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Abstract. Land degradation and desertification are major environmental challenges in the arid Caspian region (Pri-
Caspian) of Kazakhstan. This study assesses desertification susceptibility in the Mangystau region using an integrated GIS and
remote sensing approach. Four controlling factors were analyzed: distance to active tectonic faults, terrain slope, vegetation
cover derived from the Normalized Difference Vegetation Index (NDVI), and soil moisture conditions represented by the Wa-
ter Requirement Index (WRI). Euclidean distance analysis was used to evaluate tectonic influence, slope gradients were de-
rived from SRTM data, and NDVI and WRI were calculated from Landsat 8 OLI imagery. All factors were reclassified into
standardized ordinal classes and integrated using a weighted sum multi-criteria evaluation model to generate a composite des-
ertification susceptibility map. The results indicate strong spatial heterogeneity in degradation conditions. Areas near tectonic
faults with steeper slopes, low NDVI, and low WRI values show the highest susceptibility to desertification, while regions with
gentle slopes, higher vegetation cover, and better soil moisture exhibit greater environmental stability. The study demonstrates
that land degradation in Mangystau is controlled by the combined effects of geological, geomorphological, and ecological
factors. The proposed integrated framework provides a reliable tool for desertification assessment and supports sustainable

land management in arid and semi-arid environments.
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1. Introduction

The Caspian region, which includes Atyrau and Man-
gystau of Kazakhstan has been experiencing increasing des-
ertification over the past decades; this phenomenon threatens
both the environment and local livelihoods. Land degrada-
tion is considered one of the main drivers of desertification,
as it reduces fertility and vegetation cover.

Remote sensing data, such as Landsat images, have been
widely used to monitor changes in vegetation and soil mois-
ture; they provide valuable information for large and inacces-
sible areas. In addition, the digital elevation models (SRTM)
allow researchers to analyze slopes, which affects erosion and
water retention; these factors contribute to land degradation.

The Euclidean distance tool was used to determine the dis-
tance to active tectonic fault lines, which can influence soil
moisture and land degradation. Vegetation indices, such as
NDVI, have been applied to detect the loss of plant cover,
whereas the Water Ratio Index (WRI) is used to assess soil
moisture. Previous studies have shown that areas with steep
slopes or low vegetation density are more vulnerable to degra-
dation, which highlights the need for integrated assessments.

In this study, remote sensing indices, slope analysis, and
distance metrics are combined to evaluate land degradation,
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providing a comprehensive view of desertification patterns.
Active tectonic faults, which influence groundwater distribu-
tion, are also considered as contributing factors to the spatial
variability of soil moisture and vegetation, although this
aspect is often overlooked in conventional studies.

The study is devoted to the important issue of land degra-
dation and desertification in the Caspian region. The study is
highly relevant because the increasing impacts of climate
change and human activities have accelerated environmental
degradation, threatening ecosystems and local livelihoods.
One of the main problems is the lack of an integrated ap-
proach to accurately assess land degradation using multiple
environmental factors and geospatial technologies.

The results of this research are expected to support sus-
tainable land management strategies and help mitigate deser-
tification risks in the Pri-Caspian region of Kazakhstan.

2. Materials and methods

2.1. Study area

The study area is in the Caspian region of Western Ka-
zakhstan and mainly covers the territory of the Mangystau
region (approximately 43.40°-45.70° N, 50.00°-55.00° E)
with partial inclusion of adjacent areas of the Atyrau region
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(approximately 46.00°-48.00° N, 50.00°-53.00° E) [1]. Man-
gystau region is situated in the southwestern part of Kazakh-
stan along the eastern coast of the Caspian Sea (Pri-Caspian
area) and represents one of the most arid and environmentally
sensitive regions of the country [2].

Geographically, Mangystau region is characterized by a
complex relief that includes coastal lowlands, plateaus, de-
pressions, and isolated mountain massifs [3]. A significant
part of the territory lies below sea level, including the Kara-
giye Depression (approximately 44.02° N, 51.33° E), one of
the deepest continental depressions in Central Asia [4]. The
Mangystau Plateau and the Ustyurt Plateau dominate the
eastern and northeastern parts of the region, forming elevated
flat and dissected surfaces with steep escarpments [5]. The
climate is sharply continental and extremely arid, with very
low annual precipitation, high summer temperatures, strong
winds, and intense evaporation. These climatic conditions
contribute to soil salinization, sparse vegetation cover, and
high susceptibility to desertification [6].

