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Abstract

The ecological-economic security [EES] and the landscape-ecological stability of the steppe regions of
Russia are the main factors of national security and indicators of the sustainability of socio-economic
development. Therefore, it is advisable to consider them based on large-scale studies. The study terri-
tory is a mesoregion, including the steppe zone of Russia. A comprehensive analysis of the economic
development, social sector, and ecological condition of the territory became the basis for assessing the
EES of the regions. We assessed landscape-ecological stability by calculating the coefficient of ecologi-
cal stability of the landscape. Based on reliable information, we formed a database that comprises 37
indicators for 18 steppe regions of Russia. Using the coefficients and integral indices, we compiled an
integrated schematic map. As a result, we established that the level of stability of the ecological land-
scape increases to the northeast of the studied territory. We observed the maximum value of the eco-
logical and economic security index (1.8) in Krasnodar Krai, the Republic of Bashkortostan, and Nov-
osibirsk Krai. Furthermore, we characterized the regions where the coefficient of ecological landscape
stability exceeded 1 by indicators of ecological and economic security, presented in the ratio 1/1.5/2.
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Introduction

The growth of economic activity has had a negative impact on the steppe zone of
Russia. It is expressed in (1) environmental pollution, (2) reduction in species biodi-
versity, (3) depletion of natural resources, (4) degradation of landscapes, and (5) the
gap between natural relationships. In light of recent events related to problems of
stable socioeconomic development and the coronavirus pandemic, the most signifi-
cant tasks in Russia (current and future) are to (1) solve the problem of protection of
nature, (2) improve the sanitary and epidemiological situation in urbanized areas,
and (3) raise the standard of living of the population.

In general, the territory of the steppe regions of Russia is marked by an unfavo-
rable environmental situation. Territorial differences in indicators that character-
ize the situation can be revealed in the cartographic analysis of the landscape and
ecological stability and ecological-economic security [EES] of the steppe regions of
Russia.

Material and methods

Based on the methods of (Klementova and Heinige 1995), (Baranov 1995; 2001;
2012), (Kochurov 2005), and (Klyushin and Shormanov 2015), we assessed land-
scape-ecological stability by calculating the coeflicient of ecological stability of the
landscape [CELS]. These authors describe a methodological approach to develop-
ing a system for assessing the landscape and environmental sustainability of the
territory for the formation of ecologically balanced landscapes. Foreign scientists
proposed a method for assessing agricultural landscapes (Stinner et al. 1989; Mc-
Neely and Scherr 2003; Malezieux 2012). Furthermore, we compared territories
with stable landscape components (hayfields, pastures, perennial plantings, forests,
deposits, swamps, strictly protected natural areas) and unstable ones (arable land,
plots for construction, roads, damaged land, reclaimed land). This method allowed
us to assess the ecological and landscape stability of the area, taking into account
the qualitative and quantitative parameters of the biotic and abiotic components in
the land fund of the regions.

This method is based on the comparison of the areas occupied by stable and
unstable components of landscapes. The coefficient contributes to assessing land-
scape-ecological stability, which combines the qualitative and quantitative param-
eters of biotic and abiotic elements in the natural-territorial complex. According to
the methodology, the territory is divided into two groups of landscapes (stable and
unstable), the proportion of which was calculated using the following formula:

> F, (1)
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where:

F_ - areas marked with stable landscape components;
F . —areas characterized by unstable components.

Stable and unstable landscape components are buffering; they partially com-
pensate for themselves. Assessment of landscape and ecological stability at the re-
gional level is limited by a coeflicient (Saprin 2017). The lack of information about
areas with water and swamps in our study can be explained by the limited data used
to record materials in open statistical collections. We assessed CELS using the scale
represented in Table 1.

Table 1. A CELS rating scale

CELS Description of the ecological stability of the landscape
<0.5 Sufficiently unstable

0.5-1.0 Unstable

1.0-3.0 Conditionally stable

3.0-4.5 Sufficiently stable

>45 Stable

According to the method, the stable components of the landscape (F ) are (1)
hayfields (y,), (2) pasture (y,), (3) perennial plantings (y,), (4) forests (y,), (5) de-
posits (y,), (6) swamps (y,), and (7) strictly protected natural areas (y,). Unstable
components (F ) are (1) arable land (y,), (2) plots under construction (y,), (3) a
network of streets (streets, driveways, embankments, etc.) (y, ), (4) damaged land
with some indicators (constructions, buildings, paths, lawns, and ornamental plan-
tations), (y, ), reclaimed land (y ,) (Table 2).

