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Assessment of the ecological stability of the landscapes of the Pavlodar region

Abstract. There are presented main results of the assessment of the ecological stability of the
landscapes of the Pavlodar region, performed by GIS. The assessment of the ecological stability of
the study region was carried out using a series of indicators: the area of water resources, the area
of specially protected natural territories, the average NDVI value, the area of buildings, the
average population density, the length of transport routes, the area of arable land, as well as the
area of man-made territories that have an impact on the natural environment, both positive and
negative. There has been compiled map of the ecological stability of the landscapes of the study
region.
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Introduction

At the end of the twentieth century, there appeared new theoretical problems related to the
acceleration of the processes of degradation of natural complexes, environmental pollution, and a
decrease in environmental stability. In landscape science, there has come a new stage of development. It
is ecological stage.

It is necessary to avoid disturbing the balance of natural processes that regulate energy exchange
with the environment when conducting anthropogenic activities. Problems of assessing the stability of
geosystems described in the works of A. D. Abalakov (2010, 2014), M. 1. Lopyrev (1995, 2005, 2012), V.
A. Baranov (1995, 2001, 2006, 2012), etc. Calculating the degree of stability of the functioning of
geosystems is an urgent issue, the solution of which is particularly important at the present time.
Environmental stability — an ability of geosystems to withstand internal abiotic and biotic
environmental factors, as well as anthropogenic impact. The use of this parameter makes it possible to
implement the selection of measures and actions to balance the environmental factors of different
territories scientifically and systematically [1-5].

The developed optimal structure of environmental management makes it possible to link and
regulate economic activities spatially, regulate the location of objects of economic activity, and
determine the specifics of environmental management. At the same time, it is considered that the
optimal structure of nature management does not lead to negative consequences, does not reduce the
environmental and resource - forming properties of geosystems, and, conversely, an imperfect structure
of nature management, formed without taking into account the ecological stability of the territory, leads
to disruption and degradation.

Materials and methods of research

In our work, landscape is the operational unit of the study to assess the ecological stability of the
Pavlodar region. The basis was a medium-scale (1:500,000) landscape map of Pavlodar region [6] that
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we made earlier. There were identified 74 separate landscapes, presented in Figure 1 and Table 2. They
are divided into different classification categories: classes (plains and mountains), types (forest-steppe
and steppe) and subtypes (north-steppe and south-steppe). Evaluation of the definition of the coefficient
of ecological stabilization of the landscape (Kesl), based on the ratio of the areas of landscape elements
and various indicators that have an impact on the natural environment, both positive and negative [5, 7-
11].

The coefficient of ecological stabilization is shown by the ratio, formula (1):

n m
Kesl=ZFsp/ZFnsp (D
i=1 i=1

Fsp - areas that have a positive impact on the landscape;

where:

Fusp - areas occupied by degraded landscape elements.

Using the calculated values of the (Ki), the assessment of the stability of the landscape can be
made on the following scale: very weakly stable ((Kei), <0.50); weakly stable ((Kest), =0.51-1.00); medium
stable ((Kest), =1.01-3.00); relatively stable ((Kest), =3.01-4.50); stable ((Kest), >4.50).

There were used the following indicators to assess the environmental stability: the area of water
resources, the area of specially protected natural areas, the average value of NDVI, the area of buildings,
the average population density, the length of transport routes (roads and railways), the area of arable
land, as well as the area of man-made territories. Indicators that have a positive impact on
environmental stability include the area of water bodies and protected areas, because these are natural
ecological systems that reflect the presence of high biodiversity and are ecologically important for the
geosystems within which they are located. In addition, the average values of the NDVI coefficient of
each geosystem were added to the positive indicators. All these indicators make the greatest
contribution to the development of ecological stabilization of the studied geosystems.

There were determined the following factors to account for the significance of the negative impact
- the area of buildings, the average population density, the length of transport routes (roads and
railways), the area of arable land, and the area of man-made territories. The above indicators are the
main destabilizing factors that can be obtained in quantitative form from open sources.

