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Abstract: The quantitative and qualitative depletion of water resources (both surface and groundwa-
ter) is closely related to the need to protect soils against degradation, rationalization of land use, and
regulation of surface water runoff within the watershed area. Belgorod Oblast (27,100 km2), one of
the administrative regions of European Russia, was chosen as the study area. It is characterized by a
high activity of soil erosion (the share of eroded soils is about 48% of the total area of arable land). The
development phase of the River Basin Environmental Management Projects (217 river basins from the
fourth to seventh order) allowed for the proceeding of the development of an integrated monitoring
system for river systems and river basin systems. The methods used to establish a geoecological
network for regional monitoring include the selection and application of GIS techniques to quantify
the main indicators of ecological state and predisposition of river basins to soil erosion (the share of
cropland and forestland, the share of the south-oriented slopes, soil erodibility, Slope Length and
Steepness (LS) factor, erosion index of precipitation, and the river network density) and the method of
a hierarchical classification of cluster analysis for the grouping of river basins. An approach consider-
ing the typology of river basins is also used to expand the regional network of hydrological gauging
stations to rationalize the national hydrological monitoring network. By establishing 16 additional
gauging stations on rivers from the fourth to seventh order, this approach allows for an increase in the
area of hydro-agroecological monitoring by 1.26 times (i.e., up to 77.5% of the total area of Belgorod
Oblast). Some integrated indicators of agroecological (on the watershed surface) and hydroecological
(in river water flow) monitoring are proposed to improve basin environmental management projects.
Six-year monitoring showed the effectiveness of water quality control measures on an example of a
decrease in the concentrations of five major pollutants in river waters.

Keywords: water resources; river basin; watershed; arable land; soil erosion; water quality; ecoregion;
Central Russian Upland

1. Introduction

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 territorial
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 [1–9]. Environmental management within one hydrographic
basin takes into account many factors. It is necessary to assess, on the one hand, available
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water resources such as precipitation, surface runoff, groundwater reserves, and return
water, and on the other hand, the water needs of various sectors of the economy such as
municipal water supply, irrigation, industry, hydropower production, recreation, shipping,
fishing, etc. [10]. Assessment of the anthropogenic pressure on basin geosystems includes
population density and infrastructure, industrial, and agricultural indicators in various
forms [11–13]. The characteristics of river basins used in different countries are different.
These include abiotic parameters (land use/land cover, soil texture, depth to bedrock,
depth to the water table, recent precipitation area, total stream length, watershed shape,
topographic complexity, mean elevation, mean slope [14]), as well as biotic indicators [15].
In addition to these indicators, social pressure and recovery potential were considered for
the entire land area within certain administrative boundaries [16].

River basins in regions of intensive agricultural development require supporting
measures and environmental management, restoring the ecological balance of the territory,
primarily through optimization of the land use structure. The effectiveness of approaches
to a comprehensive assessment of the ecological and economic balance of river basins
and the assessment of natural protection, absolute and relative tension of the ecological
and economic state of territories in various environmental conditions is shown [17–20].
Understanding the importance of agroforestry for modern agricultural landscapes has led
to the formation of sustainable and durable agroforestry systems based on a combination of
agricultural and landscape-ecological ideologies [4,21]. It was previously suggested [22,23]
that small watersheds and river ecosystems should be used as key monitoring sites for land
monitoring at various levels.

To prevent qualitative depletion of water resources, any environmental policy should
focus on the priority of clean water as the basis for the maintenance of public health and key
life-sustaining conditions (stable functioning of water and land ecosystems, efficiency and
quality of agricultural products, reproduction of fish resources, recreational and aesthetic
potential of water bodies) [24–26]. Along with hydrological and hydroecological monitor-
ing of water bodies in specific places and at the outlet, it is no less essential to monitor
natural and economic situations, particularly agroenvironmental parameters within river
basins [27–34]. Therefore, a set of water quality indicators with a unique range of values
should be produced for different river basins with due account for specifics of economic
management and physiographical, geological, topographical, and climatic conditions [35].

Hydroecological monitoring for river basins amid increasing restrictions on the
amount of water (both surface and groundwater) aims to assess the state of water resources
and detect their changes over time. It includes a wide range of evaluation indicators: sur-
face and underground runoff, qualitative indicators of the state of water resources, changes
in the configuration of rivers and water reservoirs, usage mode for water protection zones,
and others.

The order structure of river basins determines the hierarchy of territorial monitoring
levels [35–37]. The eighth-order and higher river basins can be used for the national level.
The seventh-order basins are for the country’s regional level, and the sixth- and fifth-order
basins are for the municipal level. River basins of the fourth order and lower should
be considered as a set of positional and dynamic relations between elementary natural
complexes [38]. Indicators of the state of any basin reflect the entire state of the previous
hierarchical level of river basin organization. Structurally, such an organization of river
basins of different orders [39] allows judging of the universal nature of specific processes
manifested in their subordinate hierarchical levels. All this can be considered a conceptual
framework for monitoring based on river basin principles.

Geographic Information Systems (GIS) have become widely used because inventory
and spatial analysis of water and land resources in river basins require obtaining, storing,
and simultaneously processing a wide range of quantitative data and visualizing spatial
data [40–45]. Multivariate statistics and neural network technologies are promising for a
comprehensive analysis, assessment of series heterogeneity, determination of spatiotem-
poral patterns of formation, and synchronization of the dynamics of river water flow and
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soil erosion [46–51]. In addition, using multivariate techniques can be implemented to
guide optimization projects for the surface water quality network monitoring in the river
basins [52–55]. The methodology for assessing the state of agricultural landscapes is based
on remote sensing data and multivariate cartographic analysis using geoinformation tech-
nologies [56]. This provides qualitatively new cartographic and geographic information
support for experimental and design work on the anti-erosion arrangement of agricultural
landscapes based on electronic thematic maps and landscape models [22,57,58].

Branched river systems drain areas with different land-use types, each of which brings
different sets of metals and pollutants which affect the quality of surface runoff and river
water [59–61]. Effective river water quality management requires information on the
influence of all types of anthropogenic impacts within the particular watersheds (urban
and rural) throughout the river basin [62–64]. When many factors need to be considered,
the solution to these complex problems is most promising when using combined cluster
and discriminant analysis, and others [65,66].

A watershed is a hydrological unit that can be used as a physical and biological unit, as
well as a socioeconomic-political unit to plan and manage natural resources [67]. However,
when assessing the state of rivers and the quality of their waters, many researchers use an
integrated approach that takes into account the overall economic situation in the watershed
area [68–76]; the regional authorities which are responsible for individual control units
objectively cannot take into account the national context for large (transboundary) rivers.
The first principle of “Integrated Water Resources Management” (IWRM) [77–79] assumes
that the river basin should be used as a water resources management unit. Therefore, there
are severe difficulties in coordinating available water resources with demands within one
hydrographic basin, since each water balance component is related to the social situation
and economic and political conditions [10]. The current approaches to integrated water
resources management [80] give a special role to basin control factors, upstream-to-mouth
cascade effects, and the need for sustainable (viable) agriculture to function in watersheds.
For nature management, it is fundamentally important to have well-ordered territorial
information in the form of a database on a river basin scale [81,82]. The presence of several
levels of environmental management by authorities, private ownership of land, and other
reasons determine objective difficulties in a consistent and integrative approach to land uses
and water management. This is because land administration—which includes planning,
forestry, industry, agriculture, and the environment—is usually regulated by other agencies
not related to water resources [77].

