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ANALYSIS OF THE STATE OF PLANT COVER OF THE BEREZOVKA RIVER
BASIN OF THE WEST-KAZAKHSTAN REGION BASED ON NDVI

In the conditions of intensive development of natural complexes, the basins of small rivers undergo
irrevocable changes, since they are particularly vulnerable geosystems due to their small morphometric
characteristics. At the same time, being small geosystems, they are the most important links in the circu-
lation flows of substances and energy. One of these small rivers is the Berezovka River in the Burlinsky
District of the West Kazakhstan Oblast.

This article presents the results of studies vegetation cover dynamics of steppe landscapes in the
Berezovka River basin for the period from 1985 to 2019, which has undergone significant changes for
decades as a result of anthropogenic and technological impacts. The development of the Karachaganak
Oil and Gas Condensate Field had a significant impact on the agricultural landscapes of this territory.

As the resultant parameter, the NDVI vegetation index was used as one of the ecological and cli-
matic indicators, which was determined based on geoinformation processing of satellite images of the
area under study. The scientific and practical significance of this study is determined by the fact that
the analysis of changes in vegetation cover in different periods was carried out, which allows us to trace
certain dynamics.

In the course of the studies of the vegetation cover of the territory, it was revealed that significant
areas were still in critical condition, despite a slight increase in NDVI indicators due to the natural in-
crease in steppe landscapes. The research results are confirmed by the cartographic material compiled
from satellite images.

Key words: West Kazakhstan region, the Berezovka River basin, the NDVI, steppe landscapes, Ka-
rachaganak Oil and Gas Condensate Field
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bartbic KasakcTaH 06AbICbIHbIH, bepe3oBka e3eHi aaabbIHAAFbl ©CIMAK YXAMbIAFbICbIHbIH,
xaraaibiH NDVI HerisiHAe Taapay

Tabusn KeweHAEPAI KapKbIHAbI Mrepy >KafaambiHAQ Killi ©3eHAEP aAanTapbiHbiH KAMTbIMCbI3
esrepicrtepre yuibipaybl 6aiikaraabl, cebebi oAap ©3iHiH LarbiH MOP(OMETPUSIALIK, CUMMAaTTamMaAapbl
CaAAapblHaH eTe 0caA reoxkyie 60AbIn keaeai. COHbIMEH KaTap LafbiH reokyiie 60Aa OTbIpbIN, 3aT NeH
SHEPrUsl aAMaCYAafrbl MaHbI3Abl OybIHbI PETIHAETT KbI3METIH aTKapaabl. OCbIHAAM Killi ©3eHAEPAIH, 6ipi
— barbic KasakcTaH 06AbIChIHbIH BOpAi ayaaHbiHAaFbl bepe3oBka e3eHi.

YCbIHbIAFAH MakKaAahAa OHAAFaH >KbiIAAAP OOMbl  AHTPOMOTrEeHAIK-TEXHOTEHAIK SCEePAEPAIH
HOTUXKECIHAE MaHbI3AbI e3repictepre yiubiparaH bepe3oBka e3eHi anabbiHAafFbl AaAa AaHALLAdTTa-
PbIHbIH, ©CIMAIK >KaMbIAFbICbI XKafaarblHbIH 1985-2019 XbiAAQpP apaAbIFbIHAAFbI AMHAMMKACBIH 3epTTey
HOTMXKeAepi KepceTiAreH. ATaAFaH arMaKTbiH arpoAaHalladTTapbiHa KapallbiFaHak, MyHai-ra3 KeH
OPHbIH Mrepy >KYMbICTapbl AQ EAEYAI 8Cep eTyAe.

Hetuxeaik kepcetkiw peTtiHae NDVI Beretaumsiablk, MHAEKCI KOAAAHBIAAbI, OYA — 3epTTeAreH
aMaKTbIH, FapbIWTbIK, TYCIPIMAEPIHIH reoaknapaTTblK, 6HAEY Heri3iHAEe aHbIKTaAaTbiH SKOAOTUSIAbIK-
KAMMATTbIK, MHAMKALUMSABIK, KepCeTKiTepiHiH, 6ipi. OCbl 3epTTEyAiH FbIABIMM XXOHE TaXKiprbeAik
MaHbI3AbIAbIFbI ©CIMAIK >KaMbIAFbICbI XKaFAAMbIHbIH 9PTYPAI Ke3eHAepAeri 6eAriAi 6ip AMHamMMKacbIH
aHblKTayFa MyMKIHAIK 6epeTiH e3repictepai Taraayaa 6arkasaabl.