Geologically, the Mangystau region is influenced by
complex tectonic structures related to the Caspian basin [7].
Numerous faults in Figure 1 and lineaments control ground-
water movement and may affect spatial variations in soil
moisture and vegetation distribution. These tectonic features,
together with the fragile surface conditions, increase the
sensitivity of landscapes to degradation processes [8].
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Figure 1. Active tectonic fault lines of Mangystau Pri-Caspian
region

Due to the combined influence of arid climate, complex
relief, tectonic activity, and fragile ecosystems, the Man-
gystau and adjacent parts of Atyrau regions represent a high-
ly suitable area for investigating land degradation, desertifi-
cation, and associated geomorphological processes using
integrated GIS and remote sensing approaches.

2.2. Methodological framework

The methodological framework in Figure 2 of this study
is based on an integrated GIS and remote sensing approach
for assessing land degradation, desertification, and landslide
susceptibility in the Caspian region. The workflow consists
of several sequential stages, including data acquisition, factor
extraction, reclassification, spatial integration, and final sus-
ceptibility mapping. The interaction between tectonic faults,
slope, vegetation cover (NDVI), and soil moisture (WRI)
forms an integrated system controlling soil degradation and
desertification processes.
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Figure 2. Workflow of the GIS-based methodological frame-
work for assessing land degradation and desertification in the
Mangystau region

Tectonic structures affect groundwater distribution, slope
determines erosion intensity, vegetation protects soil from
degradation, and soil moisture reflects surface stability. The
combined influence of these factors increases the susceptibility
of landscapes to degradation and landslide processes.

2.3. Assessment of tectonic fault control on land degrada-
tion processes

Previous studies have demonstrated that tectonic structures
and associated geological processes influence vegetation dis-
tribution and soil conditions. For instance, Li et al. (2023)
found that vegetation index values (NDVI) vary in relation to
fault length density and elevation, suggesting that fault zones
affect hydrothermal and ecological conditions — with lower
NDVI in areas close to faults at certain elevations and con-
trasting patterns at higher altitudes [9]. Additionally, tectonic
activity coupled with lithological controls has been shown to
shape spatial patterns of soil and vegetation parameters in
fault-controlled landscapes [10]. Tectonic and internal geo-
morphological dynamics also significantly contribute to ero-
sion and sediment production rates, linking structural geology
to soil degradation processes [11]. Moreover, fault zones tend
to exhibit increased fracture density and reduced rock strength,
which can enhance susceptibility to mass movement and sur-
face instability under external triggers such as rainfall [12].

Figure 3 illustrates the relief of the Mangystau region in
relation to the distribution of active tectonic faults and rec-
orded seismic events. The terrain is predominantly represent-
ed by gently undulating plains and dissected plateaus, with
local elevated areas corresponding to structural uplifts and
residual mountain ridges.

Tectonic faults are shown as linear features of different
colors, indicating their relative activity and confidence levels.
The major fault zones form elongated, predominantly north-
west—southeast trending structures, which reflect the regional
tectonic framework of the Caspian basin. These fault systems
control the structural pattern of relief and contribute to the
formation of escarpments, depressions, and plateau bounda-
ries. Seismic events are represented by blue circles, classified
into major, middle, and minor categories according to earth-
quake magnitude. The concentration of seismic points near
fault intersections suggests a strong spatial relationship be-
tween tectonic activity and seismicity. This spatial coincidence
confirms the ongoing tectonic activity of the region and high-
lights the role of fault zones as zones of crustal weakness.
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Figure 3. Relief and distribution of active tectonic faults and seismic events in the Mangystau region

The relief shading emphasizes elevation differences and
slope variations, which are more pronounced in areas adja-
cent to major fault lines. These zones are characterized by
increased surface dissection and geomorphological instabil-
ity, making them more susceptible to erosion, soil degrada-
tion, and slope failure processes. The integrated visualization
of relief, tectonic faults, and seismicity demonstrates that
tectonic structures play a key role in shaping the landscape of
the Mangystau region. Their influence extends beyond geo-
logical formation and directly affects surface stability, hydro-
logical conditions, and land degradation patterns.