Directive 2000/60/EC of the European Parliament and Council [83] should become
an operational tool designed to move forward basin-based integrated protection of water
resources. However, since the focus in the EU Water Framework Directive (WFD) im-
plementation is on status monitoring of hydrographic objects [84], its compatibility with
other aspects of nature management remains to be determined. Monitoring programs need
to consider the types of the basin (river, groundwater) and parameters to be measured:
quantitative or qualitative (e.g., biological, hydromorphological, physicochemical, specific
pollutants) [77]. This type of water management is implemented at the national level in
different contexts and in the case of transboundary river basins [85–87].

The national systems for river basins and river systems monitoring have their specifics.
We should note Russia’s particular features since national principles are implemented
without fail in regions with large or transboundary rivers. The Russian Ministry of Agricul-
ture has approved a system of indicators for agroecological monitoring [88]. This system
includes a list of eight characteristics: (1) the composition of land areas by categories, types
of land, forms of ownership, types of land users, etc.; (2) soil fertility indicators; (3) soil
pollution indexes; (4) indicators of negative processes; (5) indicators of agrochemical works;
(6) information about sowing and harvesting; (7) meteorological data, and (8) the number
of detected law offenses. Suppose there are clearly expressed degradation processes in
agricultural landscapes that are one of the leading limiting factors for obtaining stable
yields; in that case, one should strengthen the negative process monitoring unit in the
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agroecological monitoring system. At the same time, monitoring data should be sufficient
for the environmental and economic assessment of damage from degradation processes [89].
Regarding soil degradation processes, the agroecological monitoring system considers only
the area of degraded land. However, it is insufficient to estimate only degradation processes
and their distribution and intensity. Agricultural land degradation monitoring should be
linked to land impact monitoring [90], which identifies the causes of negative changes.

The Russian watershed-based monitoring system has had difficulties integrating the
results. This is because agroecological monitoring is assigned to the Ministry of Agriculture
while hydroecological monitoring is under the Ministry of Natural Resources and Ecology
supervision. In addition, control and supervision are partially dispersed between the
executive authorities of the administrative regions of the Russian Federation and the
federal authorities [91]. Such a system duplicates the system of evaluation indicators,
disregards natural environment hierarchical levels, which assess the relationship of its
components and the cause–effect relations concerning changes in their state. Therefore, it is
necessary to use a complex multi-level approach to monitoring surface and groundwater
quality and quantity, based on the idea of subordinated hierarchical levels of natural
systems. Previously, such a concept was proposed to soil monitoring [92–96], to control
erosion losses [97] and tolerable soil loss [98,99], the contribution of soil/gully erosion
on the sedimentation within river floodplains and riverbeds [100], and to optimize the
monitoring network of agricultural landscapes [101].

As cascading dynamic systems, river basins have a closed cycle of matter and energy
flows. As a result, the watershed outlet becomes an integrative focus used to assess
surface and underground runoff of water, as well as migration of dissolved substances and
sediments [102]. Thus, using this approach, it is possible to effectively manage the processes
associated with the hydrological cycle [103–105] and land use [106–108]. Hydroecological
monitoring carried out in the lower reaches of the watercourse gives a complete picture of
the migration and accumulation of agrochemicals in the river basin. This type of monitoring
is an indispensable component of integrated water resources management in basins. Similar
advantages can be offered by the agroecological monitoring system, which can be organized
based on basin principles for the upper links of the fluvial network, including gullies and
small dry valleys.

For basin-based environmental management, it is necessary to develop principles of
integration of agroecological and hydroecological monitoring and organize fully fledged
geosystem monitoring. This will allow the evaluation of the effectiveness of the measures
taken and adjustment of the further use of natural resources in the watershed area with
due account for changes in progress.

The aim of the study includes solving the following sequential tasks: (1) The establish-
ment of a river-basin-organized, hydrologically integrated system (ecoregion) within one
of the administrative regions of Russia; (2) The hierarchical classification of river basins in
the ecoregion according to the characteristics of relief, soil, climate, and human activity;
(3) Determination of the correspondence of the identified types of river (sub)basins with the
existing state network of gauging stations to develop a rational network of hydroecological
monitoring of the administrative region, which switched to basin principles for solving
problems of soil protection in watershed areas.

2. Materials and Methods
2.1. Study Area and Study Objects

Belgorod Oblast (27,100 km2) is one of the administrative regions of European Russia,
located within the Central Russian Upland (Figure 1). Its territory is an elevated plain with
a range of altitude of 68–277 m a.s.l. It is characterized by highly dissected terrain (up to
1.5 km/km2). The total length of the erosion network, including river valleys, is estimated
at 22.5 × 103 km. The depth of vertical dissection of the earth’s surface varies within
20–110 m. However, in the east of the region, the erosion forms of the Don River basin
have an incision depth of 154–159 m. In these conditions, both sheet and linear erosion
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processes are active. More than 63.7% of this territory is presented by slopes inclined by
more than 2◦; about 46% (6944 km2) of them belong to arable land [109]. It should be noted
that the share of arable land on slopes where erosion is already manifested, i.e., with a
steepness over 2◦, is 59.6%; 34% of arable land slopes exceed 3◦ (Figure 2). The prevalence
of slope-type agricultural landscapes and a high proportion of arable land (60.6%) create
favorable conditions for active water erosion processes.

Figure 1. Location of the study area (Belgorod Oblast) in the East European Plain.

The climate in the region is temperate continental. The average annual air temperature
varies from +5.4 to +6.8 ◦C. The coldest month is January; the average monthly temperature
varies across the territory from −7.5 ◦C to (in the south) −8.5 ◦C (in the north). The
frost-free period is about 155–160 days. The soil cover of the region is very diverse, but
chernozems prevail (Figure 2). Cropland occupies 61% of Belgorod Oblast. According to
data of the detailed soil survey [110], the last rounds of which were carried out in the 1980s,
more than half of Belgorod Oblast’s cropland is on uneroded soils; the share of eroded soils
is about 48% of the total arable land area (Figure 2).

From 1950 to 1980, the growth rate of eroded areas was 5.1% in the western part of the
region, 8.4% in the center, and 9.8% in the southeast part. Modern studies [111] using Earth
remote sensing tools also confirm the growth of eroded areas nowadays: an assessment of
highly eroded soil areas has shown their increase by 6% over the past 30 years.

