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ABSTRACT  

It is proposed to identify the hierarchy of federal districts in terms of ecological 
opportunities for consolidation of vegetation cover according to three classes of soil 
cover according to the UN classification (grass + shrub + trees) on the land territory 
of Russia by ranking the shares of vegetation cover and human-modified lands, as 
well as ecological coefficients. The total ecological coefficient is calculated by 
dividing the share of vegetation by the total share of anthropogenic land. The forest-
agricultural coefficient is convenient as the ratio of the forest area to the arable land 
area. The identification method revealed stable regularities of rank distributions in 
the form of trends and wave equations. 
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INTRODUCTION 

The article [1] analyzes the main problems of the implementation of programs 
for the integration of efforts of the countries of the Union of Independent States in 
the field of land management. New approaches and digital technologies in land 
management are proposed. Another article [2] shows that a decrease in the role of 
land management and environmental and land management expertise leads to a 
violation of land management and environmental legislation, soil degradation. 
However, the unification of soil cover classes according to the UN classification 
with 13 types of land adopted in Russia is still not carried out. 

Changes are needed in the land classifications themselves in accordance with 
GOST 26640-85 (ST SEV 4472-84) and in the Land Code of the Russian Federation 
No. 136-FZ dated October 25, 2001 (2019 as amended) in accordance with the UN 
classification, as well as an understanding of ecological balance (according to NF 
Reimers [3]) on a specific territory. This would significantly improve the websites 
of Rosstat. 

In the book [4], we adhered to the concept of ecological balance, developing 
the ideas of prof. N.F. Reimers. In this concept, the accounting time interval 
depends mainly on the methods and means of measuring the properties, structure 
and parameters of landscapes, population and the system of farms (geotriads) on the 
territory of these landscapes. 

According to N.F. Reimers, the ecological balance is a constantly changing 
ratio. In terms of value, this dynamic ratio must be brought closer by scientific and 
technical measures to the golden ratio of 0.618 between the vegetation cover and 
the entire land area. 
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The purpose of the study is to identify stable patterns [9, 10, 11] of the 
distribution of land shares from the land area in federal districts (FD) according to 
the ecological principle, and then their consolidation according to the first three 
classes of the UN soil cover [12] and by the identification method [13], [14], [15] 
rank distributions among federal districts. 

MATERIALS AND METHODS 

Ecological consolidation of land. It implies the unification of land belonging 
to the vegetation cover. Then it is necessary to identify a rational ratio of 61.8% 
between the vegetation cover and anthropogenic lands, that is, territories changed 
by man. These ratios become environmental factors. They will characterize the 
achieved level of ecological balance. 

Consolidation (from the Latin con - together, solido - I strengthen) - 
strengthening, unification, integration, the rallying of something. In computer 
science, it is a complex of methods and procedures aimed at extracting data from 
various sources [5]. 

Land consolidation has a long history, the first work was carried out in 
Denmark in the middle of the 13th century; in Sweden, in 1757 a land consolidation 
law was passed. In Russia, the process of land unification was carried out in the 
Stolypin reform of 1906. One of the measures carried out within the framework of 
the reform was the elimination of the communal form of land use, the formation of 
farms and cuts in order to allocate land in one place instead of numerous inter-
striped plots scattered at a considerable distance from each other [6], [7]. As a result, 
land plots are consolidated according to the territorial principle. 

The data for the ecological consolidation of Russian lands are given in [8]. 

According to GOST 26640-85 (ST SEV 4472-84), lands that are systematically 
used or suitable for use for specific economic purposes, and that differ in natural 
and historical characteristics, are called lands. Anthropocentrism flourishes in the 
definition. According to the Land Code of the Russian Federation (No. 136-
dated 25.10.2001), agricultural land includes: 01. Arable land; 02. Deposit; 03. 
Perennial plantings; 04. Hayfields; 05. Pastures. Non-agricultural land: 06. Forest 
land; 07. Forest plantations not included in the forest fund; 08. Land underwater; 
09. Building land; 10. Land under roads; 11. Swamps; 12. Disturbed lands; 13. 
Other lands. 