Imagery

Tectonic faults are represented by colored linear features
corresponding to different confidence and activity classes.
The major fault zones extend predominantly in a northwest—
southeast direction, forming continuous structural corridors
across the region. These fault systems divide the territory
into distinct geomorphological blocks and control the spatial
organization of surface features. The satellite image reveals
that fault zones often coincide with linear valleys, subtle
relief breaks, drainage anomalies, and variations in surface
reflectance, indicating their strong control over geomorpho-
logical and hydrological processes shown in Figure 4.
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Figure 4. Satellite imagery of the Mangystau region shows the spatial distribution of active tectonic faults and seismic events

These zones act as preferential pathways for groundwater
movement and influence soil moisture distribution.

Seismic events are shown as blue circles and are spatially
clustered near the major fault intersections. This spatial asso-
ciation confirms the tectonic activity of the region and sup-
ports the reliability of the mapped fault structures. The inte-
grated analysis of satellite imagery and tectonic data indi-
cates that fault zones represent key controlling factors for
surface instability, soil degradation, and landscape fragmen-
tation in the Mangystau region.
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Tectonic faults represent an important geological factor in-
fluencing groundwater circulation, soil moisture conditions,
and surface stability. Therefore, the distance to tectonic fault
zones was considered as a controlling parameter in the as-
sessment of land degradation and desertification susceptibility.

Euclidean distance analysis was applied to measure the
proximity of each pixel to active tectonic fault lines, which
were obtained from regional geological surveys and have
been shown to affect groundwater availability in arid envi-
ronments. Before processing, all raster datasets were
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resampled and aligned into a unified coordinate system to
avoid spatial mismatches; however, minor discrepancies in
pixel boundaries were encountered, and these were corrected
through geometric adjustment. Each index was classified into
degradation-related categories based on thresholds common-
ly reported in similar studies, which allowed meaningful
comparison across variables.

2.4 Role of terrain slope in soil degradation and desertifi-
cation processes in the Mangystau region

Several studies have demonstrated that topographic fac-
tors, particularly slope gradient, play a crucial role in soil
degradation processes. Steeper slopes tend to enhance sur-
face runoff and increase sediment yield, thereby accelerat-
ing soil erosion and the loss of soil particles under rainfall
events (Chen et al., 2022) [13]. Wind and water erosion
processes interacting with slope characteristics further in-
tensify soil property changes, with upper slope areas losing
soil organic matter and nutrients more rapidly than lower
slope positions [14]. Research also shows that slope gradi-
ents influence the distribution of soil organic carbon, indi-
cating that slope contributes not only to physical erosion
but also to chemical and biological aspects of soil degrada-
tion [15]. Studies in hilly landscapes reveal significant
impacts of slope gradient on soil physicochemical proper-
ties, underlining the need to consider topographic variations
in land degradation assessments [16].

The images were acquired for the vegetation period to
ensure consistent phenological conditions, and cloud-
contaminated scenes were excluded to maintain data reliabil-
ity. Shuttle Radar Topography Mission (SRTM) elevation
data with 30-meter resolution were incorporated to generate
slope values, since terrain inclination is known to influence
erosion processes and water redistribution.

2.5 NDVI and WRI for assessing land degradation and
desertification in the Mangystau region

NDVI is widely used as an indicator of vegetation condi-
tion and has been extensively applied to assess land degrada-
tion and desertification patterns in arid and semi-arid envi-
ronments [17]. In addition, spectral water indices provide
indirect information on surface wetness and soil moisture
(WRI) conditions, which are closely linked to degradation
processes in drylands [18].