AMaKTbIH 6CIMAIK >KaMbIAFbICbIH 3epTTey 6apbiCbiHAA AAAd AAHALIAMTTAPbIHbIH TabUFM 6CiMmi
apkacbiHaa NDVI kepceTkiwTepiHiH 6ipliama >XofapblAayblHa KapaMacTaH, XepAepAiH Kebi oAl Ae
CbIHM >KafpAaAa €KeHi aHbIKTaAAbl. 3epTTey HOTMXKeAepi XXepCepikTik TycipiM OOMbIHIIA >KacaAFaH
KapTorpadmsAbIK, MOAIMETTEPMEH PacTaAaAbl.
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AHaAM3 COCTOSIHMSI PACTUTEABHOTO MNOKpoBa 6acceiiHa pekn bepe3oBka
3anaaHo-KasaxcraHckoi o6aactu Ha ocHose NDVI

B yCAOBMSIX MHTEHCMBHOIO OCBOEHWS MPUPOAHbBIX KOMIMAEKCOB 6e3BO3BpaTHble M3MEHeHUs
npetepresaloT 6acceiHbl MaAbIX PEK, Tak Kak OHW SBASIOTCS 0CO00 YSI3BUMbIMM Fr€OCUCTEMAMMN B CUAY
CBOMX MaAbIX MOP(POMETPUYECKMX XapaKTepucTuK. [pu 3ToM, GYAyuM MaAbIMM FreoCcMCTEMamM, OHM
BbICTYMAIOT BaXKHENLUMMM 3BEHBSIMU LIMPKYASILMOHHBIX NMOTOKOB BeLecTB M 3Heprun. OAHOM M3 Takmx
MaAbIX pek aBAsieTcst peka bepesoska B bypanHckom paitoHe 3anaato-KasaxcraHckon o6aacTu.

B AaHHOIM cTaTbe MpUBEAEHbl pe3yAbTaTbl MCCAEAOBAHUIA AMHAMWMKKM COCTOSIHUSI PACTUTEABHOrO
MOKPOBa CTerMHbIX AaHAWAQTOB B HacceiHe pekn bepesoska 3a neproa 1985-2019 rr., KOTOpbIA Ha
NPOTS>KEHMU AECSTUAETUIA MpeTeprieBaeT CyLLeCTBEHHble M3MEHEHMS B pe3yAbTaTe aHTPOMoreHHo-
TexHoreHHoro BosaencTaus. CylwecTBeHHOe BO3AENCTBME Ha arpoAaHALAdTbl AQHHOW TeppuUTopmmn
oKazaAo ocBoeHMe KapayvaraHakckoro HedpTerasokoHAEHCAaTHOrO MECTOPOXKAEHMS.

B kauecTBe pe3yabTHpytowero napameTpa npumeHsaAcs NDVI kak OAMH M3 3KOAOTrO-KAMMaTUUeCKnX
MHAMKALIMOHHBIX MOKa3aTeAei, KOTOPbIA OMPEeAEASIACS Ha OCHOBe reomHdopmalMoHHon o6paboTkm
KOCMMYECKMX CHMMKOB MCCAEAYEMOM TeppuTopuu. HayuHas u npakTuyeckass 3HaUMMOCTb AQHHOIO
MCCAEAOBAHUS OTIPEAEASETCS TEM, UTO OblA NMPOBEAEH aHAAU3 U3MEHEHUS! PACTUTEAbBHOrO MOKpPOBa B
pa3AWYHbIE NEPUOABI BDEMEHM, YTO NMO3BOASET MPOCAEANTb OMPEAEAEHHYIO AMHAMMKY.

