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Annotation: This article analyzes the degree of anthropogenic impact and the level of landscape degradation in the
Tashkent region using GIS and remote sensing data. The results show that approximately 5.46% of the territory has
been affected by various anthropogenic processes, mainly due to mining, quarrying, irrigated agriculture, and sand—
gravel extraction along river valleys. According to cartographic and multi-criteria evaluation, the Qurama,
Olmaligsay-2, and Sovugbulogsay landscapes represent the most severely disturbed areas. The study develops
scientifically grounded recommendations for ecological reclamation, assessment of natural recovery potential, and
implementation of remote monitoring systems. The findings contribute to ensuring the stability of landscape systems
and strengthening ecological safety in the Tashkent region.
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AHHOTAUA

B naHHOH craTbe aHANIM3UPYETCS CTENCHb AHTPOIIOTEHHOTO BO3JICHCTBHS W YPOBEHb JETpajalliu
nmaaamadgroB TamkeHTCKON 00macTH ¢ ucroiab3oBaHueM MaHHBIX [ MIC 1 AMCTaHIIMOHHOTO 30HAMPOBAHUS 3EMIIH.
Pe3ynpraTsl mokaszanu, 9To okoio 5,46% TeppUTOPHH MOABEPIIINCH PA3INYHBIM BHIaM aHTPOIIOT€HHBIX IIPOIECCOB,
TJIaBHBIM 00pa30M BCIIEICTBHE TOPHOI00BIBAIONIEH AEATEIBHOCTH, Pa3pabOTKH KapbepOB, OPOIIAEMOTO 3EMIIEACIINS
1 10OBIYN TIeCYaHO-TPAaBUIHBIX MaTepHalioB B AoirHaX pek. CormacHo kapTorpadgudeckoMy W MHOTO(PAKTOPHOMY
aHamuzy, Janamadtel Kypama, Onmanbikcaidi-2 u CoBykOysiokcaii oTHOCSATCS K Haubojee HapylIeHHBIM
TeppuUTOpUAM. B uccremoBaHMM MpeIIOKEHBl HAyYyHO OOOCHOBAHHBIE PEKOMEHAALMH TI0 HKOJOTHYECKON
PEKYJIbTHBALMH, OLEHKE ECTECTBEHHOIO MOTEHIMaja BOCCTAHOBJICHUS M BHEIPEHHIO CHCTEM JMCTaHIIHOHHOTO
MoHuTOpHuHra. [lonydeHHbIE pe3ynbTaThl CIIOCOOCTBYIOT OOECIEUEHHI0 YCTOWYMBOCTH JIAaHMIIAPTHBIX CHCTEM MU
YKPEIUICHUIO 9KOJIOTHYECKOH O6e30macHocTH TalkeHTCKol 001acTH.

KuaroueBsie ciioBa: TamkeHTcKas 001acTh, TIaHAMA(T, aHTPONIOTeHHOE Bo3aelicTeue, [ IC-aHanms3, TUCTaHIIMOHHOE
30HAUPOBAHUE, Kapbep, IPO3Us, IKOJIOTHICCKAs PEKYTbTHBAIINS, HHICKC JeTPpaallii, YCTOHYHBOCTD JTaHAMA(TA.

Introduction
MATERIALS AND METHODS
Study Area

The research was conducted in the Tashkent region, located in the central part of Uzbekistan. The territory
exhibits a complex relief: the northern and western parts are plains, the central area consists of foothills, and the
southeastern section is dominated by mountainous landscapes. The natural-geographical diversity of the region
determines the variety of anthropogenic impacts — irrigated agriculture prevails in the plains, mining and quarrying
in the mountainous areas, while transport and industrial activities are concentrated along river valleys.
During the study, 12 administrative districts, more than 40 landscape types, and three major river systems — Chirchig,
Ohangaron, and Syrdarya — were analyzed. The main sources of landscape disturbance within these territories include
quarries, irrigation erosion, gully erosion, suffosion—karst processes, and riverbank extraction activities.
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Data Sources

A complex combination of data sources and
technological tools was used in the study:

. Remote Sensing (RS) data:

High-resolution satellite images (0.5-1 m/pixel)
obtained from Google Earth Pro (2023-2024) were
used to identify disturbed areas. Each river valley was
analyzed at an altitude of 1 km, and the coordinates of
quarries located along the Syrdarya (right bank only),
Chirchig, and Ohangaron rivers were digitized and
georeferenced.

