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Abstract: The problem of choosing the type of land use is now more relevant than ever. Against
the backdrop of the growth of urbanized territories, the challenge is to preserve cropland, maintain
the quality of soil resources, and find a balance between competing land uses. Forecasting and
modeling changes in the area of cropland is a sought-after area of research against the backdrop
of a growing shortage of fertile land and a threat to food security. In this study, on the example
of one of the agriculturally most developed administrative regions of Russia (Belgorod Oblast), an
approach to statistical modeling of agricultural land areas over the past 30 years is shown. Two
approaches were used: statistical modeling of the dynamics of the total area of the study region’s
cropland depending on the balance of other types of land and spatial interaction modeling of cropland
in a key area. For the study region, administrative districts with positive and negative cropland
dynamics were identified; the main types of land were revealed, due to which cropland is withdrawn,
and a regression balance model was developed. It was revealed that the implementation of the
planned regional programs to expand the development and conservation of meadow lands will
reduce cropland by 3.07% or 83.2 thousand ha. On the example of one of the administrative districts
with high rates of urbanization, the probability of cropland transformation into other types of land
was estimated and a predictive spatial model of land use was developed. According to the forecast,
about 6.2 thousand ha of cropland will turn into residential development land, and 2/3 of their
area will be concentrated within 6 km from the borders of the regional capital city (Belgorod). The
presented approach to forecasting the area of cropland and the threats of its reduction due to the need
to replace other types of land is relevant for all agricultural regions and countries with developing
urbanization processes.

Keywords: land resources; cropland; meadow; urbanization; correlation analysis; spatial modeling;
regression equation; factor load; land-use management

1. Introduction

Land is one of the components of the natural environment and its unique resource.
It combines the functions of the territorial basis of human activity, the source of storage
and reproduction of other resources and the main means of production in agriculture and
forestry. Land as a means of production is considered a conditionally renewable natural
resource, since the soil, which is the basis of its fertility, can reproduce itself, but the period
of its formation lasts hundreds and thousands of years. Cropland is the main land use
that implements production functions. According to the Food and Agriculture Organiza-
tion of the United Nations [1], temporary and permanent cultivated crops occupy over
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1500 million ha. The overall change in agricultural land area since 2000 is small; however,
cultivated land has increased by 24 million ha (1.8%). The increased demand for global
food production over the past half century has contributed to agriculture intensification
and resulted in the depletion of the natural resources of many agroecosystems. Against
the background of the global demand for increased agricultural productivity, there is a
global systematic reduction in the area of especially valuable fertile land due to aridity, soil
erosion, vegetation decline, soil salinization, and soil organic carbon decline. Among the
processes of degradation of agricultural landscapes, the problem of water erosion of soils
stands apart, the consequences of which negatively affect the complex state of the entire
river-basin territorial structure, from river-basin divides to river–valley thalwegs [2].

According to [3], soil degradation in agricultural landscapes has resulted in nearly 33%
of the world’s cropland being lost over the past 40 years. Another threat to the reduction
in cultivated land resources is the expansion of urban land. The land taken under the
influence of the urban sprawl process can displace all types of agricultural land use and
lead to environmental challenges, especially for biodiversity conservation [4].

In many countries, leading in the production of goods and services in the sphere of
consumption, the land transformation process is ongoing. That said, abandonment does
not necessarily occur in marginal areas, but more in areas where competition between
smallholders and large enterprises is strong [5]. Between the countries, an imbalance
between the actual provision of cropland and the products received from them for export
was revealed. Due to global trade, some countries have acquired the status of “suppliers”
of cropland resources [6].

The Russian Federation is one of the largest grain exporters in the world. It occupies
one of the leading places on a global scale according to three main indicators: total arable
area; plowed (cropland) area; cropland area per capita [7]. However, at the same time, the
Russian Federation is among the most vulnerable countries in the world to the various
pathways of cropland degradation [8]. The current trend towards a decrease in the area of
cropland in the country, combined with a high risk of water erosion of soils [9–11], makes
the issue of patterns of cause-and-effect relationships between the transformation of land,
forecasting scenarios for their development, and creating appropriate models relevant.
Such data can be obtained by modeling and predicting land dynamics [12,13].