B xoAe MCCAEAOBaAHUI PACTUTEALHOTO MOKPOBA TEPPUTOPUM BbIAO BBISIBAEHO, UTO 3HAUUTEAbHbIE
TEPPUTOPUM BCE ELLIE HAXOASTCH B KPUTMUECKOM COCTOSIHMM, HECMOTPS Ha HekKoTopoe yBeAndeHne NDVI
3a CYeT eCTeCTBEHHOro NMPUPOCTa CTeMHbIX AAHALAMTOB. Pe3yAbTaTbl MICCAEAOBAHUI MOATBEPIXKAQIOTCS

KapTorpagpmyeckMm MaTepmasOM, COCTAaBAEHHbIM MO CMYTHUKOBbIM CHUMKAM.
KaloueBble caoBa: 3anaaHo-KasaxcraHckas ob6AaacTb, 6acceitH pekn bepesoska, NDVI, crtenHbie
AaHaWadTbl, KapayaraHakckoe HedhTerasokOHAEHCAaTHOE MECTOPOXKAEHME.

Introduction

During the period of intensive development of
advanced technologies and remote sensing of the
Earth, various indicators and parameters obtained
during the processing of satellite images have
widely been used.

The currently available field data are generally
difficult to use to predict regional or global changes,
since such data are traditionally collected at
small spatial and time scales and vary in type and
reliability. Satellite images and indicators that can
be obtained by their computer processing have
become a potential “gold mine” for scientists in this
sense (Pettorelli, 2005).

This particular circumstance is of particular
relevance for the territory of Kazakhstan, stretching
from west to east for 3,000 km, and conducting
regular detailed field studies in these conditions is
very difficult.

Among the indicators that are relevant and
useful for maintaining and increasing agricultural
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productivity, also for monitoring the current state
and forecasting natural landscapes, the index
of the vegetation cover — NDVI is widely used.
The concept of applying this indicator was first
introduced by the American scientist F. Kriegler in
1969 (Kriegler, 1969), and J. Rouse in 1973 (Rouse,
1974); new possibilities for using vegetation indices
were presented in the works of A.Cherepanov, E.
Druzhinina, E. Sutyrina et al. (Cherepanov, 2011;
Sutyrina, 2013).

Object of the study

The target of regional mapping and analysis of
the state of vegetation cover is the West Kazakhstan
region, in particular, the basin of one small rivers,
and the subject of study is to analyze the index of
vegetation cover of the steppe landscapes of the
Berezovka River basin.

The Berezovka River is located on the right
bank of the Ural River in the northeastern part of the
West Kazakhstan region (figure 1).
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Figure 1 — Geographical location of the Berezovka River basin (West Kazakhstan region, Republic of Kazakhstan)

The river originates from the slopes of the Ural-
Ilek (Podural) plateau, flowing from south to north, on
the border area near the village of Zharsuat, it flows
into the waters of the Ilek River (into the Maly Ilek
channel), which finally flows into the largest river Ural.
In water-short years, runoff is unstable. The upper
reaches of the river in summer are prone to drying
out. The length of the river is about 46 km. The area
of the Berezovka River basin is about 580 km?. Thus,
according to hydrometric parameters, the Berezovka
River belongs to the category of small rivers.

The territory is located southwest of the
Podural plateau on a strongly and moderately
dissected hilly-steppe plain, cut by watercourses
unloading into the river Ural basin (Production
project, 2016). The absolute heights of the
river basin territory range from 50-100 m in
the northern half to 120-220 m in the southern
half, having a slightly undulating plain relief
with lowering from south to north (figure 2).
The geomorphological structure is presented in
Figure 3.

Figure 2 — Map of the distribution of absolute heights in the Berezovka River basin
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Deluvial slopes are indented by cloughs and
ravines. The width of the ravine is from several
meters to 0.3-0.5 km. Ravines of various shapes and
configurations, ravines with symmetrical sodded
slopes prevail. In ravines with asymmetric slopes,
erosion processes are noticeably activated. The
depth of the ravines is from 1 to 5-7 or more meters.

The river basin is located in the depths of the
temperate climate zone. The average monthly
temperature of the hottest month (July) is 23.5 °C;
the average maximum temperature of the hottest
month is 29.6°C. The average monthly temperature
of the coldest month (January) is minus 11.7°C.