Initial data. For the ecological consolidation of land, a data matrix is needed, 
in which 13 types of land are located in columns, and seven categories of the land 
cadastre in rows (Table 1).
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Table 1. Shares of land species from the land area of Russia

Cate-
gory 

The share of land according to the numbers of their species from the land area, % 
01 02 03 04 05 06 07 09 10 11 12 13 

1 7.03 0.27 0.07 1.14 3.47 1.76 1.18 0.07 0.14 1.51 0.01 6.11 
2 0.28 0.00 0.04 0.06 0.21 0.13 0.04 0.22 0.12 0.03 0.01 0.07 
3 0.01 0.00 0.00 0.02 0.04 0.25 0.03 0.06 0.11 0.02 0.02 0.44 
4 0.00 0.00 0.00 0.00 0.03 1.09 0.04 0.00 0.00 0.20 0.00 1.33 
5 0.01 0.00 0.00 0.11 0.15 49.71 0.00 0.01 0.11 6.77 0.02 10.48 
6 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.01 
7 0.09 0.03 0.00 0.14 0.26 0.30 0.32 0.00 0.01 0.77 0.01 3.01 

Total 7.42 0.30 0.11 1.47 4.15 53.24 1.61 0.35 0.49 9.33 0.06 21.44 

 

It turned out that Rosstat [8] has such a matrix only as of 01.01.2013. Then the 
area of land underwater was subtracted from the area by category and the area on 
land was obtained . After dividing the area of 12 lands by the land area 

of Russia, the share of lands was calculated (Table 1): , 

where   is the number of federal district,    is the number of the type of land; 

   the total area [8] of the Russian Federation. 

4Oscillations (wavelet signals) are written by the wave formula [3] of the form 

   , , 

,  (1) 

where   is the indicator 

  is the number of the component (1) 

  is the explanatory variable 

  are the parameters (1) 

   the amplitude (half) of the wavelet 

  the half-period. 

RESULTS AND DISCUSSION 

The ecological principle in land use. The main habitat on land, including 
humans, is vegetation. Therefore, it is necessary to consider changes in the 
vegetation cover by the area of individual components (grass, bushes, trees). As is 
known, forests are the core of the biosphere and thus become the main part of the 
vegetation cover [4]. The greatest anthropogenic changes in the soil cover occur in 
arable land. Therefore, the forest / arable land ratio becomes the first ecological 
factor [9]. 

Each strives for the best and two vector orientations in behavior are possible 
[4], [11]: a) less is better for anthropogenic objects; b) more is better for natural 
objects (Table 2). 
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Table 2. Direction of the vector is better  worse by types of land 

Types of land 
Less is 
better 

Bigger is 
better 

Types of land 
Less is 
better 

Bigger 
is better 

1. Arable land + - 7. Plantations outside 
forests 

- + 

2. Fallow or unused 
arable 

+ - 9. Building land + - 

3. Perennial plantings - + 10. Under the roads + - 

4. Hayfields - + 11. Swamps - + 

5. Pastures - + 12. Disturbed lands + - 

6. Forest lands - + 13. Other lands + - 

Land types 1, 9, 10 and 12 clearly belong to natural sites modified by 
anthropogenic interference. Arable land has developed extensively, so nowadays, 
due to ineffective use, a lot of deposits are formed as a waste of arable land. 
Moreover, the deposits are intensively overgrown with shrubs. Other lands are 
classified by us as conditional anthropogenic objects due to the uncertainty of their 
purpose. Building land and under roads are man-made objects. Disturbed lands are 
objects, but require reclamation. 

In Russia, even on agricultural land, there is not even a territorial consolidation 
of land for farms. And abroad, consolidation has long been understood for all types 
of land, that is, environmental consolidation is being carried out. For example, in 
Finland, with an average farm area of 35 hectares, a third is allocated for trees, a 
third for arable land, and a third includes other types of land (buildings, roads, etc.). 
Then in Finland the rational coefficient of forest agrarian [9], as the ratio of forest 
area to arable land, is equal to 1. 

Many people want the quality characteristics of the territory. This is more 
familiar and more convenient. Table 3 suggests scales for forest cover (06 + 07) and 
plowed area (01). 