Different modeling approaches are used in land-use/land-cover change research for
the study and prediction of changes in land-use intensification and may be useful in
describing the decision-making processes [14,15]. The fundamental problem faced by
researchers is that it is difficult to find an efficient model that could include both spatial
and temporal factors [16,17]. Such a model of spatial dynamics is of decisive importance
for the analysis and modeling of the quantitative composition of lands. In fact, land
transformation models can be divided into two groups: statistical description models [18]
and spatial transitional models [19–21].

In this study, on the example of one of the agriculturally most developed administra-
tive regions of European Russia (the European part of Russia)—the Belgorod Oblast—a
model that describes the statistical scenario for the transformation of cropland (including
cultivated land under temporary crops and permanent crops) was developed. For the
Belgorod (municipal) district of the Belgorod Oblast, which is in the process of active
expansion of the city of Belgorod (the capital city of the study region), a spatial forecast for
the reduction in cropland was given.

2. Study Area

The Belgorod Oblast (27,123 km2; 1,536,466 inhabitants (2022)) is a typical agricultural
administrative region of the Chernozem zone of European Russia, where cropland prevails
in the land structure (cultivated land and perennial plantations occupy 60.6% and 1.3%,
respectively, according to official data as of 1 January 2022 [22]) (Figure 1). The high
agroecological potential of the region and the long-term productivity of agricultural crops
indicate that the Belgorod Oblast plays a significant role in ensuring the food security
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of the country. Over the past 70 years, the structure of land has undergone significant
transformations, which are due to changes in the socio-economic vector of land use [23].
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Figure 1. The Belgorod Oblast and its modern (as of 1 January 2022) structure of land use. The admin-
istrative districts of Belgorod Oblast: STR—Starooskolskiy, BLG—Belgorodskiy, GBK—Gubkinskiy,
VLKN—Volokonovskiy, ALKS—Alekseyevskiy, VLSK—Valuiskiy, KRCH—Korochanskiy,
NVSK—Novooskolskiy, YAK—Yakovlevskiy, KRSN—Krasnenskiy, RAK—Rakityanskiy,
CHER—Chernyanskiy, KRGV—Krasnogvardeyskiy, SHB—Shebekisnkiy, IVN—Ivnyanskiy,
BRS—Borisovskiy, PRH—Prokhorovskiy, KRYA—Krasnoyaruzhskiy, GRV—Graivoronskiy,
RVN—Rovenskiy, and VLD—Veidelevskiy.

The Belgorod Oblast is characterized by the polarization of the socio-economic space
relative to regional metropolises and territories controlled by them [24]. The capital city of
the Belgorod Oblast, the city of Belgorod (pop. about 330,000 inhabitants), is the largest city
in this administrative region. It is the largest regional metropolis around which the urban
agglomeration is formed. Subsidizing by the government of the region of private housing
construction contributed to the growth of the population of rural areas adjacent to the city,
up to 25%. This expansion occurred mainly due to the withdrawal of land from cropland.
The combination of intensive plowing in the region with increasing urban anthropogenic
pressure caused a sharp deterioration in the hydroecological situation of the urbanized
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basins of small rivers and resulted in the exhaustion of the self-purification potential of
these rivers [25].

3. Materials and Methods
3.1. Data Sources

The chosen approach for modeling cropland in the study region is based on the
principle of balance: the model shows what other types of land can change the area of
cultivated land. The following categories of land within the boundaries of the Belgorod
Oblast were selected: cropland (including cultivated land under temporary and permanent
crops), meadows (including hayfields and pastures), forests (the state forest fund and
other lands occupied by natural and artificial forests), wetlands, urban and industry area
(including industrial enterprises, roads, etc.)—UIA, as well as other lands not used in
agriculture. A database was compiled for each of the 21 administrative districts of the
Belgorod Oblast in four time slices with an interval of 5–10 years: 1995, 2005, 2015, and
2020. For this, official information from the Department of the Federal Service for State
Registration, Cadaster and Cartography for Belgorod Oblast [22], the State Archives of
Belgorod Oblast, and reports from the Federal State Statistics Service [26] were used. For
comparability of data for administrative districts, the absolute values of land areas were
converted into their shares of the area of the corresponding district (in %). Further, for each
consecutive pair of time intervals (1995–2005, 2005–2015, and 2015–2020), the difference in
the increase in the share of different types of land use was calculated. After eliminating
outliers, the final sample was 62 observations.