The study area belongs to areas of insufficient
moisture, characterized by a small amount of

precipitation (250-300 mm) and large amounts
of evaporation.

One of the characteristic features of the thermal
regime of the territory is a sharp increase in
temperature during the transition from winter to spring
and from spring to summer. Taking into account the
significant freezing of soils in winter (100-150 cm),
such a rapid increase in temperature during snowmelt
is accompanied by redistribution and runoff of
meltwater into negative relief elements, causing the
development of water erosion processes and causing
heterogeneity of the soil cover structure with a wide
development of soil combinations (complexes,
combinations, patchiness) associated with various
meso — and micro-relief bedding of soils.

Figure 3 — Geomorphological structure of the Berezovka River basin

According to the agro-climatic zoning,
the basin territory is located in a slightly arid
warm zone with a humidification coefficient in
the range of 0.6-0.8 and the sum of active air
temperatures above 10 °C in the range of 2900-
3100 °C (Baisholanov, 2017: 44).

The sharp aridity of the climate does not
contribute to the development of a dense network
of rivers in this territory. According to the water
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regime, the rivers are of the Kazakhstan type with
a marked predominance of runoff in the spring.
Their nourishment is mainly due to melting snow
water (Production project, 2016).

The hydrographic network of the territory is
formed by the Berezovka River, which dries up
in summer, and its tributaries. In the spring, the
rivers form large floods due to the influx of melt
water. The tributaries of the Berezovka River
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mostly dry up in the summer (figure 4), on the
site of which dry channels are formed, the main

of them are Sulusay, Sarak-Saldy, Konshubay
clough, and Kalminkov clough.

Figure 4 — Upper reaches of the Berezovka River

In the system of soil geographical zoning, the
subzone of dry steppes in the area of distribution of dark
chestnut soils, which occupy the largest territory within
the study territory. The soil cover of the watershed
surfaces is represented mainly by dark chestnut normal
soils. In conditions of a more segmented relief, chalk
deposits lie close to the surface, and dark chestnut
carbonate soils prevail here. On the slopes of ridges,
on the sides of river valleys, ravines, and cloughs, dark
chestnut eroded soils are widespread. On lowering
under conditions of additional moistening (the bottoms
of cloughs, ravines, and above floodplain terraces),
there are meadow-chestnut normal and solonetzic
soils and their complexes with solonetzes, as well as
meadow soils. The soil cover of the lowest level of
river valleys flooded during floods is represented by
floodplain meadow and forest-meadow soils which
are formed on layered alluvial deposits (Production
project, 2016).

Dark chestnut normal and carbonate soils,
being the predominant component of the soil
cover of the territory, are good arable land used
in agriculture without radical improvements and
irrigation. As a result of this, almost all of them
are plowed up (at present, deposits of different
ages), and areas with natural soil and vegetation
cover are confined to lands that are unsuitable
for agricultural use from one or another point
of view (ravines, areas with close bedding or
exposure of bedrocks, with wide development
in the soil cover of solonetzic soils, etc.). Soils
located in arable land are subject to erosion and
require erosion protection.

The vegetation cover is represented mainly
by the Eurasian steppe, feather grass, and fescue
associations with the participation of feather, grass
and fescue, wormwood, and a small number of forbs
(Figure 5).

Figure 5 — Forbs and shrubs of the Berezovka River basin
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The prevailing one is the steppe type of vegetation
dominated by sod grasses (Stipa, Festuca, Koeleria,
Agropyron) and to a lesser extent sod sedges
(Carex). Widely represented steppe forbs, which
include rhizomatous Veronica (Veronica), bedstraw
(Galium); taproot pink (Dianthus), blue cornflower
(Centaurea); subshrubs (Lerch wormwood -
Artemisia lercheana), steppe shrubs meadowsweet
(Spiraea), and pea shrub (Caragana).