Two concepts contribute to assessing the level of ecological security: anthro-
pogenic (solving environmental problems) and biospheric (identifying the zone of
ecosystem stability). The anthropogenic concept was considered in the works of
Vlasova (2008); (Holling 1978); and (Chapin et al. 2010). Methods and criteria for
ecological security within the framework of the biospheric concept were developed
by (Vlasova 2008); (Volovich 2012); (Rusak 2011); (Tronin 2013); (Carpenter et al.
1999); (Jongman et al. 2004); and (Zhaoxue and Linyu 2010). The combined analy-
sis of the level of economic development, social sector, and ecological condition of
the territory is the main component of assessing the EES of the steppe regions of
Russia. We used and updated the methodology of (Glinsky et al. 2015). Using cur-
rent and reliable data published in the public domain, we formed a database on EES
indicators of the studied regions. Later, these indicators were combined into three
groups.

Usually, these sources present data in absolute terms (t, ha, unit, km?), which are
characterized by various impacts. Taking into account the EES goal of the analysis
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of EES and the improvement of the objectivity of the research, we calculated some
indicators corresponding to the regions population size in the studied regions (Ta-
ble 2).

Group 1. The economic development index (P) (parameters that adversely af-
fect the integrated indicators are marked with asterisk (*): x, - the volume of goods
shipped by production; works and services sold by their own force, million rubles/
person; x, - turnover of retail trade per capita, thousand rubles; x, — volume of paid
services per capita, thousand rubles; x, — investment in fixed assets per capita, thou-
sand rubles; x, - the share of unprofitable organizations*, %; x, - the volume of ag-
ricultural production per capita, thousand rubles; x, — commissioning of residential
buildings per 1,000 people (m? of the total area of residential buildings).

Group 2. Index of social development (P ): x, - total birth rate; x, - total death
rate*; X, — infant mortality rate*; x, - migratory growth rate; x , — share of pre-
school children per 1,000 people; x , - share of students enrolled in educational
programs of junior, senior and general secondary education per 1,000 people; x,,
- morbidity per 1,000 people*; x , - share of inpatient accommodation per 10,000
people; x,, — share of doctors per 10,000 people; x,. — share of unemployed regis-
tered in state employment agencies per 1,000 people*; x . — share of crimes regis-
tered per 1,000 people*.

Group 3. Index of the ecological condition of the area (P ): x,, - the amount
of pollutants released into the atmosphere per 1,000 people*; x, - expenses for the
protection of nature, including payment for environmental services per capita; x, -
the share of arable land under crops from the total area*; x , - the share of land with
settlements*; x , — the share of land used in industry and energy sectors, as well as
for transport, communication, broadcasting, television, computer science, defense,
security, and other purposes*; x,, - the percentage of forest land in the territory; x,,
— the share of capture, depolarization and neutralization of pollutants from station-
ary sources of pollution.

The selected indicators are characterized by heterogeneity, disparity, and diver-
sity of their impact. To eliminate these defects, we normalized the design param-
eters:

o (2)
norm _ X, —minx,J
.. - P ]
ij maxx, j —minx,j
norm maxx,j —x, 3
= , 3)

ij maxx..j —minx.  j
Y ij] ij]
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where:

norm

i - the normalized value of j-indicator that i-municipality has;
max x,,j - the maximum value of j-indicator in the studied municipalities;
min x,_ ] - a minimal value of j-indicator in the examined municipal units;
i — the number of the municipality;
J — the number of the indicator.

If the integral assessment parameter has a positive effect, the normalization is
calculated using the formula (2). If it has a negative effect, the normalization is cal-
culated using the formula (3).

In the future, the multidimensional averages calculated for each group contrib-
ute to the transition from multidimensional indicators to one-dimensional param-
eters (4).

.
p = — D x
mi k ]

norm (4)

where:
mi — the average indicator of a specific group of indicators of EES;
k - the indicators in the group.

The integral indicator of ecological and economic security (5) is calculated by
the sum of the multidimensional average indicators in each group:

— 5
1=zp_, ®

where:

ees

I _the integral indicator of EES;

l
m — the number of groups.

To assess the spatial distribution of the level of ecological and economic secu-
rity, we should identify regions where, as a result of normalization, a maximum of
aggregated indicators can be identified, reduced to 1 (Table 3).