The spatial structure of cultivated land in the Belgorod district (including the city of
Belgorod) was assessed for two time slices and a geodatabase was created. According
to the fund cartographic data of the land structure of the early 1990s (1:25,000), a field
mask was created. These boundaries were refined using high-resolution satellite images for
2022 (using the Google Earth resource and the regional spatial database center of collective
usage, “Centre for Aerospace and Ground Monitoring of Objects and Natural Resources
of Belgorod State National Research University”). Using the overlay method of vector
masks of fields, the territories withdrawn from cultivated land over the past 30 years were
determined. Their current land use was detected using satellite images and open cadastral
information [27], which indicates the actual intended use of the land.

3.2. Statistical and Spatial Modeling Methods
3.2.1. Statistical Model of Cultivated Land Area Dynamics

The simulation of cultivated land area dynamics of the Belgorod Oblast was carried
out using the STATISTICA.10 (StatSoft, Moscow, Russia) software product. The hypoth-
esis about the normality (symmetry) of the sample distribution was tested using the
Kolmogorov–Smirnov and Shapiro–Wilks coefficients. In our example, cases indicating an
abnormal distribution were identified, so Spearman’s rank correlation coefficients were
used to assess the strength of the relationship.

To determine the set of predictors and the degree of their influence on the result
attribute (sign–result) (change in share of cropland), correlation indicators were calculated.
Lands with a statistically significant effect on the area under crops (p < 0.05) were selected
for the modeling.

The analytical form of the dependence under study is expressed with a regression
equation that reflects the main trend of the relationship (dependence) characteristic of
the statistical aggregate under study. The modeling was carried out using multiple linear
regression analysis methods. The dependence of the change in the area of cropland on
other lands was revealed as a function of the following type (trend line):

Y = β0 + β1X1 + ... + βkXk +
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where Y is the calculated theoretical value of the result attribute (sign–result); β0, β1, . . .,
βk are regression equation parameters; X1, . . ., Xk are values of independent variables;
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a random value. The values of the parameters of the regression equation were calculated
with the least squares method.

3.2.2. Spatial Probabilistic Model of an Urbanized Territory

One of the most effective and widely used methods for modeling changes in the
Earth’s surface, taking into account the spatial interaction of its components, is the use of a
distributed model [18], where each space element (raster model cell) corresponds to the
probability of the transition of the current land-use type to another under the influence
of independent predictors. This model was implemented for the Belgorod administrative
district, where the processes of developing the urban environment and replacing cropland
with residential development are actively occurring.

Based on data on the dynamics of the spatial structure of land in the Belgorod Oblast,
a spatial-probabilistic model of the transformation of cultivated lands in the study region
was developed. The modeling process is presented in Figure 2.
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For the forecast, the method of polynomial logistic regression was used. The model
parameters were calculated in the STATISTICA.10 (StatSoft, Moscow, Russia) program
using a package of non-linear forecasting methods. The model was selected based on the
significance of the Chi-square (χ2) test (p < 0.05), the AUC ROC curve, the normality of the
distribution of the residuals of the model, and its accuracy (coincidence between predicted



Resources 2023, 12, 127 6 of 16

and actual values). The result of the model shows the probability (recalculated logit value)
of the transition of cropland to the selected type of land for given independent predictors:

P(Yi = 1) = F(zi) =
1

1 + e−zi
=

1
1 + e−(β0+β1Xi)

, (2)

where P is the probability, F(zi) is the logit function, β0,1 are the model parameters, and X is
a predictor (independent variable). The following indicators are considered as independent
predictors of the model: the distance from the border of the city of Belgorod (L, km), the
distance to the nearest settlement (D, km), the average population (I, thousand people),
as well as such terrain parameters as slope (S, degree) and topographic position index
(TPI, dimensionless).

The main areas of the former cropland “gravitate” towards the suburbs and are part
of the urban agglomeration; therefore, the distance from the city was considered as one
of their predictors. For rural areas remote from the city, the dynamics of cultivated land
can be affected by the distance to the nearest settlement. These indicators were calculated
on the basis of a layer of points of settlements using the Euclid distance method. The
average population is presented in raster form using the Spline interpolation method
with the Tension option. The terrain parameters were estimated using a digital elevation
model (DEM) with a resolution of 30 × 30 m, built based on isolines of topographic maps.
For the Belgorod Oblast, geomorphic conditions are one of the limiting factors of crop
production [28]. The cultivated land is located on slopes with a steepness of up to 7◦, which
are dissected by a dense erosional network. Considering the magnitude of the slope, the
erosion-control structure of the sown areas of the region is designed. The topographic
position index shows the position of a point on a slope and characterizes landform types. It
is calculated as a mean deviation: positive values are typical for the hilltop, and negative
values are typical for the valley bottom. The absolute value of TPI is calculated as the
difference between the elevation of each DEM cell and the average elevation in a given
neighborhood around it (2 km for a given study object).