Plant growth begins from the date of the steady
transition of the daily air temperature above its
biological minimum temperature. For most plants
and crops, this limit is 5 °C (early spring crops), for
late spring crops — 10 °C, and thermophyte crops
— 15 °C. The duration of the vegetation period of
vegetation cover in the Berezovka River basin; in
the northern half 155-160 days, and the southern half
160-165 days. The moisture supply of the vegetation
period is characterized by an insufficient value of the
coefficient of moisture in 0.6-0.69. The aridity of the
vegetation period is estimated as a semidry period
with hydrothermal coefficient values from 0.5-0.59
in the north to 0.4-0.49 in the south. The bioclimatic
potential is 30-35 c/ha (Baisholanov, 2017: 74).

The landscapes of the Berezovka River basin
are the landscapes of accumulative plains of the
dry-steppe zone. A more detailed classification of
the landscapes of this territory is given in the study
of Ramazanova N. (Ramazanova, 2019), according
to which the northern part of the territory belongs
to floodplain landscapes composed of loams, sand,
gravel and pebbles, with mixed grass meadows and
aspen forests on meadow soils. The central part of the
Berezovka River basin is represented by landscapes

on a poorly segmented accumulative-alluvial plain,
composed of loams, sandy loam, sands with white
wormwood-oatmeal and wheatgrass vegetation
on chestnut soils with meadow solonetzes. In the
southern part, there are landscapes of denudation
strongly segmented plains composed of clay, loess
loam with oatmeal grass vegetation on dark chestnut
normal soils. Small woodlands are available in the
floodplains of the river Ilek.

The study area belongs to the North Eurasian semi-
arid grain zone and is ecotonal, which indicates the
special vulnerability of the territory due to anthropogenic
disturbances and climate change (Wright, 2012).

Based on the above, the landscapes can be
classified as unstable. In this case, any impact on
the formation of soil cover leads to the processes of
degradation and desertification of the territory.

Materials and methods

As it is known, NDVI (Normalized Difference
Vegetation Index) is a normalized differential
vegetation index, usually called the vegetation
index, which is a parameter of the amount of
phytosynthetic active vegetation biomass. NDVI can
show a significant correlation with some parameters

of a completely different area, productivity
(temporary changes), biomass, moisture, and
mineral (organic) soil saturation, evaporation

(evapotranspiration), the amount of precipitation,
the thickness and characteristics of the snow cover.
There is a correlation between the NDVI indicator
and productivity for different types of ecosystems
(Figure 6) (gis-lab.info).

Figure 6 — Sustainable correlation of NDVI indicators and ecosystem, productivity
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Due to the peculiarities of reflection in the
NIR-RED spectral areas, nature objects not related
to vegetation have a fixed NDVI value, which
allows using this parameter for their identification
(Bratkov, 2017).

This characteristic is quite actively used for
regional mapping and analysis of various types of
landscapes, and for assessing the resources and
areas of biosystems at the scale of countries and
continents (gis-lab.info). Also, satellite images and
parameters obtained from their composite lines,
such as the NDVI and Geographic Information
Systems, are widely used in studies of soil erosion
(Barmaki, 2012).

Besides, NDVI can be used not only to accurately
describe the nature of the underlying surface, but
also to monitor precipitation and drought, growth
and yield conditions, and to identify weather effects
and other important characteristics for agriculture,
ecology, and economics (Acharya, 2019).

Vegetation indices (NDVI) of the study area
were obtained by processing satellite images using
the Raster Calculator utility in the Map Algebra
kit of ArcGIS software. Multispectral satellite
imagery from Landsat 4-5 satellites (images for
1985 and 2009) and Landsat 8 (Figure 7) from
the US Geological Survey as of early June 2019
(earthexplorer.usgs.gov) served as the initial data.

Figure 7 — Coverage of the study area with Landsat 4-5 (2009) and Landsat 8 (2019) satellite images

The data obtained from Landsat satellites are used
to solve a large number of subject problems, including,
for example, measuring the extent and classification
of vegetation cover, determining the state of crops,
geological mapping, and monitoring soil erosion in the
coastal zone, etc. (Sutyrina, 2013: 58)

Results and discussion
Analysis of NDVI indicators of vegetation
cover in the Berezovka River basin territory

To analyze the vegetation index of the vegetation
of the study area, satellite images as of the beginning
of June 1985, 2009, and 2019 were taken, taking into
account significant changes in the scale of economic
development of the territory, radical changes in the
management and organization of agricultural sectors,
as well as the quality and processing capabilities of
images at the indicated time.