In the arid environments of the Mangystau region, vegeta-
tion degradation and surface drying are key manifestations of
soil degradation and desertification. The Normalized Differ-
ence Vegetation Index (NDVI) derived from Landsat imagery
is widely applied to quantify vegetation cover and its decline,
which is commonly interpreted as an indicator of land degra-
dation and desertification dynamics. At the national scale,
desertification-sensitive areas in Kazakhstan are concentrated
in the western and southwestern regions, including Mangystau
and Atyrau, highlighting the relevance of vegetation-based
remote sensing monitoring for the Caspian zone [19].

To complement NDVI-based vegetation assessment,
spectral water indices can be used to characterize surface
wetness conditions associated with soil moisture variability.
The Water Ratio Index (WRI) is defined using visible, NIR,
and SWIR bands and is commonly used for water/wetness
detection in multispectral data; comparative assessments of
water indices explicitly include WRI and discuss its sensi-
tivity to moisture-related spectral contrasts [20]. Because soil
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moisture strongly controls vegetation productivity and ero-
sion resistance in drylands, combining NDVI with WRI
provides an integrated view of vegetation stress and surface
wetness patterns that are relevant for mapping land degrada-
tion and desertification susceptibility in Mangystau.

3. Results and discussion

3.1 Spatial distribution distances to active tectonic faults

The spatial distribution of the Euclidean distance to ac-
tive tectonic faults in the Mangystau region is shown in Fig-
ure 5. Nine major active fault lines (Line 1 — Line 9) were
considered in the analysis. For each grid cell, the minimum
Euclidean distance to the nearest fault line was calculated,
producing a continuous distance surface.
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Figure 5. Proximity map to active tectonic faults in Mangystau

The results indicate a clear spatial gradient in distance val-
ues across the study area. Areas located near the fault systems
are represented by low distance values (yellow to light orange
colors), while regions situated farther from the tectonic struc-
tures exhibit higher distance values (purple to blue colors).

Short distances to active faults are mainly concentrated in
the central and northern parts of the region, reflecting the
dense distribution of tectonic structures in these zones. In
contrast, the southern and southwestern parts of the study
area are characterized by relatively larger distances, indicat-
ing weaker direct tectonic influence.

The generated distance map provides a quantitative spa-
tial representation of tectonic proximity and serves as an
important geomorphological indicator for subsequent spatial
analyses of land surface processes in the Mangystau region.

The Euclidean distance values to active tectonic faults
were further reclassified into ten ordinal classes to facilitate
spatial interpretation and comparative analysis (Figure 6). The
reclassification scale ranges from Class 1 to Class 10, where
Class 1 (Red) represents the shortest distance to active fault
lines, and Class 10 (Blue) corresponds to the greatest distance.

The reclassified map reveals a clear spatial pattern of tec-
tonic proximity across the Mangystau region. Zones classi-
fied as Classes 1-3 are primarily distributed along the central
tectonic fault systems, indicating strong spatial association
with active structural features. Intermediate classes (Classes
4-7) form transitional belts surrounding the major fault
zones. The highest distance classes (Classes 8-10) are mainly
concentrated in the southern and southwestern parts of the
study area, reflecting weaker tectonic influence.
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Figure 6. Reclassified distance to active tectonic faults

This classification scheme provides a standardized spatial
framework for distinguishing areas with different levels of
proximity to active tectonic structures and improves the
interpretability of the distance surface for subsequent spatial
analyses.

The combined analysis of the continuous Euclidean dis-
tance surface and its reclassified version demonstrate a con-
sistent and reliable spatial pattern of proximity to active
tectonic faults in the Mangystau region. Both representations
confirm that tectonic structures exert a strong spatial control
on the regional geomorphological framework.

3.2. Slope gradient distribution

Figure 7 presents the spatial distribution of terrain slope
in the Mangystau region. The slope values were derived from
the digital elevation model and classified into ten ordinal
categories ranging from flat surfaces to strong slope gradi-
ents, to enhance spatial interpretation and geomorphological
differentiation.
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Figure 7. Slope gradient distribution derived from DEM in the
Mangystau region

Flat and very gentle slope classes dominate the northern
and coastal parts of the region, indicating extensive low-
relief plains. These areas are characterized by minimal eleva-
tion variation and relatively stable geomorphological condi-
tions. Gentle and moderately gentle slope classes are widely
distributed across the central part of the study area, forming
transitional zones between plains and elevated terrains.