A specific relief feature is the location of a zone of origin of large rivers in the western
and central parts of Belgorod Oblast. Because of this, the ecological situation in this territory
is essentially independent of the problems related to the quantity and quality of river flow
in adjacent areas [107]. For regional monitoring, it is advisable to choose the fourth-order
river basins since they reflect the specific features of local environmental management and,
if necessary, allow monitoring of rapid changes due to human activities. We identified
217 river basins (fourth-to-seventh-orders) within Belgorod Oblast (Figure 3).
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Figure 2. Distribution of arable land (%) in Belgorod Oblast according to (A) the steepness of
the slopes and (B) the degree of soil erodibility. (C)—the main types of soils and their ero-
sion in Belgorod Oblast: 1—Chernozems typical (Voronic Chernozems, hereinafter according to
WRB, 2006); 2—Chernozems leached (Voronic Chernozems); 3—Chernozems ordinary (Voronic Cher-
nozems); 4—Chernozems solonetzic (Luvic Chernozems); 5—Chernozems podzolized (Luvic Phaeozems);
6—Chernozems residual-calcareous (Leptic Chernozems); 7—Grey forest soils (Greyic Phaeozems);
8—soils of hollows and small dry valleys; 9—other lands (incl. urban areas); 10—water bodies and
rivers. 31.8%, 19.1% . . . —the share of the corresponding type of soil (object) in the total area of
tBelgorod Oblast (the proportion of eroded soils is in parentheses).

Figure 3. Basin structure of Belgorod Oblast.
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Belgorod Oblast’s ecological region (ecoregion) is a relatively hydrologically isolated
integral natural-economic formation. It is an optimal object for basin-based nature man-
agement and geoplanning, and for establishing a multi-level system for land and water
resource monitoring. The ecoregion is wholly or partially formed by 52 river basins, includ-
ing 188 watersheds (subbasins) from the fourth to seventh order. Their external borders
are entirely located within Belgorod Oblast. These watersheds occupy about 90% of the
region’s area. Peripheral (incomplete or fragmentary) basins, which occupy 3.4% of the
study area (Figure 3), cannot be subject to fully fledged geoecological monitoring. However,
the basin-wide environmental management projects include these areas.

2.2. Methodology for Solving the Problem

When deploying a regional monitoring network, the first step is to determine the
dominant degradation factors (Figure 4), which may differ depending on the natural area,
terrain, geoecological conditions, and so on.

Figure 4. Stages of creating the geoecological regional monitoring network in the study region.

At the second stage of monitoring network development, it is necessary to identify
the location of homogeneous territories by type and degree of the negative process using
a point assessment and principles of landscape-environmental zoning. Approaches to
complex score assessment of land degradation are widely covered [112–116]. The types
of soil degradation, of which there are already several dozen, as well as the degree of
their manifestation in specific landscape conditions, should be mapped, reflecting in the
legend the landscape-ecological typification of the territory. These results form the basis
for the localization of relatively homogeneous landscape units as territorial objects of
the monitoring network. On the other hand, there is a state system of hydroecological
monitoring, which makes it possible to assess the results of natural and anthropogenic
development of landscapes for a controlled area, according to data in the outlet section
of permanent streams. Using the results of the landscape-ecological typification of the
territory, it is possible to determine to what extent the existing network of river gauging
stations is rational and sufficient, limiting the scope of monitoring to an economically
acceptable level of the hierarchy, e.g., river basins of the fourth order. In 2011–2015, several
projects were implemented to arrange river basins following the criteria for the protection
of soil and water resources on a single conceptual and technological basis [102,117,118].
The design was based on establishing an integration geoinformation platform, which can
combine spatial data on individual components of Belgorod Oblast’s landscapes (about
30 thematic layers and 200 × 103 objects) and digital data on their economic use and
ongoing observations (soils, surface/underground water, vegetation, etc.). Among the
administrative regions of the Russian Federation, this is the only example of introducing a
basin-based structure for nature management using 121 completed projects (covering about
2572 × 103 ha) for the entire region of the country (Belgorod Oblast). The current stage of
the introduction of basin-based nature management projects using a basin-administrative
approach within agricultural landscapes has shown the urgent need to establish a system
to monitor both design solutions and their effectiveness.
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2.3. Justification of the Initial Data

The leading indicators used for ecological-hydrological typification and zoning are
very diverse [23,38,57,119]. For example, they include hydroclimatic conditions; mor-
phometric indicators of the relief (the depth of local erosion base levels, slope steepness,
terrain roughness); soils (their genesis and particle size distribution); potential erosion
processes hazard and actually eroded soils; agricultural land use (cropland area, crop
rotation, etc.); the area of forest cover, lakes, and marshes; urbanization; land reclamation;
hydrological characteristics (water discharge, water intake, suspended sediment concen-
tration, etc.); hydrochemical characteristics (mineralization, salinity, toxic substances, etc.);
hydrobiological features (phytoplankton and zooplankton biomass, aquatic higher plants,
respiratory intensity, etc.). A set of data may vary depending on typification tasks. To
organize the geodata for each river basin with its inherent morphological, functional, and
process characteristics, as well as information about the basin structure and the network of
monitoring points for water bodies in Belgorod Oblast, the database “Basin Organization of
Nature Management: Design and Monitoring” was formed [107]. It is based on European
experience in river network monitoring within the framework of WFD [84] and creating a
unified spatial data infrastructure [120]. Considering the European directive INSPIRE’s
requirements, the database structure’s organization makes it possible to integrate regional
spatial data into the pan-European information space. However, when using European
approaches to hydroecological monitoring, it is necessary to consider the difference in un-
derstanding of the monitoring object: in Europe, the emphasis is on environmental control
of watercourses [84,121,122], while we have justified the watershed as a geosystem, which
is connected by united hydrological processes. The hydrographic-geographical typification
proposed in this work is mainly aimed at solving soil conservation problems. Therefore,
we have selected groups of target indicators, which show land use organizational structure,
hydrometeorological conditions, erosion processes, and the actual state of watershed’s
agricultural lands. To typify river basins of the same scale level, we used seven key factors,
each of which was selected according to the essential criterion for the set objective (Table 1).

Table 1. Statistical assessment of the typification indicators of river basins (n = 188).

Parameter
Woodland Cropland Ss

Es LS P
K,

km km−2%

Average 9.7 56.0 26.4 0.2 2.4 8.4 0.17
Minimum 0 0.7 6.9 0 0.7 7.8 0
Maximum 50.1 82.3 61.6 0.5 4.6 9.1 0.93

Standard deviation (σ) 10.0 14.0 6.7 0.1 0.8 0.4 0.12
Variation coefficient (V, %) 103 25 25 48 32 5 70

Ss—the proportion of the area of the southern exposure slopes; Es—soil erosion, LS—relief factor; P—the erosion
index of precipitation (rainfall erosion index); K—the river network density.