The spatial distribution of the vegetation index
in the territory of the Berezovka River basin in 1985,
2009, and 2019 is presented in Figures 8-10.

On the NDVI distribution map, as was the case
at the beginning of June 1985, very low indicators of
the vegetation index are observed, which indicates
the lamentable state of the land. 95% of the territory
is occupied by areas with values from minus 0.22 to
0.23, which are typical for desert territories. It may
be said that the critical state of agricultural land was
the result of the widespread extensive development
of virgin and fallow lands, which began in the 50s of
the twentieth century.

The distribution map of the above index,as
it was the case at the beginning of June 2009,
illustrates the decrease in the proportion of sectors
with minimal values, which, in our opinion, is
explained by the processes of natural restoration of
landscapes as a result of the decline of agriculture
and the country’s economy as a whole after the
collapse of the USSR. And although the republic’s
agriculture was restored in 2009, during the years
of independence of Kazakhstan, it was still not on
the scale and volume that was observed during the
existence of the USSR.
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Figure 8 — Territorial distribution of
NDVI indicators of the steppe landscapes
of the Berezovka River basin of West

Figure 9 — Territorial distribution of
NDVI indicators of the steppe landscapes
of the Berezovka River basin of West

Figure 10 — Territorial distribution of
NDVI indicators of the steppe landscapes
of the Berezovka River basin of West

Kazakhstan region (as at the beginning of = Kazakhstan region (as at the beginning of Kazakhstan region (as at the beginning of

June 1985)

According to the map data for 2019, we see
that a significant proportion of the study area is also
characterized by low NDVI values (from -0.23 to
0.22), which according to the discrete NDVI scale,
indicates that these areas are occupied by open spaces
with no or insignificant interspersed vegetation.

Thus, one of the anthropogenic factors was
the consequences of the development of virgin
and fallow lands in the 1950s, which was also
confirmed by American studies conducted from
2001 to 2008, according to which the NDVI trends
in the study area were also negative, although by
some accounts, as a result of the decline in the
agricultural sector of the economy, the Northern
Eurasian grain zone has been in a recovery phase
since 1999 (Wright, 2012).

One of the modern factors of anthropogenic
impact, in our opinion, is the increase in
hydrocarbon production in the West Kazakhstan
region at the Karachaganak oil and gas condensate
field (KOGCF), as well as the construction of major
pipelines, including transcontinental ones, that
significantly increase the environmental hazard
associated with the oil and gas industry.

According to the observations in field studies
of the Berezovka River basin, it was noted that
active construction work of facilities for oil and gas
production was underway, which was accompanied
by deep construction and excavation work through
the use of heavy technical equipment. The vegetation
of the territory is sparse, traces of burning are traced,
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June 2009)

June 2019)

and many areas formerly occupied by arable land
are now abandoned or seeded with perennial crops.

One of'the grave consequences was the complete
resettlement of residents of the village of Berezovka
in the vicinity of the city of Aksai, with the complete
liquidation of the village due to the detrimental effect
of oil and gas on the KOGCF on the life and health
of the rural population. The field is one of the largest
gas condensate fields in the world and belongs to the
first hazard class since the produced gas has a high
content of hydrogen sulfide. In November 2014, in
Berezovka, where over 1.5 thousand people lived,
there was a massive poisoning with unknown gas
from the Karachagan field, located 5 km away from
the village (aksay.kz).

The decision to relocate the villages of Berezovka
and Bestau is associated with the completion of the
economic and technical assessment of the prospects
for the Karachaganak project, which implies an
increase in the sanitary protection zone (SPZ). These
two villages fall into the new SPZ, therefore, the full
resettlement of their inhabitants was recognized as
the best option (inbusiness.kz).

Also, the degradation and desertification
processes of the Berezovka River basin can be
noted when comparing the map data and the graph
of the correlation dependence of NDVI and the
productivity of various ecosystems (Figure 4). The
average value of the vegetation index is estimated
at 0.24 units, whereas, according to the correlation
graph, this value corresponds to the values of the
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desert and semi-desert zones. The steppe zone is
characterized by an average NDVI of 0.4 units.