Moderate slope classes are mainly concentrated along
elongated belts in the central and southeastern parts of the
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region, reflecting the presence of structural and erosional
landforms. Slightly steep and steep slope classes are limited
to spatial extent and are primarily associated with hilly ter-
rains, escarpments, and tectonically influenced zones.

The steepest slope classes occupy only a small proportion
of the total area and are mainly restricted to localized topo-
graphic highs and dissected relief features. These areas rep-
resent zones of enhanced geomorphological activity and
increased surface instability.

Overall, the slope classification reveals a clear spatial dif-
ferentiation of relief conditions in the Mangystau region and
provides an important quantitative basis for further geomor-
phological, hydrological, and environmental analyses.

The slope gradient map of the Mangystau region reveals
a predominance of flat to gently sloping terrains, indicating
that low-relief plains constitute a major part of the study
area. These landforms reflect relatively stable geomorpho-
logical conditions and limited vertical dissection of the sur-
face. Moderate slope classes form transitional belts that cor-
respond to structural and erosional landforms, while steep
and strongly sloping areas are spatially restricted and mainly
associated with localized uplands and tectonically influenced
zones. The limited extent of high-slope areas suggests that
intense geomorphological processes are confined to specific
topographic features. The spatial pattern of slope gradients
demonstrates clear geomorphological heterogeneity across
the region and provides an essential basis for assessing sur-
face processes, land stability, and environmental sensitivity
in the Mangystau region.

3.3. NDVI and WRI spatial distribution

Figure 8 illustrates the spatial distribution of the Normal-
ized Difference Vegetation Index (NDVI) in the Mangystau
region. The NDVI values were classified into ten categories
to enhance visual interpretation and to distinguish surface
types based on vegetation density.
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Figure 8. NDVI-Derived vegetation distribution in the Man-
gystau region

Low NDVI values (red tones) are primarily associated
with water bodies and non-vegetated surfaces, indicating
minimal or absent vegetation cover. These zones are mainly
located along coastal and lacustrine areas. Moderate NDVI
classes represent sparsely vegetated or mixed surface condi-
tions, reflecting transitional environments between barren
land and vegetated areas.

High NDVI values (blue tones) dominate the central and
southern parts of the region, corresponding to areas with
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relatively dense and healthy vegetation cover. These zones
indicate more favorable ecological conditions for plant
growth compared to surrounding arid surfaces.

The NDVI map demonstrates a clear spatial contrast be-
tween water, barren land, and vegetated surfaces, highlight-
ing the heterogeneity of land cover in the Mangystau region.
This spatial pattern provides an important basis for further
ecological and environmental assessments.

Figure 9 shows the spatial distribution of the Water Re-
quirement Index (WRI) in the Mangystau region. The WRI
values were classified into ten ordinal classes, where Class 1
(red) represents the lowest soil moisture conditions and Class
10 (blue) indicates the highest soil moisture levels.

-2540°E.

Figure 9. Water requirement index (WRI) map of the Man-
gystau region

Low WRI values (Classes 1-3) dominate large parts of
the eastern and southeastern regions, reflecting arid surface
conditions and limited soil water availability. These areas are
characterized by high dryness and weak moisture retention
capacity. Moderate WRI classes (Classes 4-7) form transi-
tional zones, indicating intermediate soil moisture condi-
tions.

High WRI values (Classes 8-10) are mainly concentrated
in localized northern and coastal zones, as well as near water
bodies and low-lying terrains. These areas represent relative-
ly humid soil conditions and higher water availability for
vegetation.

Overall, the WRI map demonstrates strong spatial heter-
ogeneity in soil moisture conditions across the Mangystau
region and provides an important indicator for evaluating
hydrological and ecological variability within the study area.

The combined analysis of NDVI and WRI maps reveals a
strong spatial consistency between vegetation distribution
and soil moisture conditions in the Mangystau region. Areas
characterized by high WRI values, indicating elevated soil
moisture, generally correspond to zones with higher NDVI
values, reflecting healthier and denser vegetation cover. This
spatial agreement confirms the dominant role of soil mois-
ture availability in controlling vegetation development under
arid and semi-arid climatic conditions.