A quantitative assessment of arable land and forest areas was obtained in ArcGIS
9.2 based on an overlay of digital vector maps of land, which were updated using high-
resolution satellite images. The proportion of the area occupied by the southern exposure
slopes (Ss) was calculated based on the exposure distribution raster obtained from the DEM
with a sample of azimuth values ranging from 135 to 225◦. The soil erosion parameter (Es)
was expressed in terms of the weighted average yield coefficient for cereals depending on
the degree of erosion and soil subtype. Calculations of the weighted average Es for each
basin were carried out using the vector soil layers and erosion overlay method. The Slope
Length and Steepness (LS) Factor (relief function values) were calculated using the [123]
formula. From the resulting raster of LS values, the average LS values for each basin were
determined using the ZonalStatistics tool. The river network density (K) was estimated
using electronic topographic maps at a scale of 1: 200,000. Using the Field Calculator in
the attribute table of the vector layer, the values of the K parameter were also determined
for each basin. The erosion index of precipitation (P) is defined as the product of the
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kinetic energy of rainfall and its 30 min intensity [124]. The distribution raster of the P
exponent was obtained using the SpatialAnalyst module by extrapolating the contours;
using ZonalStatistics, a weighted average P was determined for each river basin.

2.4. Methods of Data Preparation

Various methods were applied to determine the spatial distribution of each parameter:
map-morphometric technique, geoinformation mapping/modeling, and remote sensing.
The selected characteristics are not intercorrelated, and they can comprehensively reflect
the ecological and economic status of the landscape basin structures. The source materials
included digital land-use maps (1:25,000), topographic maps, soil erosion survey materials,
a cartogram of the rainfall erosion index [124], and the results of our previous studies, i.e.,
digital maps of river basin boundaries and erosion networks [122], statistical data provided
by the Department of Agro-Industrial Complex and Environmental Restoration of Belgorod
Oblast. Some characteristics (woodland and plowing area; soil erosion; LS-factor [123]; the
proportion of the southern aspect slopes area; the erosion index of precipitation; the river
network density) are not correlated between themselves. This requires both separate and
synthetic analyses of their territorial distribution. In this paper, using the STATISTICA 10.0,
river basins of homogeneous types are selected based on the factors limiting the use of
natural resources in Belgorod Oblast. Digital vector layers of contour lines and elevations
obtained from topographic maps at a scale of 1: 25,000 served as the basis for constructing
the DEM. The study used the tools of the ArcGIS 10.2.2 software package to produce slope
maps, slope length, and slope exposure (“Surface Tools”), to calculate relief function values
by the formula [123] (Map Algebra), and to determine weighted averages for the basins
studied (Zonal Statistics), etc.

2.5. Classification of Objects

According to various estimates [6,110], soil cover in Belgorod Oblast is being destroyed
due to water erosion, with an average annual rate of 6 to 12 t ha−1. As a result, among
the five administrative regions that make up the Central Chernozem Region of European
Russia with an area of 167,856 km2, Belgorod Oblast is the most prone to erosion (the share
of eroded soils reached 60% of the area) and the length of the river network has decreased
by 38% over the last 200 years [118]. The choice of a set of informative key parameters
for the hierarchical classification of watersheds needed to reflect the complexity of natural
and economic conditions that would characterize the predisposition of the territory to the
manifestation of water erosion (geomorphological, soil, climatic, and ecological conditions).
It would also have spatial variation across the region. The coefficient of variation for a
sample of 188 river basins (Table 1) for six indicators exceeds 25% (a substantial degree of
variation) and is less only for the indicator of hydrometeorological conditions, the erosion
index of precipitation, the value of which uniformly increases from the southeast to the
northwest over the territory of Belgorod Oblast, varying from 7.8 to 9.1.

An algorithm of tree-like clustering by Ward’s method in the square of Euclidean
distance was used to typify the studied river basins. The classification into groups includes
a basic grouping procedure. We used the cluster analysis technique hierarchic classifica-
tion (unification by Ward’s method) based on the most informative indices normalized
through mean-square deviation. Subsequent evaluation, which determines the correctness
of the classifications, is important. In a specific study, a grouping of sample points of a
multidimensional space can be provided by both the procedure of cluster analysis and a
meaningful interpretation of the result using the values of threshold distance [125]. In our
case, this allowed all of the river basins (n = 188) to be grouped into larger sets so that they
were hierarchically classified. Two grouping boundaries were used using the values of
threshold distance (D): D is 25 (basin type), and D is 12 (basin subtype) (Figure S1). It is
important to note that the role of the selected seven factors (topography, climate, soil, and
ecology) is changed in individual clusters.
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2.6. Evaluation Criteria

The composition of the agroecological and hydroecological criteria for monitoring
includes both traditional indicators (three indicators of the land-fund structure; seven
indicators of soil quality; three indicators of water quality) and three complex ecological
coefficients. The coefficient of environmental sustainability [126] is calculated by the ratio
of the areas of “destabilizing” lands (industry and infrastructure, arable land, perennial
plantations, and reclaimed fodder lands) to “stabilizing” lands (nature reserves, forest
land, hayfields, moderately used pastures etc.) within the basins. The rating scale of this
coefficient includes five gradations, from below the optimum by more than 10% (KES > 2.41)
to above the optimum by more than 10% (KES < 0.39). The ecological stability coefficient
(KES) [127] is calculated by the Formula (1):

KES =
∑n

1 AiSi
A

(1)

where Si is the score corresponding to the area with certain natural security; A is the total
area of the study; Ai is the area of the corresponding type of land (i). The range of KES values
can vary from <0.33 (environmentally unstable situation) to >0.67 (environmentally stable
condition). The coefficient of natural protection [127] is calculated by the ratio between the
areas of “stabilizing” and “destabilizing” lands. The rating scale of this coefficient includes
five gradations, from critical (≤0.45) to favorable (≥0.71).

3. Results
3.1. Development of Soil Protection Projects for River Basins

There is a basin environmental management project in Belgorod Oblast, which is
unique for the Russian Federation [45]. This regulation provides scientific justification
for measures to create conditions for the sustainable functioning of ecosystems in the
river basins of Belgorod Oblast. The concept was adopted based on the development
conducted by Belgorod State National Research University scientists concerning soil and
water protection arrangement of small river basins [107,117], design stages, and methods
for basin environmental management [102,128,129].

Any basin environmental management project includes materials that assess the use of
natural resources and the environmental/ecological situation in a basin, as well as support
for a program of actions tailored to achieve watershed quality targets for natural resources
and an environment subject to sustainable and environmentally friendly development of
the regional economy. The basin nature management concept was implemented through
land-use planning projects for 63 river basins ranging from 67 to 1517 km2, which cover the
entire Belgorod Oblast. The practical implementation of the projects began in 2015.