Spatial modeling was performed in ArcGIS 10.5 using toolsets Surface, Neighborhood,
Interpolation, Distance, Zonal, and Reclass. Raster layers with a single resolution of
30 × 30 m were created for the predictors of the model. For each polygon of the former
cropland, the weighted average values of cells of the predictor rasters were calculated.
These data formed the basis of 428 observations for the development of the regression model
(200 buildings, 49 dachas (summer houses), 179 meadows). After statistical processing, the
model was implemented in a spatial form using the Raster Calculator tool. Based on the
input predictor rasters for each cell, the probability of transforming cultivated land into
another land type was calculated. For mapping, a probability threshold of P > 0.75 was
chosen; isolated outliers over an area less than the minimum for the type of land use in the
original sample were eliminated.

The proposed approach to developing a spatial probabilistic model is methodologically
close to the cellular automata method [29,30], since the probability in a grid of cells is
analyzed. However, our study does not take into account the local effect of neighborhood
cells, and there are no mechanisms for setting forecast periods.

4. Results
4.1. Forecasting the Area of Cropland in the Land Fund of the Belgorod Oblast

The history of the dynamics of the land fund of the Belgorod Oblast shows periods of
active transformation of different types of land [31]. Various functional dependencies of
variables were established (Figure 3). According to this figure, the graphical expressions
of relationships for the variables “Cropland” and “Urban and industry area” are similar
to linear functions, the variable “Wetlands and water” is similar to a power function, and
“Meadows” and “Forests” are similar to a sinusoid function. Thus, the disharmonious
nature of the change in land area of the study region in 1955–2020 was revealed.
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Over the entire period analyzed in Figure 3, the dynamics of changes in the area of
cultivated land were negative. Since the mid-1950s, the regional government has chosen
a course to combat soil erosion with water on agricultural lands and restore soil fertil-
ity. Massive forest reclamation measures were carried out in the region: organization of
erosion-control forest strips, afforestation of small dry valleys, and banks of rivers, reser-
voirs, and lakes. As a result of soil conservation work, the area of cultivated land decreased
and the area of forests increased. In 1965, the construction of ponds for irrigation of agricul-
tural land began, and reservoirs were created. As a consequence, the area of natural forage
lands decreased due to their transformation into water fund lands (water bodies).

Since the mid-1990s, after the collapse of the Soviet Union and the beginning of the
land reform of the Russian Federation, a change in the nature of these curves has been
observed for all lands. In most cases, the rate of transformation has slowed down and
stabilized, except for building areas. The latter show the most intensive increase since
1995 by 20.9 thousand ha (+19%). The area of cultivated land continued to decline, but
much more slowly than before 1995. Over the past 30 years, the cultivated land area of the
study region has decreased by 14.3 thousand ha (−0.9%).

A more detailed consideration of the structure of land at the level of individual
administrative districts of the Belgorod Oblast identifies various established types of land
use, in which the area of cultivated land has been both decreased (12 districts) and increased
(9 districts) since the 1990s (Figure 4). However, the increase in cropland in some districts
is not significant (on average, by 0.2%). The reduction in cropland in most cases is less
than 0.7%. The exceptions are three districts where the expansion of suburbs is actively
underway: the share of cropland has decreased to 4.4%.
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Figure 4. The structure of land use by administrative districts of the Belgorod Oblast (for 2020). The
arrows show the dynamics of cropland (in %) since the 1990s until now.

The results of Spearman’s correlation analysis of the strength of the relationship
between land dynamics and its significance are presented in Table 1.

Table 1. Matrix of paired correlation coefficients for changes in the areas of various categories of land
in the Belgorod Oblast (European Russia) during 1995–2022.