Table 3. Scale for the classification of the territory of the constituent entities of 
Russia 

Value ranges 
coefficient 

forest / arable land, 
% 

Qualitative characteristics of intervals 
values of the ecological state of the territory 

forest cover plowing 

 Solid forest Extremely agrarian 
65 - 85 Multi-forest Superhigh-agar 
45 - 65 Moderate forest High-agar 
25  45 Partial forest Medium agricultural 
10 - 25 Low-forest Moderately 

agricultural 
1  10 Non-woody Low agar 
0  1 Treeless Non-agricultural 

 

Russia has a share of the area under trees 53.24 + 1.61 = 54.85% and a share 
of arable land 7.42% (Table 1), which is much less than 40%. According to table 4, 
it is characterized as moderately forest and low agricultural. 
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Vegetation cover activity by federal districts. Territorial units have an area 
[8] and have a wide range of values. To be able to compare the districts, it is 
necessary to switch to the relative shares of the area of categories and lands, divided 
by the total land area (Table 4). 

Table 4. Shares of land types  in the districts from the land area of Russia 

County 
The share of land according to the numbers of their species on land,% 

01 02 03 04 05 06 07 09 10 11 12 13 

CFD 1.458 0.027 0.032 0.158 0.360 1.443 0.109 0.076 0.088 0.076 0.010 0.052 

NFD 0.210 0.015 0.007 0.110 0.076 5.657 0.227 0.029 0.054 1.568 0.008 1.699 

SFD 1.049 0.001 0.015 0.051 0.825 0.174 0.039 0.036 0.041 0.032 0.001 0.152 

NCFD 0.344 0.001 0.010 0.034 0.349 0.120 0.016 0.015 0.018 0.003 0.001 0.103 

VFD 2.216 0.055 0.022 0.224 0.847 2.387 0.092 0.069 0.110 0.055 0.005 0.099 

UFO 0.509 0.059 0.006 0.194 0.231 4.523 0.307 0.039 0.049 2.455 0.017 1.612 

SFO 1.465 0.118 0.013 0.558 1.309 18.154 0.344 0.067 0.092 2.554 0.011 5.683 

FEFD 0.167 0.027 0.004 0.137 0.153 20.779 0.474 0.024 0.035 2.588 0.011 12.040 

 

According to the UN classification [12] (soil cover classes), in the first place is 
grass I (04 Hayfields, 05 Pastures and 11 Swamps), in the second place II - shrubs 
(03 Perennial plantations and 02 Fallows), which at first quickly overgrows grass, 
and after 4-7 years and shrubs) and on the third III - trees (06 Forest lands and 07 
Forest plantations not included in the forest fund). 

The vegetation cover is equal to the sum of I + II + III (Table 5). Then the 
activity of the vegetation cover on land will be equal to . 

The negatively modified land is formed from the sum . 

Then the ecological coefficient will be determined from the ratio 
. In a simplified version, the ratio of the share of forests 

to the share of arable land gives the forest agricultural coefficient  [9]. 

Table 5. Shares (%) of soil cover classes and ecological factors 

County 
Proportion of UN classes and their sums 

  EK  
    

CFD 0.593 0.059 1.552 2.204 1.631 0.990 1.351 

NFD 1.754 0.022 5.884 7.660 0.300 26.996 25.516 

SFD 0.909 0.017 0.213 1.139 1.128 0.166 1.010 

NCFD 0.387 0.011 0.136 0.535 0.377 0.350 1.419 

VFD 1.126 0.077 2.479 3.682 2.399 1.077 1.534 

UFO 2.881 0.065 4.830 7.777 0.614 8.892 12.665 

SFO 4.420 0.131 18.498 23.049 1.635 12.390 14.098 

FEFD 2.878 0.032 21.253 24.163 0.238 124.129 101.651 
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All federal districts of Russia have an environmental coefficient greater than 1. 

Rank distribution and ranking of districts. The rank ( ) differs 

from the place in the rating ( ) by the addition of the digit 0. This allows 
the use of the positive semi-abscissa axis in modelling by the identification method 
[14, 15]. 

When ranking = RANK (T5; T$5: T$13; 1), the following designations are 
adopted for the Excel environment: T is the identifier of the ranked column; T5, 
T$5 - first line; T$13 - last line; 0 1 - ranking in descending (0) or ascending (1). 

The program gives places . For ranks (more convenient for modelling), 
you need to apply an expression . 

In terms of environmental conditions from Table 5, the first place in 2012 was 
taken by the Far Eastern Federal District, the second - by the North-West and the 
third - by the Siberian Federal District. The ratings separately for the share of 
vegetation cover and separately for the environmental factors are shown 
in Table 6. 