According to the degree of degradation,
depending on the vegetation index, the territory can
be classified as follows:

— NDVI>0,37 — relatively normal state of
landscapes

—0,3<NDVI<0,37 — landscapes are at some risk

— 0,23<NDVI<0,3 — landscapes are in critical
condition

— NDVI<0,23 — landscapes are in a disastrous
situation

According to this gradation and the results
of the geoinformation analysis of map data
(Figure 8), it was found that about half (49%)
of the basin territory had indicators below 0.23,
that is, they were in a disastrous situation, 34%
of the territory was in critical condition, i.e.
83% of the landscapes of the basin underwent
significant changes (Figure 11). This means that
the desertification process progresses intensively
due to the anthropogenic impact. Former fertile

geosystems may lose the ability to self-repair and
permanently be out of agricultural circulation.

The development of the oil and gas complex
is a powerful source of negative impact on various
components of natural systems. Continuous oil
and gas production leads to significant changes in
natural aquatic ecosystems and soil cover. The main
environmental problems of the soil include heavy
metal pollution, emissions of radionuclides, etc.
(Akhmedenov, 2014)

According to the regionalization of the
territory of the Republic of Kazakhstan in
terms of atmospheric pollution potential, the
considered region belongs to the 3"zone of
air pollution potential, that is, to the zone
of increased air pollution potential. It is
characterized by high natural dust content, low
leaching ability of precipitation, and powerful
industrial development of the region.

A relatively high indicator of the density of
emissions of harmful compounds into the air basin
is typical to the Burlinsky district, where oil and

Figure 11 — Weight fractions of the steppe landscapes of the Berezovka River basin according to the degree of degradation, %

gas enterprises and other industrial facilities are
concentrated. The main pollutants of the air basin of
the region are oil and gas companies, boiler houses,
motor vehicles, and elevators that emit harmful
substances into the atmosphere, the volume of which
from stationary sources in the region in 2013 amounted
to 60.4 thousand tons. The air is most polluted with
carbon monoxide. In 2015, eight excesses of MPC
for nitrogen dioxide (NO,) were registered in four
settlements (Production project, 2016).

According to estimates of the impact on
the natural environment of the Karachaganak
deposit, regarding the time frame, the impact
on the land and vegetation cover will be long-
term. By their nature, the most negative effect
among the “solid and liquid wastes” components
is exerted by mineral salts and alkaline solutions

(reagents), which inhibit plant growth and lead
to soil salinization (Almagambetova, 2011).
Anthropogenic transformations of the earth’s
surface of this territory are exacerbated by the
formation of karst-suffosion relief forms. In
June 2012, were discovered 3 karst formations
near the village of Berezovka and a field of
such holes near the village of Zhanatalap. These
places are directly adjacent to the territory of the
Karachaganak field. According to one version,
the reason is the dynamics of the groundwater
level caused by the rise in the water level in the
reservoir on the Berezovka River. Moreover,
the formation of craters near Berezovka and the
village of Zhanatalap can be associated with the
unloading of saline horizons and the displacement
of limestone by eluvium caused by erosion and
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denudation processes (Akhmedenov, 2014).

Natural erosion activity is poorly expressed, but
recently, in connection with the intensive industrial
and economic development of the region, the banks
of the river are destroying the construction of coffer
dams (washed off in floods), dams and pipelines; the
floodplain is covered by a network of country roads
(Production project, 2016).

The main shifts in land use are also
expressed in the fact that the area under arable
land and shrubbery has diminished, and the
area occupied by settlements and industrial and
infrastructure facilities, inland water bodies, and
recreational facilities has increased dramatically
(Ramazanova, 2012).

Study results

1. To comprehensively investigate the physical
and geographical conditions for the formation
of the vegetation cover, the geological and
geomorphological, natural and climatic features of
the study area were studied; a map of the Berezovka
River basin, hypsometric, and geomorphological
maps were compiled. By its natural and climatic
conditions, the territory of the Berezovka River
basin belongs to small river basins, which are
characterized by a weakly wavy accumulative and
denudation relief with a marked ravine-clough
system, formed in conditions of continental
climate with arid hot summers and frosty winters,
and insufficient moisture. The landscape structure
is represented by dry-steppe landscapes on dark
chestnut and chestnut soils of mainly loamy and
heavy loamy mechanical composition, on which
forbs-grassy plant associations grow.