Table 2. Initial indicators to calculate the EES CELS and the index of EES of the steppe regions of Russia

=

= S 5 g

S o S S o o= — S 9

5 0% 3 0 £ ¥ 5§ § 35 ¥ & £ £ g

e & = = M ~ g 2 =9 & ) & g =~ - 5 =

~ = = = ~ o =23 ) b} 3 FZ — & ‘Eb 2«

) = ES 2.2 .3 & & I 25 &~ ~ ~ g g B 3 ER
= g ) s 5H 3 5 > & ¢ =2 ¢ 2 g S 2 =g A o £
S g 5 X% g g o S 2 =< | s g 58 =& o gs % &2
‘Eb =0 = 0> o= o® =p 2 > vF © g g = ot & 2% g v O
Q Q S ﬁ < ﬁ < = = =] ] ﬁ < = =] =1 = = = (=) ﬁ o~
=4 22} = < M M = -4 7] m O 9] &£ 47 O <« Z O ©
S 27.1 522 78 747 755 1129 101.0  66.2 1429 1237 536 101.2 715 88.5 168.0 177.8 141.1  26.1
P 1547.7 2327.8 454.8 272.6 5648.2 2507.5 4202.3 27952 4051.0 1963 3183.0 2440.8 834.7 3475.7 2332 27934 19442 1911
GRP 507.7 371.7 2186 2440 3941 3077 320.6 238.1 3447 4193 4241 2741 2406 3880  218.1 4084 3349 187.8
Y, 55.8 159.0 49 103.2 63.1 2069 88.4 104.9 1266.7 698.0 67.0 122.2 559.0 591.1 1235 21979 1096.2 1.9
Y, 3993 7768 857 5363.6 531.1  2652.8 24592 1625.8 2346.1 3979  847.5  2400.5 10248 13520 2789 23150 12655 433.6
Y, 34.0 52.8 9.3 2.5 125.2 42.8 58.2 442 43.6 23.0 423 39.9 12.4 38.3 27.8 33.6 26.5 75.8
Y, 241.9 482.4  288.8 32.6 1541.3 591.0 293.0 110.2 5765.6 618.6 685.6 614.2 1759.5 2707.3 4029 4799.2 4667.7 266.2
A N/A 419 03 106 02 47 N/A 140 00 N/A 1035 0.0 4593 55.0 2089 810 1759 10.6
Ve 22.5 40.6 4.0 123.5 179.6 35.2 55.0 28.8 50.8 15.3 42.0 19.2 383.9 192.7 374.7 3059.6 2026.8 5.2
Y, 2.8 351 9238 1216 3788 331 11.4 0.5 4120 1025 1388 305 9.7 64.2 49 27 0.7 19.9
Ve 1645.2 3046.2 259.6 836.9 39854 5854.0 5907.3 3998.6 3670.5 6115 2937.5 5981.1 2402.6 3058.8 6654 3772.1 4156.6 1271
Yo 73.1 1134  22.1 32.2 202.9 165.9 150.8 107.5 132.1 158.7 103.0 113.3 49.1 137.8 131.9 1024 939 118.8
Yio 57.9 121.1 188 65.1 1960 117.6 2205 1479 260.1 1847 1237 1494 863 1455 1955 166.8 150.7 434
Yu 6.5 1.9 0.3 4.0 54 3.0 7.1 34 17.2 13.0 39 2.4 1.1 31.8 3.6 1.7 5.0 1.5
Yo 422 788 273 483 4260 1807 259.6 2412 732 63.4  140.6  257.8  30.6 69.5 729 837 1245 397.3
X, 578.7 244.5 131.6 13.3 217.9 412.7  269.7 144.2 423.1 495.1 512.0 227.3 160.5 500.2 165.3 251.8 529.6 79.2
X, 217.1 237.0  209.6 77.9 243.2 1549 218.6 182.3 216.8 156.3 2034 145.7 136.2 148.8 150.4 179.6 169.3 133.9
X, 53.8 554  29.7 214 928 555  54.8 56.9 644 451 549 40.0 37.2 47.1 404 576 511 452
X 86.6 119.8  69.5 47.3 85.5 73.4 60.0 56.6 66.0 103.7 813 63.3 32.3 74.4 46.9 70.2 60.8 154.8