Results and discussion

There were considered available statistical and cartographic data to assess the ecological stability
of landscapes, such as: the area of arable land, forests, specially protected natural areas; the length of
transport routes, etc. An assessment of the environmental sustainability of landscapes in the Pavlodar
region was calculated and an environmental sustainability assessment map was produced based on the
collected information (Figure 1).

Based on the results obtained, it can be concluded that most of the region's territory, i.e. 79.2% of
the total area of the Pavlodar region (76 out of 96 landscape types), has a rating lower than 0.5. It
belongs to the category of ecologically fragile landscapes. These landscapes include almost all types of
relief found on the territory of the Pavlodar region, such as shallow-sand dunes, lake-alluvial, alluvial,
denudation and deluvial-proluvial plains. The low stability of these landscapes, for the most part, is
associated with a high percentage of arable land areas relative to the entire area of individual allotments
and the lack of areas that have a positive impact on the landscape.

Landscapes 7, 14a, 20, 61, 73-belong to the category of stable landscapes. These types of
landscapes do not experience a strong anthropogenic load. Within this landscape there is a small
number of transport routes, no arable land, and there is also a nature reserve "Kyzyltau" (landscape 73).

Landscapes 28, 38, 491, 63, 65, 71, and 72 fall into the relatively stable category. Such high ratings
of these landscapes relative to others are explained by the presence of large areas of specially protected
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natural areas, for example, the natural reserve "Ertis ormany" (landscape 71) and most of the territory of
the Bayanaul National Park (landscape 72). In addition, on the territory of these geosystems there is a
small number of man-made and residential buildings and almost no arable land.
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Figure 1. Zoning of the landscapes of the Pavlodar region according to the degree of ecological stability
Landscapes 18, 19a, 35a, 45, 48a, 66, 67c, 74 are included in the category of medium stable. These

geosystems have relatively equal indicators of positive and negative factors. In addition, they are
characterized by the presence of forests, as well as areas included in protected natural areas — such as
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the Bayanaul National Park (landscapes 18, 35a, 66), as well as the nature reserve "Floodplain of the
Irtysh River" (landscape 74).

There are 30 landscapes classified as weakly stable. The situation with the presence in these
geosystems of areas of water bodies and protected areas in this category is almost similar to the
situation in geosystems with very weak stability. However, the main difference for the better is the
lower population density, the absence of industrial facilities and hence the absence of man-made
buildings. In addition, some of these landscapes record relatively small areas of arable land.

There are 46 geosystems belong to the group of very weakly stable landscapes. These landscapes
are characterized by a high average population density. Respectively, a large area of residential and
man-made buildings, large areas of arable land, that is, a large total area of territories that negatively
affect stability. In contrast, there are very few or no areas of water resources and protected areas on the
territory of these geosystems.

Based on the obtained assessments of all types of landscapes of the Pavlodar region, it can be
concluded that the region needs a radical revision of the basic principles of land use, as well as the
development of a separate strategy to improve environmental stability in the region.

Conclusion

The territory of the Pavlodar region belongs to forest-steppe, steppe (north-steppe, south-steppe),
mountain (forest, steppe) and valley landscapes. The landscapes of the region have a combination of
natural factors that enhance the processes of landscape pollution. All this reduces centralization,
orderliness and self-organization, and the stability of the landscape.

Thus, studying the problems of ecological stability of landscapes, we assessed the ecological
stability of the Pavlodar region using various indicators. The assessment of the degree of ecological
stability of natural complexes made it possible to identify landscapes with different stability potentials
(from very weak to stable). The study has confirmed that landscapes with a high degree of ecological
stability are mainly confined to specially protected natural areas. While other landscapes have a low
degree of stability, having smaller favorable impact areas and being subjected to strong anthropogenic
impact.

The assessment of landscape diversity made it possible to identify areas with different
environmental stability potentials. The results obtained allow us to identify spaces of monofunctional
and diverse use, including finding specific places for the organization of protected and recreational
areas.

