Moscow, 2019. pp. 012060. https://doi.org/10.1088/1755-1315/350/1/012060

Lisetskii F. Rivers in the focus of natural-anthropogenic situations at catchments // Geosciences. 2021. V. 11(2). pp. 63.
https://doi.org/10.3390/geosciences11020063

Lisetskii F.N. Nature’s use in Antiquity and its evidence in sediments on archaeological monuments of Crimea // Crimea: The History
of Interaction between Man and Nature. Series: Environmental Research Advances, Russian Political, Economic, and Security Issues,
Ed. F. Lisetskii. New York: Nova Science Publishers, 2019. pp. 79-106.

Lisetskii F.N., Buriak Zh.A., Marinina O.A., Poletaev A.O. Basseynovaya differentsiatsiya landshaftov Ravhinnogo Kryma kak osnova
proyektov pochvovodookhrannykh sistem zemledeliya [Basin differentiation of Plain Crimea as the basis for projects of soil-preserved
agriculture systems] // Landscape Science and Landscape Ecology: Coadaptation of Landscape and Economic Activity, Simferopol, 22—
25 September 2020. Simferopol, 2020. pp. 42-47. In Russian

Lisetskii F.N., Buryak Z.A. Runoff of water and its quality under the combined impact of agricultural activities and urban development
in a small river basin // Water. 2023. V. 15. pp. 2443. https://doi.org/10.3390/w15132443

Lisetskii F.N., Chernyi S.G., Svetlitchnyi A.A. Sovremennye problemy ehroziovedeniya [Recent Developments in Erosion Science].
Belgorod, Konstanta, 2012. 456 p. In Russian. https://doi.org/10.13140/2.1.1029.9682

Malyshev A.V., Goleusov P.V. Kriticheskoye znacheniye faktora rel'vefa i erozionnaya opasnost' agrolandshaftov Belgorodskoy
oblasti [The critical value of the relief factor and the erosion hazard of the agricultural landscapes of the Belgorod region] // Belgorod
State University Scientific Bulletin. Natural Sciences Series. 2019. V. 43. No. 1. pp. 63-75. In Russian. https://doi.org/10.18413/2075-
4671-2019-43-1-63-75

Melnichuck A.Yu., Zackalichnaya O.V. Formirovaniye sistemy ustoychivogo zemlepol'zovaniya v usloviyakh Kryma [Sustainable land use in
Crimea] // Land Management, Monitoring and Cadastre. 2021. No. 9. pp. 657-665. In Russian https://doi.org/10.33920/sel-4-2109-02

Morgan R.P.C. Soil Erosion and Conservation. Oxford, Blackwell Publishing, 2005. 304 p. https://doi.org/10.1111/j.1365-
2389.2005.0756f.x

Mukharamova S., Ivanov M., Yermolaev O. Assessment of anthropogenic pressure on the VVolga Federal District territory using river
basin approach // Geosciences. 2020. V. 10. pp. 139. https://doi.org/10.3390/geosciences10040139

Nabati J., Nezami A., Neamatollahi E., Akbari M. GIS-based agro-ecological zoning for crop suitability using fuzzy inference system
in semi-arid regions // Ecological Indicators. 2020. V. 117. pp. 106646. https://doi.org/10.1016/j.ecolind.2020.106646

Novikov D.V., Novikov A.V. Vidy zonirovaniy, primenyayemyye pri organizatsii ispol’zovaniya zemel' [Types of zoning used in the
organization of land use] // Moscow Economic Journal]. 2021. V. 1. pp. 44-55. In Russian. https://doi.org/10.24412/2413-046X-2021-
10031

Pozachenyuk E.A. Contemporary landscapes of Crimea // Crimea: The History of Interaction between Man and Nature. Series:
Environmental Research Advances, Russian Political, Economic, and Security Issues, Ed. F. Lisetskii. New York: Nova Science
Publishers, 2019. pp. 1-28.

Rozycka M., Migon P. Morphometric properties of river basins as indicators of relative tectonic activity — Problems of data handling
and interpretation // Geomorphology. 2021. V. 389. pp. 107807. https://doi.org/10.1016/j.geomorph.2021.107807

Soil map of Crimea. URL: http://maps.bsu.edu.ru/soil/ (Date of accessed: 15.12.2023)

Tabunshchik V., Gorbunov R., Gorbunova T. Anthropogenic transformation of the river basins of the northwestern slope of the
Crimean Mountains (The Crimean Peninsula) // Land. 2022. V. 11. pp. 2121. https://doi.org/10.3390/land11122121

