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Abstract. The article describes the scientific and methodological 
foundations of spatial geoecological modeling of the natural and agricultural 
potential of the region's landscapes, the theoretical basis of which is the 
methodology of multiparameter analysis of complex objects, implemented 
in the form of two methods: summary indicators and randomized summary 
indicators. The essence of modeling is in mathematical-cartographic spatial 
analysis in the GIS environment of the favorableness of natural landscapes 
for environmentally friendly agricultural production. It is based on the 
principles of consistency, priority of the assessed indicators, continuity, 
regionality, emergence, scale, visibility of the display of results. During the 
development of the scientific and methodological foundations, the following 
methods of geographical research were used: ranking the properties of 
landscapes by their impact on the natural and agricultural potential, building 
model-classifications for assessing the natural-agricultural potential, 
convolution of multi-parameter information in conditions of information 
deficit. The developed method includes six blocks. The method has been 
tested in the Leningrad Region. The results of approbation do not contradict 
the data of other researchers obtained for the studied region. The developed 
method can be applied in land management and territorial planning. 

1 Introduction 
At present, the problems of ecologically safe nature management have sharply 

aggravated, which is associated with the irrational use of natural resources. Therefore, 
geography is dominated by research aimed at developing the theory and practice of forming 
ecologically safe natural-anthropogenic geosystems. One of the most important areas of this 
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activity is geoecological modeling [3, 10, 14, 22]. The modeling results make it possible to 
territorially differentiate anthropogenic loads on landscapes, strictly linking them with a 
specific geoecological situation [1, 11, 12, 21, 25]. One of the most relevant objects of 
geoecological modeling is the natural-agricultural potential, by which the authors understand 
the ability of natural resources to ensure environmentally sustainable development of 
agricultural production. 

Many works are devoted to the issues of geoecological optimization of landscapes: 
Volodin et al., 2000; Girardin et al., 2000; Kiryushin, 2005; Nemykin, 2005; Chursin, 2008; 
Martins Junioretal., 2010; Arefiev, 2011; Kruchinkina, 2011; Lopyrev et al., 2012; 
Malezieux, 2012; Osipov, 2016; Shishov, 2018, etc. However, to date, this problem has not 
yet been solved, therefore, landscapes with a high natural and agricultural potential are often 
used for other types of nature management. 

As a result, a problem arose associated with the improvement of the scientific and 
methodological foundations of geoecological analysis of landscapes during their agricultural 
development. This article is dedicated to resolving this problem. 

The aim of the article was to develop and test a methodology for geoecological modeling 
of the natural and agricultural potential of the region's landscapes [26-28], by which the 
authors understand the mathematical-cartographic, spatial analysis in the GIS environment 
of the favorableness of natural landscapes for environmentally safe agricultural activities [29-
33]. 

2 Materials and methods 
This research is based on the concept of equilibrium nature management [2, 5, 7, 13, 20, 23, 
24]. The main tool, which, according to the authors, is geoecological modeling. It allows one 
to assess the spatial distribution of the studied geoecological processes or phenomena within 
the studied landscapes and present the results of the assessment in a cartographic form [4, 8, 
9]. 

The authors propose to carry out geoecological modeling using the methodology of 
multivariate analysis of complex objects, implemented in the form of two methods: summary 
indicators [15] and randomized summary indicators [6, 18]. 

It is proposed to lay the following principles as the basis for geoecological modeling [15]: 
1) the principle of consistency. Geoecological modeling should be based on the theory of 

systems analysis. 
2) the principle of taking into account the priority of indicators. When implementing the 

procedure for geoecological modeling, the degree of influence of each assessed indicator on 
the suitability of the landscape for agricultural development should be taken into account. 

3) the principle of continuity. Geoecological modeling should be carried out for the entire 
study area. 

4) the principle of regionality. Geoecological modeling should be focused on the 
peculiarities of the natural conditions of the studied region. 

5) the principle of emergence. Geoecological modeling should be based on the totality of 
the properties of the studied landscapes, and not on individual properties. 

7) the principle of scale. Geoecological modeling should ensure consistency between its 
detail and the area of the study area. 