(1202) £L09-€65 :£ ©211Q1S e2160j0Ig B1DY /(€13 (uf) A0AlIqIYD 'Y J9pueXalY 86



=
o g S g
) 2 S S o= o= — S 9
S % : 3 E ® oz : Iz : & ¢ s .
) & = = M ~ g 2 - % & ) = ~z S =
& = = = < ¥ = 8 g 2 2 g = g @ £ g
= < 3 5.2 8 s & S s &~ ~ &~ g s B Q = 8
o e D) 2e 22X OB 5 = g 2 < > = = v 2 ~ &g
= T TS o0 > ° 9 2 bt > =] S £ 4 7 = TR=!
S e g &% HEg g g k) 2 ©Z = s £ 5 =& o 38 % &2
P ¥ 5§ 2% 23 £ £ % & 2% & E & 5 2% £ R E ¥
2 A& S E< B2 s & s E& © & 3 2 Sx < zZe © E%
X, 294 295 161 390 323 367 297 261 288 365 263 341 385 337 316 321 250 442
X, 1661 941 482 974 677 512 607 701 389 550 280 529 473 344 565 287 484 229
X, 7850 7260 4120 3300 7850 2430 5570 3310 5640 4630 5590 4960 2760 4370 3360 6230 2680 4050
x, 92 9.2 9.9 1.1 115 94 9.7 110 116 110 104 9.1 103 108 100 1L7 109 106
X, 135 147 123 97 120 133 135 115 124 133 135 139 155 132 142 130 129 141
x, 5l 46 3.9 6.2 40 5.1 5.1 6.7 5.1 54 45 47 6.7 5.7 74 51 6.7 3.9
X, 270 290 540  -1160 850  -150 -60  -140 -220 -520 -10 420 770 260 320 290  -62.0 250
X, 423 392 499 506 490 405 426 470 552 530 481 397 507 624 401 473 472 358
x, 1031 967 1159 1247 1180 106 1013 1044 1180 1178 1041 990 1196 1144 1159 1164 1143 10838
X, 7099 5266 6654 6856 6884 6901 8171 6134 8439 8415 8971 7335 9386 8742 1089 7839 7571 5249
X, 722 81 752 783 735 877 803 837 774 807 739 1008 867 742 920 948 807 763
X, 405 523 389 518 434 451 375 439 428 467 477 505 297 420 427 540 508 457
x, 36 44 35 9.2 25 3.8 40 3.4 48 70 45 3.9 7.1 6.2 75 42 6.2 2.6
X, 48 8.1 43 47 7.4 8.8 8.5 6.7 7.8 76 76 6.8 103 115 88 104 84 7.0
x, 1131 447 176 147 1461 578 136 340 1123 2588 685 483 467 1404 823 451 1039 120
x, 58 2.7 1.0 0.9 2.1 35 1.6 1.8 6.0 36 40 2.0 1.7 55 11 1.1 45 16
x, 523 494 299 38 488 281 460 474 207 343 391 393 187 217 306 125 208 288
x, 129 85 6.2 0.8 8.3 2.9 45 3.8 47 33 67 3.6 7.9 46 23 15 17 7.2
X, 14 1.3 21 0.2 2.0 6.5 1.0 0.8 0.8 20 13 22 0.8 3.0 08 07 0.4 2.7
x, 87 8.2 367 02 202 42 2.4 1.6 399 46 128 63 224 295 229 273 323 89
X 779 578 449 75 484 462 505 499 430 712 537 685 570 820 757 872 932 557

665 Aupqels adedspue| pue sisAjeue |epeds ay |



Table 3. The normalized indicators for calculating the EES [EES] index divided into three groups
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Results