Conversely, regions with low WRI values are mainly as-
sociated with low NDVI levels, indicating sparse or absent
vegetation cover. These areas represent environmentally
stressed zones where limited water availability restricts plant
growth. Transitional zones with moderate WRI values exhib-
it intermediate NDVI levels, highlighting gradual ecological
gradients across the landscape.
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Overall, the integrated interpretation of NDVI and WRI
demonstrates that soil moisture is a key limiting factor for
vegetation distribution in the Mangystau region. The strong
correlation between these two indices provides a reliable
basis for ecological monitoring, land degradation assessment,
and environmental management in arid environments.

Figure 10 presents the overall modeling framework used
to assess land degradation and desertification sensitivity in
the Mangystau region. The model integrates geomorphologi-
cal, geological, and ecological indicators within a GIS-based
multi-criteria evaluation approach.

Figure 10. Integrated spatial modeling framework for deserti-
fication assessment

Four main thematic factors were included in the model:

1. Terrain slope, derived from the digital elevation model
(DEM) using the Slope tool and subsequently reclassified
into ordinal classes.

2. Distance to active tectonic faults, calculated using the
Euclidean Distance tool based on mapped fault lines and then
reclassified to represent different levels of tectonic influence.

3. Vegetation cover, represented by the Normalized Dif-
ference Vegetation Index (NDVI), calculated from Landsat 8
OLI imagery using the raster calculator and reclassified into
vegetation density classes.

4. Soil moisture conditions, represented by the Water Re-
quirement Index (WRI), also derived from Landsat 8 OLI
imagery and reclassified into soil moisture classes.

Each factor layer was standardized through reclassification
to ensure a uniform scale and comparability among variables.
The reclassified layers were then integrated using the Weighted
Sum method, where each factor contributes proportionally to the
final composite index based on its relative importance.

4. Conclusions

The integrated analysis of tectonic faults, terrain slope,
vegetation cover (NDVI), and soil moisture conditions
(WRI) demonstrates that land degradation and desertification
processes in the Mangystau region are controlled by a com-
plex interaction of geological, geomorphological, and eco-
logical factors.

Active tectonic faults significantly influence groundwater
movement, soil moisture distribution, and slope stability. As
a result, areas located in proximity to tectonic structures are
more prone to soil instability and surface degradation due to
enhanced structural weakness and hydrological disturbances.



M. Amirkhanov et al. (2026). Engineering Journal of Satbayev University, 148(3), 24-32

Terrain slope plays a key role in regulating surface runoff
and erosion intensity. Increasing slope gradients lead to
higher runoff velocity, stronger soil erosion, and accelerated
loss of fertile soil layers. Consequently, steeper areas exhibit
greater susceptibility to land degradation.

Vegetation cover, represented by NDVI, reflects the pro-
tective function of plant communities. Low NDVI values
indicate sparse vegetation, which reduces soil protection,
increases evaporation, and enhances erosion processes. This
results in reduced ecosystem stability and increased vulnera-
bility to degradation.

Soil moisture conditions, expressed by WRI, represent
the hydrological status of the land surface and the availability
of water for vegetation growth. Low WRI values correspond
to dry soil conditions, which directly promote soil degrada-
tion and intensify desertification processes.

When analyzed together, these factors form an integrated
environmental system: tectonic structures control hydrological
conditions, terrain slope determines erosion intensity, vegeta-
tion cover regulates surface stability, and soil moisture reflects
the current degradation state. Their combined interpretation
provides a comprehensive framework for assessing land deg-
radation and desertification processes in arid and semi-arid
regions. This integrated approach allows a more reliable iden-
tification of environmentally vulnerable zones and offers a
scientific basis for sustainable land management and desertifi-
cation control strategies in the Mangystau region.

The final output represents the spatial distribution of land
degradation and desertification sensitivity, reflecting the
combined influence of tectonic, topographic, vegetation, and
hydrological conditions.