2. During the study, we obtained data on the
spatial distribution of NDVI indicators, which
reflected the current state of the vegetation cover
for 1985, 2009, and 2019. The indicators of the
vegetation index from 1985 to 2019 tended to
increase as a result of the economic recession in
the post-Soviet period and the natural restoration
of landscapes. Therefore, territories with negative
NDVI values in 1985 occupied more area than in
subsequent years.

3. When comparing data for the indicated time
periods, it can be stated that despite the fact that a
natural recovery of the geosystems of the Berezovka
River basin is traced, significant territories (83%) are
still in distress; that is, NDVI indicators are less than
0.23, which correspond to the desert parameters.
This indicates a slower rate of landscape restoration
and still low biomass productivity.
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4. The process of the natural restoration of the
landscapes of the study area may be disrupted as a
resultofthe expansion of mining and construction and
excavation works related to the further development
of the Karachaganak field. In this context, not only
environmental changes are obvious, but also the
deterioration of the health of the local population is
an issue here and as a result, measures have been
taken on liquidation of the villages of Berezovka
and Bestau and resettlement of residents in nearby
settlements.

Conclusion

Thus, based on the geoinformation analysis of
the NDVI, it was found that a significant part of the
steppe landscape in the Berezovka River basin was
characterized by low NDVI indicators (in 2019, an
average of 0.24 was typical for desert landscapes),
due, in our opinion, to the consequences of extensive
development of virgin and fallow lands in the
Soviet period, as well as an increase in hydrocarbon
production at the KOGCF, and can be withdrawn
from agricultural circulation due to uselessness.

Areas with sparse vegetation (NDVI for 2019 —
from 0.22 to 0.37) occupy a small part of the total
basin area and are distributed mainly on the outskirts
of the study area. Relatively dense vegetation cover
with shrubs and forest cover (NDVI from 0.37 to
0.59) occupies very insignificant parts and stretches
along the floodplain of the Ilek and Berezovka
Rivers, as well as along both sides of a motorway
running along the southern end of the basin as in the
form of artificial plantings.

In general, there is a decrease in the vegetation
index from south to north with a sharp increase in
the floodplain of the Ilek River. According to the
laws of latitudinal zoning on a flat territory, this
indicator should increase from south to north, which
indicates a disturbance of natural processes under
the influence of anthropogenic factors.

The existing processes of landscape degradation
in the Berezovka River basin are complicated by the
fact that the river belongs to small rivers, which are
known to have an increased degree of vulnerability
and a low degree of resistance to anthropogenic
influences, which can eventually become
irreversible. The small size of the river forms a
specific hydrological regime, which differs from the
regimes of large and medium rivers with a very high
sensitivity to natural, climatic and anthropogenic
changes in the basin. Small plain rivers, due to their
low water content and little slope, cannot tolerate
a large amount of washed alluvium. And because
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of the upper layers of the soil cover in the river
basin have been excavated, all loose material with
temporary water courses can be transported and
accumulated in the river bed, which will directly
lead to its shallowing. This particular circumstance
is also observed in changes of water consumption in
the Berezovka River, which, as water is taken and
the climate dries up, becomes shallow year after
year. In the territory of the river basin, especially
near the territory of the Karachaganak field, cases
of soil gaps have become more frequent, which is
associated with a change in the level of groundwater
and the unloading of saline horizons.

The numerous cases of natural gas poisoning of
residents of the villages of Berezovka and Bestau
are also clear evidence of the detrimental effects of
the oil and gas industry.

In this regard, special attention is required to
the administrative decisions on land use, which
can influence the trends of NDVI as a tool for
regional and local environmental monitoring
in an area where comprehensive environmental
data are occasional. Under these conditions, the
remote sensing approach using the vegetation
index can serve as one of the tools for further
regional environmental studies.
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