Variable Cropland Meadows Forests Wetlands and
Water UIA Other Lands

Cropland — –0.39 –0.21 –0.15 –0.63 –0.23
Meadows –0.39 — –0.13 –0.03 0.22 –0.43

Forests –0.21 –0.13 — 0.31 –0.04 0.11
Wetlands and water –0.15 –0.03 0.31 — –0.07 0.42

UIA –0.63 0.22 –0.04 –0.07 — 0.22
Other lands –0.23 –0.43 0.11 0.42 0.22 —

Note: Statistically significant relationships are highlighted in green (p < 0.05).

For cultivated land, all dependencies are inverse, which is consistent with the balance
approach to the study of land-use changes. Statistically significant inverse relationships
were established for two types of land: weak for meadows (r = −0.39) and medium for UIA
(r = −0.63). This allows us to conclude that the changes in the area of cropland occurred at
the expense of these two types of land, with the latter factor making a larger contribution.

Thus, based on the correlation analysis, the presence of statistically significant rela-
tionships between the mutual transformations of different types of land over time was
revealed. On this basis, we obtained the following non-linear regression model of cropland
change, depending on UIA and meadows:

Y = −0.056 − 0.798X1 − 0.954X2, (3)

where Y is the change in the share of cropland in the area of the Belgorod Oblast (%); X1
is the change in the proportion of meadows in the area of the Belgorod Oblast (%); X2 is
the change in the share of UIA in the area of the Belgorod Oblast (%). The main estimated
indicators of the equation, correlation indicators, as well as the results of calculating the
parameters of the regression equation and assessing their significance are shown in Table 2.



Resources 2023, 12, 127 9 of 16

Table 2. Correlation coefficients and estimation of the multiple linear regression equation for model-
ing changes in the area of cropland in the Belgorod Oblast (European Russia).

Estimation of Correlation and Regression Equation as a Whole

Multiple R R2 Fc (2;59) p-Value SE

0.84 0.71 70.72 <<0.05 0.22

Estimating the parameters of the regression equation

Variable β0-k tc (59) p-value SE

Free member β0 –0.056
Independent
variable (X1-k):

Meadows –0.798 –7.66 <<0.05 0.10

UIA –0.954 –8.59 <<0.05 0.11

Fc—calculated F; tc—calculated t.

The multiple correlation coefficient, Multiple R = 0.84, indicates a strong positive
relationship. The value of R2 = 0.71 means that 71% of the variation in the area of cropland
(Y) depends on the independent variables (X1-k) taken into account in this study. The
statistical significance of the equation as a whole was assessed based on the Fisher F-test. In
general, the regression equation is statistically significant. Thus, the relationship equation
includes precisely those factors that play a decisive role in changing the value of the result
attribute (“Cropland”); the change in the area of cropland is statistically related to the
change in the area of meadows and UIA. According to the dependence obtained, with
an increase in the share of meadows in the land fund of the Belgorod Oblast by 1%, the
share of cropland decreases by 0.85%, and with an increase in UIA by 1%, the share of
cropland decreases by 1.01%. The difference between the land shares is compensated with
the increase/decrease in other types of land use not included in the model.

Let us give an example of forecasting changes in the area of cropland by 2025. Accord-
ing to the State program “Development of agriculture and fish farming in the Belgorod
Oblast“, the area of meadows should expand from the current 455 thousand ha (16.77% of
the area of the region) to 545 thousand ha (20.08%). At the same time, according to another
State program, “Providing affordable and comfortable housing and utilities for residents of
Belgorod Oblast”, by 2025, the planned UIA will be 140.5 thousand ha (5.18%), while now
it is 130.2 thousand ha (4.80%). By 2025, the growth of meadows relative to the total area of
the region will be +3.32% (X1), and UIA will be +0.38% (X2). According to Equation (3), the
change in cropland will be

Y2025 = −0.056 − 0.798 × 3.32 − 0.954 × 0.38 = −3.07 (%). (4)

Considering the fulfillment of the indicators of all the State programs, the share of
cropland in the structure of the land fund of the Belgorod Oblast will decrease by 3.07%,
i.e., 83.2 thousand ha will be withdrawn from agricultural use. The resulting empirical
regression model can be applied in practice to predict data on the consequences of the
impact of land rotation on their quantitative composition. Since the result is expressed as a
change in the share of the area, such a model approach can be applied both for the entire
territory of the region and for its individual administrative districts.