Analyzing the initial data, we found that in the regions studied, the maximum val-
ue of areas with stable landscape components belongs to the Novosibirsk region
- 12,489 thousand ha; the Omsk region - 9,259.3 thousand ha; and the Republic of
Bashkortostan - 9,884.8 thousand ha. These indicators are due to a large part of the
forest, pastures, and hayfields. In the Novosibirsk and Omsk regions, vast areas are
occupied by swamps (3,059.6 and 2,026.8 thousand ha, respectively). In the Belgo-
rod region and the Republic of Crimea, pastures and forests predominate; but in
the Republic of Adygea, 59.4% of sustainable landscapes are occupied by forests.
The maximum values of the parameters indicating the instability of the landscape
components were observed in Altai Krai - 7,058.3 thousand ha, Rostov region -
6545.3 thousand ha, and Orenburg region - 6,535.1 thousand ha. Villages occupy
more than 80% of the total area of unstable landscapes; In the Republic of Crimea,
69.4% of unstable landscapes are occupied by arable land. Most of the plots under
construction are in Krasnodar Krai — 202.9 thousand ha. It represents 4.2% of the
total area of unstable landscapes. Furthermore, the Volgograd and Orenburg re-
gions are characterized by a high indicator of construction plots - 169.5 thousand
ha (2.6%) and - 158.7 thousand ha (2.4%), respectively; We note fewer construction
plots in the Republic of Adygea (22.1 thousand ha), the Republic of Kalmykia (32.2
thousand ha) and the Kurgan Region - 49.1 thousand ha. Most of the roads are lo-
cated in the Republic of Bashkortostan — 260.1 thousand ha, the Rostov region - 196
thousand ha; the least roads are found in the Republic of Adygea - 18.8 thousand
ha and the Republic of Crimea - 43.4 thousand ha. The maximum area of reclaimed
land is located in Krasnodar Krai — 496 thousand ha, the Republic of Crimea - 397.3
thousand ha, and the Rostov and Saratov regions - 259.6 and 257.8 thousand ha,
respectively; the smallest number of reclaimed land belongs to the Republic of Ady-
gea — 27.3 thousand ha and the Kurgan region - 30.6 thousand ha.

As a result of the assessment of landscape-ecological stability, we found that
only the Republic of Kalmykia has pronounced stability of landscapes (5,8), the
coefficient of which exceeds the average four times (Table 4). To the greatest extent,
landscapes are characterized as unstable (7 regions); we noted the lowest coefh-
cient of stability of the ecological landscape (0.4) in the Belgorod Region, Stavropol
Krai, and the Republic of Crimea. In general, stable landscape components domi-
nate over landscapes with unstable components (i.e., where CELS > 0) in economi-
cally underdeveloped regions (the Republic of Kalmykia and the Kurgan Region)
and relatively large territories (the Novosibirsk and Omsk Regions, the Republic
of Bashkortostan, and Altai Krai). The correlation analysis partially confirms the
impact of the economic development of the region on the landscape and ecological
stability. The relationship between CELS and the Economic Development Index (P))
is reversed; on the Cheddock scale, it is characterized by a significant coupling force
(-0.5). We observed a proportional relationship between the CELLS and the indica-
tor of the ecological state of the territory (P ). Therefore, the correlation coefficient
is 0.5 and a significant binding force characterizes the dependence.
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The EES analysis shows the minimum dispersion of the values of the integral
indicator — of 1.1 to 1.8 on a scale from 1 to 3. This fact does not allow us to draw an
unambiguous conclusion about the disproportion of the existing ecological and eco-
nomic situation between the studied regions. In this case, it is advisable to consider
the differences between the indices in each region separately. We noticed the maxi-
mum values of the economic development index (more than 0.7) in the Belgorod
region (due to the maximum parameters characterizing the shipped goods of local
production, agricultural products, and the commissioning of residential buildings)
and in Krasnodar Krai (due to the maximum parameters characterizing the retail
trade turnover, the volume of paid services to the population, and the commission-
ing of residential buildings). Furthermore, this indicator significantly ranges from
0.16 in the Republic of Kalmykia to 0.71 in the Belgorod region. A disproportion in
economic development characterizes the regions studied. We found minimal differ-
ences between the regions in the social sector (the index values range from 0.32 in
the Kurgan region to 0.7 in Krasnodar Krai). This fact indicates a partial leveling of
the disparity and a relatively regular distribution of funds from the federal budget
for the needs of the social sector in the regions.

Table 4. Integral table of the coefficient of stability of the ecological landscape and the in-
dex of EES of the steppe regions of Russia