The Belgorod Oblast’s executive authority controlled the standard for the project
preparation method statement, ensured a stable annual scope of work, and formed a
single base of electronic project data. The municipal authorities, as work commissioners,
provided a significant portion of original data, accepted design solutions on the watershed
areas, i.e., took responsibility for their implementation. A large number of participants
from local authorities was one of the main problems related to the implementation of
basin environmental management projects throughout the entire regional territory. For
instance, the measures on the optimization of gully network use required the involvement
of more than 330 rural settlements (communities) which had to hold meetings of locals
in a short time, determine areas for grazing and conservation of natural forage lands,
adopt regulatory documents, and carry out measures for afforestation of low-productive
and erosion-dangerous lands. The Government of Belgorod Oblast applied the project
management standard to implement this activity. As a result, the projects on conservation of
natural forage lands, afforestation within unproductive and degraded lands, restoration and
arrangement of water springs, and ecotourism development were successfully implemented
in cooperation with regional and municipal authorities.
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It became much more challenging to implement the measures on arable land for irri-
gation of hollows (small dry valleys), creation of protective forest stands, and introduction
of soil protection crop rotations, due to the reluctance of local farmers to reduce arable land
area and additional costs for the implementation of environmental protection measures.
In this regard, first, several legal acts were adopted at the regional level, including those
obliging end users of arable land to develop and implement projects for adaptive landscape
systems of agriculture and soil protection. Second, a regional service was established to
monitor and control the rational use of agricultural land and soil protection. In addition,
the Belgorod Oblast’s Government took systematic efforts to use the regional budget to
subsidize land-users who introduced the No-till soil protection system, engaged in chemical
reclamation of acidic soils, and implemented meadow and forest reclamation activities.

To coordinate the activities in this field, the Department of Agro-Industrial Complex
and Environmental Restoration introduced a departmental geoinformation system (geo-
portal). A specific feature of this system is that it can maintain real-time data exchange
between the server part (geoportal), smartphones, and tablets of government employees.
This system can also accept telematics data from agricultural machinery, remote sensing
data (Sentinel), and public cadastral map data.

3.2. Typification of River Basins by Environmental and Erosion Criteria

An analysis of the potential of the prevailing negative processes within Belgorod
Oblast has shown that this is primarily water erosion of soils. Therefore, agroecological
monitoring of Belgorod Oblast should contain detailed information on water erosion
processes (sheet/rill/gully erosion) in agricultural landscapes. The most informative
indicators considering topography, soil, and climatic-environmental conditions are selected
for river basin typification (Table 2).

Table 2. Indicators of the ecological state and predisposition of river basins to water erosion processes
in Belgorod Oblast.

Subtype 1
Woodland Cropland Ss

Es LS P
K,

km km–2
%

1.1 35.5 ± 10.4 34.6 ± 8.9 28.7 ± 5.8 0.2 ± 0.1 2.5 ± 1.1 8.4 ± 0.2 0.13 ± 0.07
1.2 12.7 ± 9.5 22.2 ± 12.6 26.8 ± 6.6 0.1 ± 0.1 1.5 ± 0.4 8.6 ± 0.1 0.12 ± 0.09
2.1 7.7 ± 7.2 66.3 ± 9.5 21.2 ± 4.8 0.1 ± 0.0 1.7 ± 0.5 8.3 ± 0.2 0.18 ± 0.11
2.2 5.9 ± 4.1 65.4 ± 7.0 21.4 ± 4.1 0.1 ± 0.0 1.7 ± 0.3 8.9 ± 0.1 0.25 ± 0.07
3.1 14.9 ± 7.8 46.8 ± 9.9 28.3 ± 3.1 0.2 ± 0.1 3.0 ± 0.4 8.9 ± 0.1 0.28 ± 0.09

3.2a 5.6 ± 3.9 63.0 ± 3.9 18.6 ± 4.9 0.3 ± 0.1 2.4 ± 0.6 8.4 ± 0.4 0.13 ± 0.08
3.2b 7.3 ± 4.0 59.5 ± 8.4 28.7 ± 3.2 0.2 ± 0.1 2.4 ± 0.3 8.6 ± 0.1 0.16 ± 0.07
4.1 8.6 ± 4.5 53.4 ± 6.6 29.1 ± 4.3 0.3 ± 0.0 3.1 ± 0.6 8.2 ± 0.2 0.12 ± 0.06
4.2 3.5 ± 2 64.0 ± 5.7 27.2 ± 4.1 0.3 ± 0.1 2.5 ± 0.6 8.0 ± 0.2 0.09 ± 0.08

1 Subtype numbers are consistent with Figure 5 and Figure S1. Ss—the proportion of the area of the southern
exposure slopes; Es—soil erosion, LS—relief function; P—the erosion index of precipitation (rainfall erosion
index); K—the river network density.

As a result of cluster analysis, the river (sub)basins are aggregated by anthropogenic
transformation criteria: plowing and forest area (Figure S1). They formed four types.
According to the terrain conditions in the selected types, there are nine subtypes of predis-
position to water-erosion processes (Table 2, Figure 5):

Subtype 1.1. The basins, which fall under the first type, have a relatively large forest
area and a relatively small arable land area. They have the most favorable ecological and
economic conditions because the areas of forests and arable land are approximately equal.
Such basins serve as a relative reference for environmentally sustainable territories, but
their share in the total area of the ecoregion is insignificant (only 9.5%).



Sustainability 2022, 14, 927 12 of 25

Figure 5. Typification of Belgorod Oblast’s ecoregion’s river basins by water erosion predisposition
and ecological status.

Subtype 1.2. Environmentally unstable basins where the main centers of settlement and
industrial development are located: the cities of Belgorod, Shebekino, Stary Oskol, Gubkin,
and the iron ore-mining complex of the Kursk Magnetic Anomaly. Due to their technology-
related transformation, these basins are isolated from other inter-settlement territories.

Subtype 2.1. A group of (sub)basins in the central and north-eastern part of Belgorod
Oblast. They belong to the basins of the Oskol River and Potudan’ River. The basins
of this subtype are characterized by very high plowing (66%) and small forestland area
(8%). The basins’ soils are poorly eroded, and the topography and climate conditions are
quite favorable (LS = 1.7, p = 8.3). The specific feature of this subtype is that one-quarter
of its territory was affected by glaciation during the Middle Neopleistocene. The parent
materials are mainly water-glacial sand deposits that have formed sandy and sandy-loam
soils. These soils are subject to wind erosion.

Subtype 2.2. These are the basins with weakly eroded soils in the forest-steppe zone
with a small forestland area. They are similar to subtype 2.1 and experience an intense
agrogenic load (stress). The topography of this subtype of river basins is quite favorable
(LS = 1.7, the proportion of the area of the southern slope is 21%), which reduces the risk of
intensive surface water runoff. However, compared with subtype 2.1, the probability of
intense rainfall is higher there (p = 8.9).

Subtype 3.1. This subtype is characterized by average afforestation and plowing areas
(more than 45%) under difficult topographic conditions. We should consider separately
a group of the (sub)basins of the Vorskla River basin with a combination of high soil
erosion and a relatively high forestland area (16%). This combination is unusual for the
forest-steppe zone. The reason is that dark grey forest soils were actively developed on
this territory after deforestation during the 17–19th centuries. These soils are extremely
unstable to erosion processes (compared to chernozems), which has resulted in soil cover
degradation and forming medium and strongly washed-out soils.
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Subtype 3.2a. This subtype is not characterized by territorial uniformity: small-area
river (sub)basins are dispersed in the central and western parts of the study region. Out of
all subtypes, this feature has the smallest share of the area of south-oriented slopes (19%),
which makes this subtype’s river (sub)basins less vulnerable to erosion processes during
spring snow melting.