4.2. Spatial Model of the Dynamics of Cropland in an Urbanized Area

Assessment and forecasting of changes in the spatial structure of arable land were also
made within the boundaries of the Belgorod (municipal) district (1474.73 km2; 191,744 inhabitants
(2021)), including the city of Belgorod (see Figure 1). Over the past 30 years, in this area,
according to official statistics, cropland has decreased by 4.7 thousand ha, which is 28%
of the total decrease in cropland in the study region. However, based on the analysis of
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cartographic sources and satellite images, it was found that during this period cropland
decreased by 19.3 thousand ha, which is four times higher than land statistics. The dynamics
of cropland in the Belgorod district are shown in Figure 5.
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Based on cartographic data of changes in the structure of land in the Belgorod district,
it is possible to check the applicability of the model (see Equation (3)) for this area. In the
early 1990s, UIA occupied 13.0% of the area of the district (21.2 thousand ha); by 2022, this
territory increased to 22.8%. The difference is 9.8%. According to the calculation results,
the share of meadows in the district increased by 0.7%. Applying the formula of Equation
(3), we obtain a decrease in the share of cropland in the district by 9.9% by 2022, which is
46.2%. According to actual data for 2022, the share of cropland in the area of the district was
44.3%. The difference between the actual and simulated values was 1.9%, which indicates
the correctness of the balance regression model and the possibility of its use for the level of
the administrative region.

In general, in the Belgorod district, over 30 years, cropland has decreased by 1/5
from the initial state at the beginning of the 1990s. The withdrawn lands were used for
three main purposes (Figure 6):

(1) For the development of urban and suburban areas. Of the total area of reduced
cropland, 82% is occupied by land of the private residential sector, 2% by infrastructure
land (roads, communications, etc.), and 3% by industrial enterprises (agricultural and
manufacturing industries).

(2) For private horticultural farms. These are the so-called dachas, designed to accommo-
date private gardens of the population (mainly urban) without permanent residence
in these territories. These territories make up 7% of the reduced cropland.

(3) When converting cropland into meadows. The share of such lands is 6%. Most of
these sites are located on slopes that are inconvenient for cultivation, adjacent to the
gully and small-dry-valley network, and some of them are actively overgrown with
trees and shrubs. Therefore, their re-engagement into plowing at the initiative of land
users is unlikely and they can be considered abandoned.
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Figure 6. Examples of the transformation of cultivated land into other types of land in the
Belgorod Oblast.

A slight increase in cropland due to the plowing of former meadows was noted. The
total area of such territories is 203 ha, which is 0.3% of the area of modern cropland in
the district. These isolated cases are an exception to the general trend of agricultural land
reduction under the influence of the urbanization process.

For the selected types of land use (UIA, dachas, and meadows), combinations of
predictors were selected considering their significance. The predictors were also tested
for autocorrelation. As expected, a moderate inverse relationship was found between
the distance from the city and the population size (r = −0.63). Therefore, they were not
simultaneously involved in the regression equation. After the initial analysis, models with
different sets of predictors and the same accuracy were validated on spatial data, which
made it possible to select the optimal models (Table 3).

Table 3. Cropland transformation models for different types of land use in the Belgorod district.

Model Predictors
(p > 0.05) Accuracy, % χ2 p-Value AUC Residue

Distribution
UAI L, D, S, TPI 76.0 169.24 <<0.0001 0.85 Normal

Dachas L, D, S 0 29.1 <<0.0001 0.74 Abnormal
Meadows I, S, TPI 64.8 132.50 <<0.0001 0.83 Normal

Accepted types are indicated in green; rejected type is indicated in pink.

For the type of the land use “Dachas”, despite the statistical significance, the resulting
model was rejected, since not a single coincidence of the simulated and actual values was
achieved. As a result, two models of land use were investigated: (1) for UIA, and (2) for
meadows. The parameters of these models are presented in Table 4.

Comparison of the parameters of the models suggests that the transformation of
cropland for UIA and for meadows is due to opposite factors. The UIA lands tend more
towards gentle surfaces of interfluves and the upper parts of gentle slopes (TPI = 7.3,
S = 2.6◦); under this type of land use, the most valuable non-eroded soils are transferred,
which are located mainly 5 km from the border of the city of Belgorod. Lands under
meadows are located in the lower positions of the slope (TPI = −4.7); their steepness is
1.6 times higher than for UIA (S = 4.1◦). The amount of abandoned cropland is growing in
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sparsely populated parts of the district, away from the urban agglomeration. Therefore,
the contours of potential UIA and meadows modeled in space do not intersect. A spatial
model of the predicted structure of cropland is presented in Figure 7.