Tabunshchik V.A., Kalinchuk 1.V., Galkina M.V, Vlasova A.N., Nikiforova A.A. Water shortage and water maagement balance in
the Republic of Crimea: Current values and forecast for 2030 // IOP Conference Series: Earth and Environmental Science. V. 839.
Krasnoyarsk, 2021. pp. 32026. https://doi.org/10.1088/1755-1315/839/3/032026

Vakhrushev B.A., Amelichev G.N., Tokarev S.V., Samokhin G.V. The main problems of karst hydrogeology in the Crimean Peninsula
/l Water Resources. 2022. V. 49(4). pp. 595-604. https://doi.org/10.1134/s0097807822040182

Yermolaev O., Mukharamova S., Maltsev K., lvanov M., Gafurov A., Ermolaeva P., Saveliev A., Shynbergenov E., Yantsitov R.,
Bodrova A. Geography and geoecology of Russia in the mosaic of river basins // Conference Abstracts of the 5th International Conference
“Resources, Environment and Regional Sustainable Development in Northeast Asia”. Irkutsk, 2022. pp. 170.

Information about the authors:

Buryak Zh.A., Cand. Sci. (Geography), Leading Researcher, Institute of Ecology, Biotechnology and Nature Management, Kazan (Volga
Region) Federal University, Kazan, Russia.

E-mail: buryakzh@gmail.com

Narozhnyaya A.G., Cand. Sci. (Geography), Associate Professor, Department of Environmental Management and Land Cadastre,
Belgorod State National Research University, Belgorod, Russia.

E-mail: narozhnyaya_a@bsu.edu.ru

Poletaev A.O., Cand. Sci. (Geography), Senior Lecturer, Department of Geography, Geoecology and Life Safety, Belgorod State National
Research University, Belgorod, Russia.

E-mail: poletaev@bsu.edu.ru

Author contributions:

Buryak Zh.A. — defined the idea of the study, selected and processed source data, structured the results of the study, formulated the main
conclusions, and wrote the manuscript.

124



Buryak Zh.A., Narozhnyaya A.G., Poletaev A.O. River basins of the Crimean Peninsula

Narozhnyaya A.G. — determined the research methods, selected and processed the source data, and performed data analysis, and make
proofread the manuscript.
Poletaev A.O. — participated in the design of cartographic and graphic material, and selected bibliographic sources.

HNudopmanus 06 aBTOpax:

Bypsaxk KA., kananaaT reorpagu4ecKux HayK, BEAyI[HH HAyIHBIH COTPYIHHUK, IHCTUTYT 3KOIOTHH, OMOTEXHOIOTHH U IPHPOAOTIONb-
3oBanus, Kazanckuii (IIpuBomkckuit) penepanbublid yHUBepcHuTeT, Kazans, Poccus.

E-mail: buryakzh@gmail.com

Hapoxnsas A.I'., kananaaT reorpau4ecKux HayK, JOLEHT, Kadenpa IMPUPOIOIIONE30BaHHS M 3eMENIBHOTO Kajxactpa, benroponckuit
rocyIapCTBEHHBII HAallMOHAIBHBIN HCCIIeIOBATENILCKUI yHUBEepcuTeT, benropon, Pocenst.

E-mail: narozhnyaya_a@bsu.edu.ru

IMoneraeB A.O., kanauaaT reorpaduIecKux HayK, CTapIIHil IpenoaaBaTens, kageapa reorpaduu, reo3KOIOTUH 1 OE30MACHOCTH KH3-
HEAEATEIbHOCTH, benropoackuii rocy1apcTBEHHbBIN HALIMOHAIBHBIN HCCIEe10BaTENbCKUI yHUBEpcuTeT, benropon, Poccust.

E-mail: poletaev@bsu.edu.ru

Bxnao aemopos:

Bypak JK.A. — onpedenuna udero uccnedosarusi, noobupaia u 06padbamviéana ucxoouvle OaHHvle, CIMPYKMYypPUpos8ana pe3yibmamol uc-
C1e008anuil, ChOPMYIUPOBANA OCHOBHBLE BbIBOOL, HANUCANA PYKORUCH.

Hapoosrcusn A.I. — onpedenuna memoovt ucciedosanus, noobupana u 06pabampleéana ucxoOHble MAmepuabl, GbINOIHLA AHANU3 OAHHBIX,
BbINOIHULA KOPPEKMYPY DYKONUCU.

ITonemaes A.O. — yuacmeosai 6 ogopmienuu Kapmozpaghuueckoeo u epaguueckozo mamepuaia, noobupan bubnuozpaguueckue uc-
MOYHUKU.

Cmamws nocmynuna 8 pedaxyuro 09.01.2024; ooobpena nocne peyensuposanus 26.07.2024; npunama x nyoauxayuu 02.06.2025

The article was submitted 09.01.2024; approved after reviewing 26.07.2024; accepted for publication 02.06.2025

125