Subtype 3.2b presents an extensive array of river (sub)basins with slightly eroded soils
in the central part of the study region. These territories are characterized by high agrogenic
load and low environmental stability: plowing area, 60%; woodland, 7%. It makes them
similar to subtype 2.2. The erosion potential of the topography determines the difference
between them. This subtype is characterized by higher values of the LS-factor (LS = 2.4)
and a large share of the area of the southern slopes.

Subtypes 4.1 and 4.2 include (sub)basins of type 4, which have highly eroded soils in
the east of the ecoregion and more than 50–60% of arable land. The forestland area of these
subtypes is extremely small, especially in subtype 4.2 (3.5%). Subtypes 4.1 and 4.2 mainly
differ in topography-induced erosion hazard: for the former, the terrain function (LS-factor)
is the highest of all the listed subtypes (LS = 3.1); for the latter, it is slightly less—Ls = 2.5.

3.3. Justification for a Sustainable Network of Hydroecological Monitoring

Several levels of hydrological monitoring can be highlighted: local (within industrial
centers, cities), regional (river basins), and state monitoring. An essential feature of a
river basin is its hydrological characteristic, which makes it possible to draw up the wa-
ter balance and model the spatial moisture content of the entire basin surface based on
rainfall information and data on water discharge in river outlet sections. Environmental
and anthropogenic factors determine spatiotemporal heterogeneity, which significantly
influences the location and number of river basins monitored, monitoring stations, and the
frequency of sample collection [77]. It is rational to place a sufficient amount of monitoring
stations to represent the general state of rivers and watersheds of the ecoregion, to minimize
economic costs during a monitoring arrangement. A regional monitoring network should
complement the state one [70]; thus, its configuration should be planned with due account
for maximum territorial coverage. To achieve this, it is advisable to estimate the total
area of a (sub)basin (Figure 4), the state of which is monitored at the existing state-run
monitoring stations. The existing hydrological gauging stations are, as a rule, confined to
river basins with large human settlements and industrial objects. The regional network
should be predominantly located in agriculturally developed basins, which are not covered
by national hydrological monitoring.

Hydroecological monitoring arranged in the river (sub)basin outlets provides an idea
of the amount of dispersed pollution, which is mainly caused by agriculture. It also gives an
integral view of migration and accumulation of substance flows within a river (sub)basin:
information on water discharge and suspended sediment load gives a generalized idea of
the intensity of water-erosion processes in the (sub)basin; at the same time, the indicators
of impurities of agrochemical origin allow for the estimation of the agro-geochemical state
of the soil cover of the (sub)basin. Such an arrangement of monitoring stations can improve
monitoring data accuracy while reducing cash costs [119].

A spatial analysis of the digital elevation model (DEM) of Belgorod Oblast has shown
that the total area of (sub)basins with outlet gauging stations, being part of the national
observation network, covers about 68% of its territory (Figure 6). From this, we have
justified the optimum locations for regional hydroecological monitoring stations (Figure 6,
Table 3).
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Figure 6. Proposed modernization of the regional hydroecological monitoring network in the Belgo-
rod Oblast’s ecoregion (the numbering of gauging stations is in Table 3).

Table 3. The structure and characteristics of the proposed hydroecological monitoring network of
Belgorod Oblast.

№ River
Distance to the

Mouth, km
Station Coordinates River

Order
(Sub)Basin
Area, km2

(Sub)Basin
Subtype 1Latitude Longitude

1 Ilek 22 50.910833 35.593071 5 248.35 2.2
2 Gotnya 0.6 50.718885 35.899074 4 35.78 3.1
3 Gostenka 4.1 50.578858 36.057886 4 157.14 2.2
4 Pena 12.6 51.033998 35.948687 5 916.42 2.2
5 Psyol 694 51.067101 36.490393 5 218.80 2.2
6 Donetskaya Seymitsa 41 51.173144 36.858024 4 478.47 2.2
7 Seim 49 51.328821 37.245266 4 165.02 2.2
8 Nezhegolok 1.2 50.533804 37.288257 4 365.30 2.1
9 Plotva 0.8 50.778289 37.600866 4 123.13 3.2a

10 Halan 1.1 50.943837 37.781619 4 281.54 3.2b
11 Borovaya Potudan’ 3.0 51.109235 38.406009 5 262.34 2.1
12 Sosna 0.7 50.588717 38.176864 4 165.51 4.1

13 A tributary of the
Userdets River 0.9 50.706822 38.46453 4 137.42 1.1

14 Chyornaya Kalitva 120.0 50.316144 39.041207 6 941.83 4.2
15 Sarma (Nagolnaya) 0.3 49.969805 38.935362 4 353.04 4.2
16 Aydar 222.0 49.869108 38.901401 6 1041.19 4.2

1 According to Figure 6.

When regional monitoring stations are placed according to the proposed scheme,
the coverage area will increase by 1.26 times and make up 86% of the ecoregion’s area.
For 100% coverage, the number of monitoring gauging stations needs to be raised at
least twofold, which is not economically feasible. This problem can be solved using
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the results of (sub)basin typification of the Belgorod Oblast’s ecoregion. The state of
river (sub)basins uncovered by the regional monitoring network (see Figure 6) can be
estimated by analogy with monitored (sub)basins of the same subtype. It is expected that
the water quality indicators will be similar for (sub)basins of the same subtype. First, this
concerns the amount of suspended sediment and applied agrochemicals, since the key
typification criteria were terrain erosion potential and cropland area. However, it should
be borne in mind that hydrochemical indicators in (sub)basins of the same subtype may
differ significantly in terms of impurities received from point sources of pollution (human
settlements and industrial and agricultural objects).

4. Discussion

An integrated approach that should consider stakeholder interests and the economic
value of water forms the basis of preventive measures for the sustainable utilization of
water resources [130]. Considering the concept of basin environmental management, we
implemented some land-use planning projects for the river basins, which cover the entire
territory of Belgorod Oblast [5,107,117]. The basin-administrative approach for organizing a
system of rational environmental management [117,131,132] was used because of the need
to overcome the mismatch of natural and administrative (economic) borders in matters of
information support, coordination of inter-farm land management, and coordination of
environmental and economic projects at individual levels. The municipal budget funded
the development of each basin management project with a 50% subsidy from the regional
budget. Such a funding scheme has provided several advantages. On the one hand, the
regional executive authority controlled the standard for the project preparation method
statement, ensured a stable annual scope of work, and formed a single base of electronic
project data. On the other hand, the municipal authorities as work commissioners provided
a significant portion of original data and accepted design solutions in watersheds.

During the design, all arable land owned by agricultural producers, regardless of the
form of ownership, was taken into account. The crop rotation fields, the areas pre-allocated
for conservation (mainly highly eroded and/or unproductive), irrigation drains, contour
forest strips, etc., were demarcated (Table 4).