No. Region Fsl, inst? CELS PI PII PIII Jees
thou. ha thou. ha
1 Belgorod Region 756.3 1824.9 0.4 071 047 049 1.7
2 Voronezh Region 1588.6 3361.4 0.5 0.68 048 047 1.6
3 The Republic of Adygea 485.8 328.1 1.5 045 0.64 058 1.7
4 The Kalmyk Republic 5757.6 986.5 5.8 0.16 059 057 1.3
5 Krasnodar Krai 2819.3 4815.7 0.6 0.70 070 041 1.8
6 Volgograd Region 3566.5  6321.2 0.6 0.29 046 046 1.2
7 Rostov Region 2965.2 6545.3 0.5 048 041 048 14
8 Stavropol Krai 1928.4 4498.6 0.4 041 056 048 1.5
9 The Republic of Bashkortostan ~ 9884.8  4153.1 2.4 049 059 074 1.8
10 Orenburg Region 5436.9 6535.1 0.8 0.38 052 046 1.4
11 Samara Region 1926.7 3308.7 0.6 048 049 0.55 1.5
12 Saratov Region 3226.5 6504.0 0.5 0.33 051 052 14
13 Kurgan Region 4208.6 2569.7 1.6 0.17 032 0.60 1.1
14 Chelyabinsk Region 5000.6 3443.4 1.5 032 046 070 1.5
15 Altai Krai 8800.9 7058.3 1.2 028 034 063 12
16  Novosibirsk Region 12489.0  4126.7 3.0 043 065 0.74 1.8
17 Omsk Region 9259.3 4530.7 2.0 0.35 048 081 1.7
18  The Republic of Crimea 813.2 1832.6 0.4 0.33 058 0.50 14
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Discussion

We designed a generalized schematic map based on the calculated coefficients and
integral indicators (Fig. 1). It represents the spatial disproportions of landscape-
ecological stability and EES of the steppe regions of Russia. We established that
the level of ecological sustainability of landscapes increases in the north-eastern
regions, except for the Republic of Kalmykia and the Republic of Adygea, character-
ized by weak development of industry and infrastructure. In regions where CELS is
greater than 1 (where landscapes with stable components predominate), the distri-
bution of EES indicators has the proportion of 1/1.5/2.
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Figure 1. Schematic map of landscape-ecological stability and EES of the regions of the
steppe zone of Russia. Source: (Federal State Statistics Service 2018).

Studying CELS and EES integral indexes, one would conditionally define well-
developed and poorly developed regions in the social-economic sector and the
condition of landscape and environment. The Republic of Bashkortostan and the
Novosibirsk Region could be considered well-developed regions. In general, their
landscapes are characterized by relative stability where the integral index of the EES
reaches the maximum value (1.8). The Volgograd region could be regarded as a
poorly developed region characterized by a low level of ecological-economic secu-
rity and unstable landscapes.

Discussion

A high level of agricultural development characterizes the steppe regions of the
southern European part of Russia. Large-scale water and chemical reclamation in
these territories aggravate the conditions of soil resources. One of the main envi-



The spatial analysis and landscape stability 605

ronmental problems is the restoration of the biopotential of soil resources in the
western part of the study region. To change this situation for the better, one should
use soil protection and cultivation of arable land, new irrigation technology, soil
reclamation, forest reclamation, pasture restoration, and many other measures.

Despite the relatively high value of CELS in the Republic of Kalmykia, this re-
gion is characterized by increased soil degradation due to desertification, erosion,
soil salinization, and land loading.

The ecological problems of the Volga and the southern Ural basin are character-
ized by the destruction of ecosystem connections and the threat to human health.
A difficult hydrochemical situation has developed in the water bodies of the Kuiby-
shev and Saratov reservoirs. The reduction in annual flow of the Volga and Ural
rivers is aggravated by the loss of a unique capability — natural self-purification and
the destruction of floodplain and fish potential.

As aresult of economic activity in the central part of the studied mesoregion, in-
dustrial waste is generated, including the products of processing enterprises. Land-
fills occupy a thousand hectares of land.

Almost all major industrial centers of the Urals and Siberia aggravate the eco-
logical situation outside the studied mesoregion.

Therefore, the spatial analysis of the landscape-ecological stability and ecological-
economic security of the steppe regions of Russia and its assessment revealed many
urgent environmental problems.

In the southern European part of the steppe regions of Russia, we identified
such problems as (1) soil disruption due to oil and gas production, (2) secondary sa-
linization and soil deflation, (3) violation of the regime of specially protected areas,
(4) deterioration of natural meadows and (5) atmospheric air pollution.

In the central part of the steppe zone of Russia, we encounter (1) soil disruption
as a result of oil and gas production and mining, (2) soil erosion, (3) loss of produc-
tive land, (4) ravine formation, (5) depletion and pollution of water resources, (6)
deforestation, (7) degradation of forests and (8) air pollution.

In the eastern part of the steppe zone of Russia, we determined the following
issues: (1) loss of productive land, (2) depletion and pollution of water resources,
(3) exhaustion of fish resources and commercial fauna, (4) soil deflation, and (5) air
pollution.
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