Table 4. The parameters of the logistic regression models for different types of land use in the
Belgorod district.

Predictors
UIA Meadows

Value SE χ2 p-Value Value SE χ2 p-Value

β0 2.78 — — — –0.44 — — —
L −0.08 0.02 20.73 <0.0001 Not included in the model

Not included in the modelD −0.72 0.15 23.28 <0.0001
I Not included in the model −0.06 0.01 17.19 <0.0001
S −0.45 0.08 31.86 <<0.0001 0.17 0.06 6.65 0.01

TPI 0.04 0.01 16.76 <0.0001 −0.06 0.01 35.44 <<0.0001
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If the current trend to reduce the district’s cropland continues, about 6.2 thousand
ha will be transferred to UIA, and 2/3 of their area will concentrate within 6 km from the
city of Belgorod. The territories of potential transition of cropland to meadows are about
2.9 thousand ha. They are located evenly over the area of the district, but tend to be more
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towards its periphery. Such territories are confined to the border of cropland and the gully
and small-dry-valley network of the district.

5. Discussion

The predicted values of the decrease in the area of cropland in the Belgorod Oblast
according to the model of transformation of the land fund are consistent with the overall
picture of the dynamics of the area of agricultural land in the country. Since 1990, Russia
has been leading in terms of land abandonment among other countries: over 10 years from
1990 to 2000, the area of cultivated land decreased by 31%, which was associated with
institutional changes regarding land use [32]. The results of this process were differentiated
by landscape–agricultural zones [11,33]: cropland area decreased as much as possible in
the southern taiga subzone and was much weaker in the south in the forest-steppe and
steppe zones. Since 2004, in European Russia, there has been a stabilization of the total area
under crops with a slight increase in some administrative regions [34], which was primarily
due to an improvement in the general state of agriculture. However, on a national scale,
the area of cropland continues to decline, although at a noticeably slower rate than in the
1990s–2000s.

The area of cropland abandoned in the 1990s and still not returned to crop rotation
is inconvenient for cultivation or has a high degree of degradation [35]. For the Belgorod
Oblast, these are soils with a high risk of soil erosion with water. It is noteworthy that the
projected reduction in the area of cropland in the region is due not so much to the effects of
soil degradation, but to the development of modern regional programs that involve and
develop abandoned agricultural land in the direction of greening and the development of
private housing. At the same time, the forecast for the reduction in the area of cropland
in the region does not pose a threat to agricultural production, as evidenced with the
retrospective yield statistics in the Belgorod Oblast [26] (Figure 8).

Resources 2023, 12, x FOR PEER REVIEW  13  of  16 
 

 

1990  to 2000,  the area of cultivated  land decreased by 31%, which was associated with 

institutional changes regarding land use [32]. The results of this process were differenti-

ated by landscape–agricultural zones [11,33]: cropland area decreased as much as possible 

in the southern taiga subzone and was much weaker in the south in the forest-steppe and 

steppe zones. Since 2004, in European Russia, there has been a stabilization of the total 

area under crops with a slight  increase in some administrative regions [34], which was 

primarily due to an improvement in the general state of agriculture. However, on a na-

tional scale, the area of cropland continues to decline, although at a noticeably slower rate 

than in the 1990s–2000s. 

The area of cropland abandoned in the 1990s and still not returned to crop rotation 

is inconvenient for cultivation or has a high degree of degradation [35]. For the Belgorod 

Oblast, these are soils with a high risk of soil erosion with water. It is noteworthy that the 

projected reduction in the area of cropland in the region is due not so much to the effects 

of soil degradation, but to the development of modern regional programs that involve and 

develop abandoned agricultural land in the direction of greening and the development of 

private housing. At the same time, the forecast for the reduction in the area of cropland in 

the region does not pose a threat to agricultural production, as evidenced with the retro-

spective yield statistics in the Belgorod Oblast [26] (Figure 8). 

 

Figure 8. Change in areas and yields of grain crops in the Belgorod Oblast (European Russia) by 

years in the period 2008–2021. R2 is the coefficient of determination of linear trends: red dotted line 

shows yield trend; gray dotted line shows grain crop area trend. 