8) the principle of visibility of displaying simulation results. The results of geoecological 
modeling should be displayed in the form of a set of analytical (factorial) and synthetic maps, 
allowing to make informed decisions on the agricultural use of landscapes. 

The created method of spatial geoecological modeling includes six blocks: 1) preparation 
of source materials for modeling; 2) development of an information model; 3) ranking the 
properties of landscapes according to their influence on the natural and agricultural potential; 
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of source materials for modeling; 2) development of an information model; 3) ranking the 
properties of landscapes according to their influence on the natural and agricultural potential; 

4) the choice of assessment classes and the construction of qualimetric scales for them; 5) 
modeling of the natural and agricultural potential of landscapes; 6) creation of synthetic maps 
of the natural and agricultural potential of landscapes. 

First block. At this stage of work, materials that characterize the region under study are 
collected and studied. In parallel with this, the preparation of the cartographic base is carried 
out. Topographic maps of scales 1: 50000 - 1: 100000 are used for this task. 

The main sources of information about the landscape and soil structure of the study area 
are materials of landscape and soil surveys. 

Information on soil surveys is stored in the State Land Management Data Fund. However, 
when using these materials, the problem of their coordinate referencing arises. soil maps 
stored in the fund are created in a conventional coordinate system. 

The authors have developed a technology for creating electronic soil maps in the GIS 
environment based on archived data. Its implementation began with the creation in the GIS 
"Map 2011" of the frames of the sheets of topographic maps at a scale of 1: 50,000, included 
in the limits of the study area. Then analog topographic maps were scanned and linked in the 
GIS "Map 2011". Then the resulting images were converted into the GIS "MapInfo" format 
and snapped to the corners of the trapezoid frames. Then analog archive soil maps were 
converted into raster format and linked in GIS "MapInfo" to a topographic map from the 
image. In conclusion, the accuracy of the created electronic soil maps was determined 

Second block. The main purpose of the information model is to establish the data 
necessary and sufficient for the implementation of the geoecological modeling procedure at 
the level of conceptual representation. 

In the process of building an information model, four reference books are being 
developed: 

1) the rules of geoecological modeling; 
2) operations implementing the procedure of geoecological modeling; 
3) data necessary to perform operations; 
4) connections of operations with data. 
The graphical representation of the information model has the form of a tree structure, 

the principles of construction, which are given in [15]. 
Third block. When ranking properties, their unnormalized weights are firstly determined, 

and then the normalized ones. 
The method of paired comparisons is used to determine the unnormalized coefficients. 

The normalized coefficients are calculated by multiplying the unnormalized coefficients of 
the properties related to each other in the information model [15]. 

Fourth block. For geoecological modeling of the natural-agrarian potential of landscapes, 
a five-step scale is used: very low potential - 1 class, low potential - 2 class, medium potential 
- 3 class, high potential - 4 class, very high potential - 5 class. 

It is proposed to lay the approaches used in the creation of classification models as the 
basis for the construction of qualimetric scales. The work begins with the substantiation of a 
system of indicators that allow diagnosing the natural and agricultural potential of 
landscapes. At the same time, the condition should be observed that each of the indicators 
was necessary, and all indicators together were sufficient to characterize the natural and 
agricultural potential. 

During the scales development, the numerator gives the values of the left and right class 
boundaries, and the denominator gives their normalized characteristics. The last line contains 
the integral indicators of the construction rule, which are described in [6]. 

It is proposed to use functions of the form (1) and (2) [18] to normalize the estimated 
values of indicators. 
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Function (1) is used when increasing i-th indicator does not entail a decrease in the natural 
and agricultural potential. In this case, indicators in which the value is equal to хi, does not 
exceed the level of mini, the minimum value is assigned, and the indicators in which the value 
is equal to хi, surpasses the level of maxi, – maximum value. 

In practice, as mini zero, background or maximum permissible value of the indicator is 
accepted. However, for maxi it is not always advisable to take the max value of xi last class, 
because it can be big enough. As a result, more than 40% the entire rating scale can fall into 
the last class. In this case, as maxi could be used the "regional maximum" or maxi taking into 
account changes by class of quantity Δxi.   