This integrated modeling framework allows a compre-
hensive and systematic evaluation of land degradation pro-
cesses and provides a robust spatial basis for environmental
assessment and land management planning in arid and semi-
arid regions.
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HNuTerpanasl kendaxkropiabl kepceTkimTep Herizinae Kacnuiit MmaHbl
OHIPI JKepJIepPiHiH JerpaganuscbiH 0arajayblH reOKeHICTIKTIK Mo/ei
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Angarna. [leneiitreny »oHe ep nerpaganmscel KasakcranHbplH Kacnmii MaHBI ©HIpIHAETrT HETI3Ti SKOJIOTHSIBIK
npobaeManapabiH Oipi  0oxpin TaObuTansl. by 3eprreyne mHTerpanusutanFaH ['AJK skoHe KaIIBIKTHIKTaH 30HATAY SIICTEpiH
maiijanasa OTHIPHIN MaHFBICTay OOJBICHIHBIH INONCHTTEeHY YpIiciHe ymmsipaysl OaranaHampl. TepT Oaxputaymsl (axTop
peTiHe: OelceH I TeKTOHUKANBIK >KapbUTBIMIapFa JEHiHT1 KAIIBIKTHIK, JXep OelepiHiH eHICTITi, eCIMIIKTepIiH HOpMalaHFaH
aitprpmammbLTBIK MHIEKCT (NDVI) HeriziHIme ecenTenreH eciMIIiK KaMBUIFBICH KoHE Cy KakeTTimiri naaekci (WRI) yceiaFan
TOTIBIPAK BUIFAJIIBUTBIFBI IAPTTAPEl. TEKTOHUKATBIK dcepIi OaFanay YIIiH eBKIUATIK KAIIBIKTHIKTHI Talaay KOJIIaHBUIIBL, JKep
Oenepiniy eHicTik rpagueHTTepi SRTM nepexrepinen ansiaisl, at NDVI sxone WRI Landsat 8 OLI cyperTepiHeH ecenTeii.
Bapnsik (akropsiap CTaHAApTThI PETTIK KiaccTapra KaiTa KIKTEAl OHE IIeJICHTTeHYre YUIbIpay KapTachlH Xacay YIIiH
AHBIKTAJIFaH HOTKKEHI KOIl KpUTepHilliK Oaranay yiriciH maiinanana oTweIpbin OipikTipiami. HoTmkenep xep xerpaianust
JKaFainapblHbIH KYIITI KEHICTIKTIK reTeporeHaunrin kepcereai. Tik Oerkeiinepi, tomen NDVI xxone WRI monzmepi Gap
TEKTOHMKAJIBIK JKapbUIbIMAAPFa JKaKbIH aiiMakTap 1mejedTreHyre OeitiM, ai xxymcak OeTkeitnepi, soraphl ©CIM/IK >KaMbUIFbICHI
JKOHE TOTBIPAKTHIH BUIFAIIBUIBIFEI JKaKChl aiMaKTap SKOJOTHSUIBIK TYPaKTBUIBIKTEI KOpceTedi. 3epTrey MaHFhICTayIaFbl
JKEpIiH Jerpajalisachl TEOJIOTHSUIBIK, TEeOMOP(OIOTHSIIBIK JKOHE SKOJOTHSIBIK (DaKTOPIAPIBIH JKUBIHTHIK dcepiMeH
OaKpUTAHATHIHBIH KepceTeli. Y CHIHBUIFaH Kyle MmeNedTTeHyai OaramayablH ceHiMai Kypaibl 0okl TaObuiagbl. COHBIMEH
KaTap, KYpFaK KoHe JKapThlIail KypFrak jKepliepie ®Kep pecypCcTapblH TYPaKThl 0acKapyabl KOJIIAHIbL.

Hezizzi co30ep: monvipak dezpadayusicyvl, WOACUMmMeHy, MeKMOHUKAILIK HCapbLibimMoap, dcep bedepiniy enicmizi, NDVI,
WRI, kaiima scikmey.