Table 4. The arrangement of Belgorod Oblast resulted from the implementation of the basin organiza-
tion projects.

Land Fund Structure
Square, km2 Balance: +/−

Actual
(2011–2014)

After the Implementation
of the Projects km2

Arable land, including: 15,092.61 15,067.35 –25.26
arable land rotation: 0 14,590.13 0
cultivated field 0 10,364.74 0
grain grass 0 3290.36 0
soil protection 0 935.03 0
vegetable growing 2.58 2.58 0
bee parks (melliferous crops) 0 337.74 +337.74
arable land conservation 0 87.45 +87.45
grassed spillways 0 32.10 +32.10
Forest strips 543.20 568.46 +25.26
Remiza 1 0 10.85 +10.85
Small zakaznik 2 0 9.01 +9.01
Self-growth of wood and shrub
vegetation of fodder land 0 637.42 +637.42

Afforestation 242.79 883.74 +640.95
1 Remiza is a place with good protective conditions for fauna, where animals can take shelter from adverse
weather conditions and predators. Remiza can be both natural and artificial. In our case, these are artificial
shelters in which a person’s activity is deliberately reduced to decrease the factor of anxiety. 2 Zakaznik is the area
where temporary or permanent limitations are placed upon certain on-site economic activities, such as logging,
mining, grazing, hunting, etc.
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As a result of arable land planning, it was proposed to organize three types of crop
rotations: field type (68.8% of the projected arable land area), grain-grass type (21.8%), and
soil protection type (6.2%). Part of the arable land is temporarily put under conservation to
restore its productivity; 0.33% of the arable land located in the runoff concentration zone
(shallow gullies) has permanent irrigation for surface water discharge into a hydrographic
network. Polygonal forest strips should ensure that they protect the land against erosion.

According to the biologization program, about 10% of the sown area should be allo-
cated for planting annual grasses, green manure, and catch crops during crop rotation; up
to 50% of perennial grasses for grain-grass crop rotation; and up to 100% with conservation
crop rotation. Based on the results of the design work, it was found that at least 2986.43 km2

of perennial grasses and 3627.92 km2 of green manures should be sown in Belgorod Oblast.
Based on the average yield of perennial grasses and green manures, it was calculated
that more than 5.7 × 106 t of humus would be formed annually, and about 121 × 103 t of
biological nitrogen would be accumulated.

The extent of eroded land prevalence in the list of monitoring indicators reflects the
soil areas, which are subject to water erosion and classified by erosion degree with division
into by land types. The effect of water erosion on soil state can also be estimated from
the reserves of organic matter in the plow horizon of the soil [133–135]. These criteria are
updated once every five years; an additional growth indicator should be introduced for
the previous survey period to reflect the dynamics of water erosion processes. This shows
whether water erosion processes are effectively regulated and how successfully agricultural
landscape soil protection measures are being implemented. It is also promising to move
from accounting individual factors of soil water erosion to assessing and predicting erosion
hazard for agricultural landscapes by calculating the potential average annual soil erosion
losses [136–139] and hazard evaluation of gully erosion [140,141].

The results of monitoring the implementation of measures determined by the basin
environmental management projects showed that in 2019, arable land in the river basins of
Belgorod Oblast was occupied by perennial grasses on an area of 1356.9 km2 and green
manures on an area of 2789.34 km2, which amounted to 45.4% and 76.9% of the projected
area, respectively. Since the start of the projects, 10.62 km2 of forest strips (42%) have been
planted and 32.10 km2 of arable land have been converted to meadow vegetation. This has
significantly changed the situation with the solution of soil protection problems.

The project was practically implemented on more than 330 rural settlements (com-
munities). For the effective implementation of afforestation activities for low-yielding and
erosion-dangerous lands, restoration and arrangement of water springs, determination of
the legal status of plots for grazing, and conservation of natural forage lands, the Belgorod
Oblast Government applied the project management standard, which was adapted for use
in Belgorod Oblast’s public authorities [142].

Implementing cropland measures to irrigate hollows (small dry valleys), create pro-
tective afforestation, and introduce conservation crop rotations has become much more
difficult due to the reluctance of local farmers to reduce their arable land and put them-
selves at risk due to the additional costs of environmental protection measures. In this
regard, first, some legal acts were adopted at the regional level, including those obliging
end users of arable land to develop and implement projects for adaptive landscape systems
of agriculture and soil protection [143]. Second, a regional service was created to moni-
tor and control the rational use of agricultural land and soil protection. In addition, the
Belgorod Oblast Government [144] took systematic efforts to use the regional budget to
subsidize land users who introduced the No-till soil protection system, engaged in chemical
reclamation of acidic soils, and implemented meadow and forest reclamation activities.

The Department of Agro-Industrial Complex and Environmental Restoration intro-
duced a departmental geoinformation system (geoportal) for the coordination of activities.
A special feature of this system is that it can maintain real-time data exchange between the
server (geoportal) part, smartphones and tablets of government employees; this system can
also accept telematics data from agricultural machinery, remote sensing data (Sentinel), and
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public cadastral map data. In 2021–2022 the Department plans to expand the functionality
of the departmental geoinformation system, primarily in terms of exchange of information
in real time with the information systems of universities, specialized institutions, and
agricultural enterprises.

All 21 municipalities of Belgorod Oblast are assessed based on the implementation of
the basin management projects (Table 4). The municipalities regularly submit data on the
state of their river basins to the Department of Agro-Industrial Complex and Environmental
Restoration. It is possible to assess the effectiveness of basin-type environmental manage-
ment by integrating agro- and hydro-ecological monitoring systems. For this purpose, a
list of agro- and hydro-ecological criteria is proposed (Table 5).

Table 5. Integrated agroecological and hydroecological criteria for monitoring the effectiveness of the
implementation of basin management projects.

No Evaluation Criterion Unit of Measurement

1 The area of afforestation km2

2 The area of land under conservation km2

3 The area of meadows km2

4 The humus content of the topsoil (0–20 cm) %
5 The content of mobile forms of phosphorus mg/kg
6 The exchangeable potassium content mg/kg
7 The easily hydrolysable nitrogen content mg/kg
8 pH (actual/potential) dimensionless
9 Total index of soil pollution dimensionless
10 Module of soil losses from the watershed area ×103 kg/km2 per annum
11 Water pollution index (WPI) points
12 Water saprobity index points
13 Fish productivity kg/km2

14 The coefficient of ecological stability dimensionless
15 The coefficient of natural protection dimensionless
16 Coefficient of environmental sustainability dimensionless