In functions (1) and (2), the exponent λ introduced to take into account the nonlinearity 
of links. However, in view of the fact that it does not make significant changes to the scale 
of the integral indicator, it is advisable to take it equal to one. 

Non-decreasing function (2) is used when the value of the natural-agricultural potential, 
assessed by i-th indicator, does not increase. 

The following dependence is proposed to determine the integral indicators of the 
normalized characteristics of the boundaries of the classes of the natural-agricultural potential 
of landscapes:  
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where: I – integral indicator of the normalized characteristic of the class boundary; qi – 
normalized estimated value of i-th indicator; m – number of indicators involved in the 
assessment. 

Fifth block. In a GIS environment, using the "topological overlay" operation, soil plots 
are linked to agricultural lands. After that, for all tied soil areas, their characteristics are 
determined. Then, according to dependencies (1) and (2), the normalized values of indicators 
are calculated, and using relationship (4), weighted values of integral indicators of the 
natural-agricultural potential of soils. 

,
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where: Gs – weighted value of the integral indicator of natural and agricultural potential of s-
th allotment; Рj - normalized weight factor of i-th indicator. 

At the final stage of the implementation of the fifth block, using dependence (5), an 
integral indicator of its natural and agricultural potential is determined for each landscape.  
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                                                            (5)                                

where: Lj – integral indicator of natural and agricultural potential of j-th landscape; Gsj 
integral indicator of natural and agricultural potential of s-th allotment of agricultural land of 
j-th landscape; rs – area of s-th allotment; Rj – the area of soil allotments within agricultural 
land of j-th landscape. 

Sixth block. Electronic synthetic maps of natural and agricultural potentials are created 
by linking the values of the calculated potentials to the objects of geoecological assessment 
(soil plots, agricultural lands and landscapes). After that, objects that fall into one class are 
combined into one area and are displayed with the accepted conventional sign. 

3 Results and discussions 
The developed method  was tested on the territory of the Leningrad region. In each type 
of landscapes located within the region, “key” areas were selected, the most typical for 
the studied species. They were chosen in such a way that they could be used to 
characterize the features of the formation of the natural-agricultural potential within the 
studied type of landscapes. The selection of the key site was carried out in an interactive 
mode by analyzing the natural components of landscapes that form this species (including 
relief, soils, vegetation, grounds, moisture conditions) using materials from landscape 
studies (maps, profiles, descriptions), as well as data from forest management 
documentation and forest cadaster. Based on the analysis, for each species, the most 
typical landscapes were identified, within which key areas were selected. A total of 14 
“key” sites were selected. For each "key" site in the GIS environment, two cartographic 
layers were created: 1) agricultural land and 2) soil areas. After that, using the "topological 
overlay" operation, the summation of these layers was performed, as a result of which the 
soil plots were tied to agricultural lands. 

An information model was developed to assess the natural and agricultural potential 
of landscapes. 

Then, using the approaches described in [15], the ranking of indicators characterizing 
the natural-agrarian potential of landscapes was carried out, shown on the Fig. 1.  

 
Fig. 1. Results of indicators ranking characterizing the natural and agricultural potential of 
landscapes. 
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Where: 1 - agroclimatic potential; 2 - soil bonitet; 3 - ecological and geochemical 
potential; 4 - soil washable; 5 - ecosystem diversity; 6 - the density of the hydrographic 
network; 7 - depth of groundwater; 8 - erosion potential of the relief). 

After that, using dependencies (1), (2) and (3), qualimetric scales of classes for assessing 
the natural-agricultural potential of landscapes were developed (Table 1). 

Table 1. The natural-agricultural potential of landscapes were developed. 

Indicator 
Favorableness class of the natural and 
agricultural potential of the landscape min max Communication 