The results of environmental stability assessments are of central importance in justifying
economic activity and are a necessary component of modern environmental management planning.
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HaBilOAap 00ABICHI IlaH‘Zl,H.Ia(l)TaprHbIH 9KOAO0TMSIABIK TYPaKTbIAbIFbIH 6a1=a11ay

Anaarmia. 'AJX kemerimen opeiHgaaraH [laBaogap 00abIcH AaHAIIA(TapBIHBIH DKOAOTUAABIK,
TYPaKTBIABIFBIH DarasayAblH HeTi3Ii HoTVDKeAepi KeATipiareH. 3epTrey aliMaKThlH 9DKOAOTMSAABIK
TYPaKTBIABIFBIH Oarasay Oipkarap KepceTKillTep KeMeriMeH >Kyprisiadi: cy KOpbl OObeKTidepiHiH
ayJaHbl, epekIlle KOpFfaJlaThiH TaOMFM aymakrapablH aydanel, NDVI oprama MeHi, FuMaparTapAblH
ayJaHbl, XaAbIKTBIH OpTallla THIFBI3ABIFEI, KOAIK KOAAAPBIHBIH Y3BIHABIFDI, €TiCTIK Kepaep, COHJAali-aK
TaOWFM OpTaFra OH Ja, Tepic Te dcep eTeTiH TeXHOTeHAiK ayMaKTapAbIH ay aHBL.

Tyitin cesagep: aaHAmadT, BHKOAOIMAABIK  TYPAKTBIABIK, 9KOAOTUAABIK  TYPaKTBIABIK
KepCeTKiITepi, 9KOAOTUAABIK TYPaKTaHABIPY KOO PUIINeHTi, TaOMFaTTHI NailjalaHy KYPbLABIMEL

XK.O. Osreagmnnosal, E.b. Ycaanmnos?, A.A. JKanuryxumna!l, JK.T. Mykaes3, I11.Y. JactypOaes*
IEspasuiickuil Hauuonarvhutil yrueepcumem um. A.H.I'ymuresa, Hyp-Cyamar, Kasaxcman
2Kasaxcxuti azpomextuyeckuti ynusepcumem um. C.Ceiugpyauna, Hyp-Cyamarn, Kasaxcman

3Tocydapcmeenriviii ynusepcumem umenu Llaxapuma zopoda Cemert, Kasaxcman
0bracmnan cneyuarusuposantas wxora-unmepram N2 dasa odapénnvix demeit, Hyp-Cyaman, Kasaxcman

Onjenka 9K0a0rm4IecKkoi ctadmabHOCTH aaHamadgTos I[laBaogapckoit o6aacTtu

Annoramms. [IpuseseHpl OCHOBHBIE pe3yAbTaThl OLIEHKM HKOAOTMYECKOM CTabMABHOCTU
aanamadros [TaBaogapckort o6aacTy, BeIIIOAHeHHOI ¢ ncnoaszoBaHneM I'VIC. Orjenka K0A0TMYeCKO
CTabMABHOCTH PerMoHa MCCAe40BaHNs IIpoBejeHa ¢ IIOMOIIILIO CepuM MoKa3aTeaell: I11011aab OObeKTOB
BOgHOTO (POHAA, I1A0IIalb OCODO OXpaHsAeMBIX HPUPOAHBIX TeppuTopmii, cpejHee 3HadeHrme NDVI,
IA0IIaAb CTPOEHNUI, CpeAHsIs ILAOTHOCTh HaceAeHIs], IIPOT>KeHHOCTh TPAaHCIOPTHELIX ITyTel, I110IaAb
TaIleH, a TakXe M140IaAb TeXHOTEHHBIX TePPUTOPUI, MMEIOIINX KaK IOA0XUTeABHOe, TaK I
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OTpHullaTeAbHOe BAVSHIE Ha IIPUPOAHYIO Cpeay.
KaioueBnle caoBa: aaHAmadT, DKOAOTMYECKas CTaOMABHOCTB, IIOKa3aTeAu HKOAOTUYECKON
cTabmAbHOCTY, KOO(PPUIINEHT SKOAOTMYECKON CTaOMUAM3AIN, CTPYKTYpa IPUPOAOIIOAb30BaHNA.
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