Table 6. Proportion of vegetation and ecological coefficients depending on ranks 

County 

Vegetation  
cover 

Modified  
land 

Forest agrarian 
coefficient 

Ecological 
coefficient 

 , %  , %     

CFD 5 2.204 5 1.631 5 0.990 6 1.351 

NFD 3 7.660 1 0.300 1 26.996 1 25.516 
SFD 6 1.139 4 1.128 7 0.166 7 1.010 

NCFD 7 0.535 2 0.377 6 0.350 5 1.419 
VFD 4 3.682 7 2.399 4 1.077 4 1.534 
UFO 2 7.777 3 0.614 3 8.892 3 12.665 
SFO 1 23.049 6 1.635 2 12.390 2 14.098 

FEFD 0 24.163 0 0.238 0 124.129 0 101.651 

 

According to four criteria, the Far Eastern Federal District received a zero rank. 

Environmental factors for federal districts. The rank distribution of the 
forestry coefficient is given in Figure 1, and the ecological coefficient is shown in 
Figure 2. 

The latter, according to the ranks of the ecological coefficient of three districts 
(rank 5 - North Caucasian, rank 6 - Central, and rank 7 - Southern federal districts) 
need agrarian ecological reforms. Here it is necessary to increase the area of forests. 
Such measures have been taken in the United States since 1960, and in China since 
1970. The US government has allocated subsidies to farmers so that they plant one 
third of their territory with trees. By the end of the 20th century, yields increased 
and the gross harvest was higher than even before the environmental reform. 
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One-component trend First oscillation (wavelet signal) 

 

One-component trend and swing Remains of two components of the 
model (1) 

Fig. 1. Graphs of the rank distribution of the forest agricultural (forest / arable 
land) coefficient 

(  - standard deviation;  - correlation coefficient) 

The one-component trend is our modified Mandelbrot's law (in physics) of 
exponential decay. The same law is well known in mathematics (Laplace's law), in 
biology (Perl-Zipf's law) and in econometrics (Pareto's law). The second component 
is equation (1) of an asymmetric wavelet showing the oscillatory disturbance of the 
federal districts of Russia. Then it turns out that land use in our country occurs 
according to the unconscious laws of oscillatory adaptation. People try, in spite of 
natural adaptation, to control natural processes according to their own concepts (for 
example, according to the Soviet doctrine of steady growth). It is necessary to 
understand the ecological balance not only at the level of municipalities, but even 
at the level of specific land users. The main thing is the ecological consolidation of 
land plots at any level of land use. 

of the ecological coefficient has a similar character. Thus, the subjects of the 
Russian Federation receive a fractal distribution [11]. However, the calculation of 
the forest and agricultural coefficient (forest / arable land) is simpler due to the need 
to take into account only the area of the forest fund and the area of arable land. Data 
for these lands are available even at the structural level of landowners. 
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One-component trend First oscillation (wavelet signal) 

One-component trend and swing Remains of two components of the 
model (1) 

Fig. 2. Graphs of the rank distribution of the ecological coefficient 

CONCLUSION 

The hierarchy of the federal districts of the Russian Federation, according to 
the ecological possibilities of the consolidation of the vegetation cover according to 
the three classes of soil cover according to the UN classification (grass + shrub + 
trees) on the land, is proposed to be identified by the ranking of the shares of the 
vegetation cover and human-modified lands, as well as ecological -coefficients. The 
total ecological coefficient is calculated by dividing the share of vegetation in 
general and by soil cover class (according to the UN classification) by the total share 
of anthropogenic (human-modified) land. The forest and agricultural coefficient is 
especially considered, as the ratio of forest area to arable land area. 

For the federal districts of Russia, the identification method revealed stable 
patterns of rank distributions of the share of vegetation, the share of anthropogenic 
lands, forest and agricultural coefficient, as well as the ecological coefficient. 

In the future, it becomes possible to take into account geomorphological, 
climatic, socio-economic, and even migration subgroups of factors in addition to 
the land cover. However, apparently, due to the sharp difference in the values of 
climatic and socio-economic indicators, to expand the system of factors in the 
geotriad "territory + population + economy" [4], it will still be necessary to group 
the factors. 

 

S = 0.51317200

r = 0.99998390

0.0 1.3 2.6 3.9 5.1 6.4 7.7
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