type 1 2 3 4 5 
Agro-resource conditions 

Agroclimatic 
potential. score 

6.4-6.7 6.7-7.0 7.0-7.3 7.3-7.6 7.6-7.9 
6.4 7.9 straight 

0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 

Soil bonitet. 
score 

0-30 30-40 40-60 60-70 70-90 
0 90 straight 

0-0.33 
0.33-
0.44 

0.44-0.67 
0.67-
0.78 

0.78-1.0 

Geoecological conditions 
Ecological and 
geochemical 

potential of soils. 
score 

0-1.5 1.5-2.5 2.5-3.5 3.5-4.5 4.5-5.0 

0 5.0 straight 
0-0.3 0.3-0.5 0.5-0.7 0.7-0.9 0.9-1.0 

Soil wash-off 
4.5-4.0 4.0-3.5 3.5-3.0 3.0-2.5 2.5-2.0 

2.0 4.5 reverse 
0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 

Ecosystem 
diversity. score 

1.0-0.8 0.8-0.6 0.6-0.5 0.5-0.3 0.3-0 
0 1.0 reverse 

0-0.2 0.2-0.4 0.4-0.5 0.5-0.7 0.7-1.0 
Density of the 
hydrographic 
network. km / 

km2 

1.8-1.3 1.3-1.0 1.0-0.7 0.7-0.4 0.4-0.1 

0.1 1.8 reverse 
0-0.29 

0.29-
0.47 

0.47-0.64 
0.64-
0.82 

0.82-1.0 

Depth of 
groundwater. m 

4.0-5.0 5.0-6.0 6.0-7.0 7.0-8.0 8.0-9.0 
4.0 9.0 straight 

0-0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-1.0 
Erosion 

potential of the 
relief. score 

1.8-1.5 1.5-1.2 1.2-0.9 0.9-0.6 0.6-0.2 
0.2 1.8 reverse 

0-0.19 
0.19-
0.38 

0.38-0.56 
0.56-
0.75 

0.75-1.0 

Integral indicator 
of geoecological 

conditions 

0-0.24 
0.24-
0.42 

0.42-0.61 
0.61-
0.79 

0.79-1.0 
   

∆=0.24 ∆=0.18 ∆=0.19 ∆=0.18 ∆=0.21 

Then, using the dependencies given in [16] for the soil allotments of agricultural lands of 
the "key" landscapes, the absolute values of the indicators characterizing them were 
determined, and using the dependencies (1), (2) and (4) the normalized and weighted values 
of the integral indicators natural and agricultural potential of soil areas were calculated. In 
Fig. 2, as an example, a map of the natural and agricultural potential of soil plots of 
agricultural land in the Svir-Oyat landscape of the Leningrad region is shown. At the final 
stage of work, using dependence (5) for each "key" site, an integral indicator of its natural-
agricultural potential was determined, which was adopted for the corresponding species. Fig. 
3 is a map of their natural and agricultural potentials, and Fig. 4 shows distribution of natural 
and agricultural potentials in terms of favorableness for the production of plant agricultural 
products. 

The results of approbation of the developed methodology do not contradict the data 
obtained for the studied region by other researchers [17]. 
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the "key" landscapes, the absolute values of the indicators characterizing them were 
determined, and using the dependencies (1), (2) and (4) the normalized and weighted values 
of the integral indicators natural and agricultural potential of soil areas were calculated. In 
Fig. 2, as an example, a map of the natural and agricultural potential of soil plots of 
agricultural land in the Svir-Oyat landscape of the Leningrad region is shown. At the final 
stage of work, using dependence (5) for each "key" site, an integral indicator of its natural-
agricultural potential was determined, which was adopted for the corresponding species. Fig. 
3 is a map of their natural and agricultural potentials, and Fig. 4 shows distribution of natural 
and agricultural potentials in terms of favorableness for the production of plant agricultural 
products. 

The results of approbation of the developed methodology do not contradict the data 
obtained for the studied region by other researchers [17]. 

 
Fig. 2. Map of the natural-agrarian potential of soil allotments for agricultural land in the Svir-Oyat 
landscape. 

 
Fig. 3. Map of natural and agricultural potentials of individual landscapes of the Leningrad region. 
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Fig. 4. Distribution of individual landscapes of the Leningrad region according to their favorable 
conditions for the production of vegetable agricultural products. 

4 Conclusion 
The methodology created by the authors is an effective tool for performing work on 
geoecological modeling of the natural-agricultural potential of landscapes during their 
agricultural development. It can be successfully applied in land management and spatial 
planning. 

The introduction of the above mentioned methodology into practice will increase the 
efficiency of using landscapes for the production of vegetable agricultural products while 
maintaining their resistance to agricultural development. 
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