I'eonpocTpancTBeHHAss MOAEJIb OLIEHKH AerPajalny 3eMellb
IIpuKacnuiiCKOro peruoHa Ha OCHOBE HHTErPAJIbHbIX
MHOT0(paKTOPHBIX MOKa3aTeJeil
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AnHoOTanus. Jlerpagamnysi 3eMelib U OMYCTHIHUBAHKE SBIITIOTCSI OCHOBHBIMHU SKOJIOTHUYECKHMH MPOOJIEMaMH B 3aCYIUIUBOM
ITpukacnuiickom permone Kazaxcranma. B maHHOM HCCeOBaHMH OIEHUBACTCS TOIABEPKEHHOCTh MaHTHCTayCKOH obmactu
OITyCTHIHMBAHMIO C HCIIONIb30BaHUEM, HHTerpupoBaHHOW ['MIC M MUCTaHIIMOHHOTO 30HAMPOBAHHA. BBUIM MpoaHaIM3MPOBAaHBI
YeThIpe KOHTPOJIMPYIONMX (haKTopa: paccTOSHUE O aKTUBHBIX TEKTOHWYECKHX Pa3IOMOB, YKIOH MECTHOCTH, PACTHTEIBHBIN
MTOKPOB, PACCYUTAHHBIA HA OCHOBE HOPMAIIM30BAaHHOTO Pa3HOCTHOTO MHEKca pactutenbHocTd (NDVI), U ycrnoBus BIaKHOCTH
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MTOYBKI, TIpeCTaBICHHbBIE NHIEKCOM TIoTpeOHoCcTH B Boge (WRI). [[iist OlleHKH TEKTOHWYIECKOTO BO3MIEHCTBHUS OBLT HCITOB30BaH
aHaIM3 eBKIMOBBIX PACCTOSHUMN, TPAIUCHTH CKJIOHOB OBLIH IMOTydeHbl Ha ocHOBe HaHHBIX SRTM, a NDVI u WRI 6pumn pac-
CUMTaHbI Ha OcHOBe cHMMKOB Landsat 8 OLI. Bee ¢daxrops! Obutn pekaccu(UIMpOBaHbl B CTaHAAPTHHIE TIOPSAKOBBIE KIIACChI U
UHTETPUPOBAHBI C HCIIOIb30BAHUEM MOJEIM MHOTOKPUTEPHUANBHON OILIEHKH B3BEILICHHOM CyMMBI JUIS CO3/1aHMs KapThl MOJBEP-
JKEHHOCTH OITyCTBIHUBAHUIO. Pe3yIbTaThl yKa3bIBAlOT HA CHIIBHYIO NIPOCTPAHCTBEHHYIO HEOAHOPOIHOCTh YCIOBUN JETpafalliy.
PaiioHbl BONIM3KM TEKTOHMYECKUX Pa3liOMOB ¢ 0ojee KPYTHIMU CKJIOHaMH, HU3kuMH 3HadeHusMd NDVI u WRI naubonee noa-
BEpIKEHBI OIyCTHIHWBAHUIO, B TO BPeMs KaK PErHOHBI C MOJIOTMMH CKIOHaMH, 0ojiee BBICOKMM PAaCTHTEIBHBIM IOKPOBOM MU
Jy4Iieil BIa)KHOCTBIO MOYBHI AEMOHCTPUPYIOT OOJBIIYIO SKOJIOTHYECKYIO CTa0WIBHOCTD. VccaenoBaHue AeMOHCTPUPYET, 4TO
Jerpaganys 3eMenb B MaHrucTay KOHTPOJIHPYETCS COBOKYITHBIM BO3/ICHCTBHEM T'€OJIOTHUECKIX, T€OMOP(OIOTHIECKUX U IKO-
normyeckux Qaxropos. [Ipeanmaraemasi cucrema mpeAcTaBisIeT cOO0M HaJIEKHBIH WHCTPYMEHT JJIS OIICHKH OITyCTHIHUBAHUS U
MOAJEPKUBAET YCTONUNBOE YIPABICHUE 3€MEIbHBIMU PECYPCAMHU B 3aCYLIUIMBBIX U MOJIY3aCYIJIMBBIX palOHaX.

Knroueevie cnoea: oecpadayus 3emenv, onycmolHusanue, mekmonuieckue paziomvl, ykion mecmuocmu, NDVI, WRI, ne-
pexaaccugurayus.

Publisher’s note

All claims expressed in this manuscript are solely those of the authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the reviewers.

32