The river (its regime and correlative sediments (channel sediment, floodplain allu-
vium, terrace deposits)) is the carrier of the most complete information about intra-basin
events and natural and economic conditions of the entire catchment area, and the water
masses of rivers most clearly diagnose these conditions. The estuary (the outlet section
of watercourses) is the focus of key material and energy flows, such as surface and sub-
surface runoff of water masses and migration of dissolved substances and sediments.
The most integral picture of the migration and accumulation of matter fluxes within the
basin can be obtained by hydroecological monitoring if it is organized in the outlet section
of watercourses. The basin approach harmoniously links the results of agroecological
and hydrological (hydroecological) monitoring through common features and unidirec-
tionality of the process of functioning of drainage basins. On the one hand, in the river
(sub)basins, the state of the land, primarily for agricultural purposes, directly affects the
water quality and the river’s hydrological regime. On the other hand, the peculiarities
of water processes in slope systems determine the intensity of water erosion processes in
agricultural landscapes, significantly affecting soil fertility. Prospects for the integration of
agroecological monitoring of land use in catchments and hydroecological monitoring of
surface waters are determined by the fundamental features and high information potential
of the hydrographic network as a hierarchical cascade system, consisting of points of the
confluence of lower-order channels into higher-order channels, the synergy of which is
focused in the outlet section, up to the main mouth of the watercourse. The integration
of agroecological and hydroecological monitoring makes it possible to assess the impact
produced by human activities on the runoff and water balance in river basins. It is critical
to rely on the landscape and hydrological principles [101,145] in such a case. This makes it
possible to move from a point of any drainage basin to its entire area based on the studied
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patterns of changes in the water balance and hydrological regime of landscapes, which are
typical of natural territory. This makes it possible to transfer the analysis from a point of any
watershed area to its entire territory based on the studied patterns of changes in the water
balance and hydrological regime of landscapes typical for natural areas [146]. Orderly and
up-to-date information on the basin organization of the territory is fundamentally essential
for environmental management, especially when planning the development of industries
associated with the use of significant volumes of water resources [103]. This problem is
wholly characteristic of Belgorod Oblast, where there are further plans to develop the
enterprises of the iron ore complex and increase the volume of water consumed.

The modern hydrological monitoring system shows that since implementing the Basin
Environmental Management Concept, several key indicators have improved in values
(Figure 7).

Figure 7. Changes in water quality in the regional rivers between 2013 and 2018 (1—Seversky Donets
River (997 km from the mouth), 2—Razumnaya River, 3—Oskol River (430 km from the mouth),
4—Gerasim River, 5—Oskol River (180 km from the mouth), 6—Seversky Donets River (950 km from
the mouth), 7—Udy River, 8—Lopan River, 9—Vorskla River).

An analysis of the data in Figure 7 (biochemical oxygen consumption (BOC5), am-
monium nitrogen, cooper, nitrites, and phenols) shows that the river network has become
less polluted. However, to assess the efficiency for the entire territory, it is necessary to
expand the monitoring network, which will inevitably lead to economic costs. The next
step in using our proposals should be the transition to an automated system of hydrological
monitoring, which will ensure the stable functioning of the monitoring network and the
information-technological base of territorial administrations, the creation of a single net-
work resource, and interaction with external information systems [147,148]. In this regard,
attention should be drawn to two existing water quality assessment approaches. The first
group of methods intends to obtain a set of different characteristics [149,150] that reflect
water quality assessment based on a detailed set of hydrochemical, microbiological and hy-
drological indicators. At the same time, they often do not give an unambiguous evaluation
and refer to the same condition of water bodies by separate indicators to different classes of
pollution. The second group includes monitoring methods that are based on the integration
of its components, which allows us to obtain a reasonable idea of water quality in general.
It is apparent that it is difficult to adequately convey all the information about a system
as complex and multi-component as surface water. Nevertheless, integrated monitoring
methods allow solving tasks related to identifying pollution classes from the spatiotemporal
aspect and making operational decisions in the dynamics of water management and water
protection situations. However, such methods are usually less expensive.

The European Water Framework Directive (WFD) focuses on hydrological and geo-
morphological processes and maintaining the ability of the water flow, in order to ensure
the continuity of sediment transport along the river system [83]; the main emphasis in
the implementation of the WFD is placed on monitoring the state of the hydrographic
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network [84]. The implementation of the concept of basin nature management, which we
developed, differs in that after the completion of the design work, there was a period of
implementation of soil and water protection measures in the watersheds of small rivers
(2015–2021). Starting from 2022, a sediment removal program will be implemented in
39 river sections of the study region. Experience with hydro-biogeochemical modeling
within the framework of WFD methodology has shown the need for the quality of water
bodies on an intra-annual scale, which will require the development of more innovative
monitoring systems by coupling both time-adaptative automated monitoring networks
and modeling tools [151].

5. Conclusions

For all river basins of Belgorod Oblast, basin projects of nature management have
been developed based on landscape and ecological principles in compliance with the
requirements of the regulatory framework, including the regional one. The projects are
being implemented in practice, and the first results show that the proposed measures are
effective both for soil cover and for improving hydrological indicators.

Agroecological and hydroecological monitoring can be interlinked through the pro-
posed system of 16 indicators that integrate soil cover and water quality in river basins. A
combined analysis of data from such an integrated system will allow for the assessment of
the impact of human activity on river basins’ runoff and water balance.

The development of an integrated monitoring system should be based on landscape
and basin principles with due account for the existing network of national hydrological
monitoring. However, it is advisable to supplement it with a regional network. The
typification of river basins according to key environmental factors (terrain, climate, soil,
ecological situations) is of great importance for understanding how integrated data on
natural and economic conditions within the river (sub)basins should be taken into account
for an efficient (that is, both minimized and most informative) two-level network of state
and regional hydroecological monitoring system. There is a need to use a new approach to
improve the hydroecological monitoring network, as the state network was created without
considering the four types of river basins we established in the region. Therefore, additional
gauging stations on the regional rivers will make it possible to obtain a complete picture
of river flow formation depending on specific typical natural conditions. In addition
to 117 river basins with 15,502 km2 area covered by the state monitoring network, the
modernization proposed for Belgorod Oblast has enabled the provision of control over
another 44 regional river (sub)basins with a total area of 5891 km2. The above studies
allowed for determination of the optimal configuration of the regional monitoring network,
which should increase the area covered by hydroecological monitoring from 16.7 × 103 to
about 21 × 103 km2, i.e., by 1.26 times.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/su14020927/s1, Figure S1: Results of the cluster analysis on erosion
hazard and ecological status in 188 river basins of the Belgorod Oblast’s ecoregion. (A, B)—the border
of the threshold for determining the types (subtypes) of basins (I–IV—types; 1.1–4.2—subtypes).
Subtype 3.2a. This subtype is not characterized by territorial uniformity: small-area basins are
dispersed in the central and western parts of the region. Out of all subtypes, this feature has the
smallest share of southern slopes (19%), which makes the river basins of this subtype less vulnerable
to erosion during spring melting of snow. Subtype 3.2b includes a large array of river basins on
slightly eroded soils in the central part of the region. These territories are characterized by high
agrogenic load and low environmental stability: cropland, 60%; woodland, 7%. This makes them
similar to subtype 2.2. The difference between them is the erosion potential of the terrain: this
subtype is characterized by higher values of LS-factor (LS = 2.4) and a large share of the area of the
southern slopes. Supplementary material associated with this article (source database) can be found
at 10.17632/43sp4rxzsh.1.
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