Thus, against the background of a 19% reduction in the area under grain crops, the 

yield increased by 16%. First of all, this was due to the successful implementation of the 

programs  on  river-basin  nature  management,  biologization,  and  adaptive  landscape 

farming in the Belgorod Oblast [36,37]. 

The obtained forecast estimates of the area of cultivated land in the Belgorod Oblast 

indicate a trend toward a decrease in the share of cultivated areas. In the context of chang-

ing climate, legal, and political boundary conditions, the following assumptions can be 

made about the validity of the forecast.   

Negative agroclimatic trends are recorded throughout the agricultural zone of Euro-

pean Russia [38], affecting primarily the productivity of agricultural crops. The trend of 

changes in the moisture regime during the growing season is negative, but not so cata-

strophic as to affect the shift in crop production zones in the near future. Socio-political 

changes have a much more significant impact. The Belgorod Oblast is a border region of 

Figure 8. Change in areas and yields of grain crops in the Belgorod Oblast (European Russia) by
years in the period 2008–2021. R2 is the coefficient of determination of linear trends: red dotted line
shows yield trend; brown dotted line shows grain crop area trend.

Thus, against the background of a 19% reduction in the area under grain crops, the
yield increased by 16%. First of all, this was due to the successful implementation of
the programs on river-basin nature management, biologization, and adaptive landscape
farming in the Belgorod Oblast [36,37].

The obtained forecast estimates of the area of cultivated land in the Belgorod Oblast
indicate a trend toward a decrease in the share of cultivated areas. In the context of changing
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climate, legal, and political boundary conditions, the following assumptions can be made
about the validity of the forecast.

Negative agroclimatic trends are recorded throughout the agricultural zone of Euro-
pean Russia [38], affecting primarily the productivity of agricultural crops. The trend of
changes in the moisture regime during the growing season is negative, but not so catas-
trophic as to affect the shift in crop production zones in the near future. Socio-political
changes have a much more significant impact. The Belgorod Oblast is a border region of Eu-
ropean Russia and has been in a tense political situation since February 2022. Nevertheless,
in the current situation, economic activity is carried out at the same pace.

It should be noted that the developed model should be updated depending on inno-
vations and changes in land-use regulation. In forecasting land dynamics for the coming
decades, different land-use scenarios can also be analyzed, which will give different spatial
patterns and total land areas [39,40]. Regarding the Belgorod Oblast, in the near future, the
implementation of the state program for the effective involvement of agricultural land and
the development of the reclamation complex of Russia will begin [41]. All this should result
in an increase in cropland due to fallows. Restorative forest vegetation successions are quite
common on abandoned agricultural lands [42], which makes it very difficult to return these
territories to agricultural use. In the Belgorod Oblast, the fallow fund is represented mainly
by erosion-prone lands, the development of which implies non-conflict soil-rehabilitation
land use under conditions of increased erosion risk [28].

6. Conclusions

The analysis of data on the transformation of the land fund of the Belgorod Oblast
made it possible to reveal the temporal rates of the rotation of land resources, to identify
trends in the reduction in the most valuable cropland, and to develop a predictive model
for their change. According to the results of the established correlation–regression analysis,
an equation for the dependence of the areal characteristics of cropland and other lands was
obtained. It was found that UIA and meadows have the greatest influence on the change in
cropland. The relationship equation is recognized as an empirical model, since both the
parameters and the equation as a whole are statistically significant, which means that the
resulting land fund transformation model can be used for forecasting purposes. This model
can be widely used by authorities to monitor cropland.

Also, in addition to the general regional model, a local spatially distributed model
was implemented for the growing urbanized territory (the Belgorod district). In contrast
to the balance model, it is based on a spatial combination of independent factors (terrain
features, distance from the city border and other settlements, and population size). As a
result, areas of cropland with a high probability (P > 0.75) of conversion to other types of
land use were identified.

The models presented in the study make it possible to make preliminary forecasts
when managing the structure of the land fund. The scope of application of these models
can be carried out at the regional level. However, the general concept of this approach to
forecasting the area of cultivated land and the threat of its reduction due to the need to
replace other types of land can be tested in other agricultural regions and countries with
developing urbanization processes, taking into account natural geographical and socio-
economic conditions. It can serve as an example for practice to predict the consequences of
land rotation on their quantitative composition.
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