. GIS database (ArcGIS Pro):

The spatial data were processed in ArcGIS 10.8 and
ArcGIS Pro 3.0 environments using tools such as
Repair Geometry, Merge, Intersect, Dissolve, and
Calculate Geometry. As a result, quarries occupying a
total area of 266.300741 km? were delineated. This
corresponds to 1.79% of the total territory of the
Tashkent region.

. Landscape mapping:

For each district, landscape codes, elevation limits,
dominant anthropogenic activities, and natural factors
were compiled into tabular format. Based on these
datasets, a mining and quarry distribution map was
produced to visualize the spatial pattern of
anthropogenic pressure.

. Statistical and analytical sources:

Scientific papers, ecological reports, and international
studies published between 2019 and 2024 (e.g., Gann
etal., 2019; Liu et al., 2024; Arratia-Solar et al., 2022;
Vanmaercke et al., 2021) were reviewed and used as
methodological and conceptual foundations for the
analysis.

Research Methodology

The methodological basis of the study combined a
landscape approach and GIS-based analytical
assessment. This framework made it possible to
investigate each landscape type from the standpoint of
the interaction between natural and anthropogenic
components (Goudie & Viles, 2016).

. Cartographic analysis:

Individual GIS layers were created for each type of
disturbed area — polygon layers for quarries, linear
layers for erosion zones, and point layers for saline
soils. These layers were integrated using the Overlay
Analysis tool to map the overall degree of landscape
degradation (Vanmaercke et al., 2021).

. Geomorphometric analysis:

Relief elevation parameters were analyzed using
Digital Elevation Model (DEM) data to compare the
spatial distribution of anthropogenic processes across
elevation gradients. Additional indicators such as
Topographic Wetness Index (TWI) and Slope Aspect
were applied to identify erosion-prone zones (Poesen,
2017).

. Multi-Criteria Evaluation (MCE):

The level of degradation was assessed using five key
criteria — landscape type, elevation, soil moisture,
anthropogenic load, and land-cover change (Arratia-
Solar et al., 2022). Each criterion was normalized
within the range of 0-1, and an overall Degradation
Index (DI) was computed.

. Field validation:

Field observations were conducted in Piskent,
Ohangaron, and Boka districts in 2024 to verify the
accuracy of GIS interpretations. Following the
recommendations of Gann et al. (2019) and Coutinho
et al. (2023), the field survey also included assessment
of the natural restoration potential of the disturbed
landscapes.

Scientific Accuracy and Reliability

To ensure analytical precision, 710 landscape
areas were examined in detail, and an individual
polygon shapefile was generated for each object. The
boundaries, depth, and total area of extraction zones
were measured with an accuracy of 0.001 kmz, and all
calculations were performed in the WGS 84
coordinate system.

The results obtained from GIS and remote
sensing analyses were cross-validated and confirmed
within a +3% error margin, which meets the
requirements of modern landscape monitoring
practices (Liu et al., 2024; Song et al., 2024).

RESULTS

Such an integrative methodology ensures a
high level of reliability in the identification, mapping,
and quantitative evaluation of anthropogenic
degradation in the Tashkent region.

General Characteristics of  Anthropogenic
Pressure

The character of anthropogenic impact in the
Tashkent region is directly determined by its natural—
geographical setting. Mining and quarrying activities
dominate in the mountainous and foothill areas,
irrigated agriculture in the plains, and sand—gravel
extraction in the river valleys.

According  to GIS-based analysis,
approximately 5.46% of the region’s total area consists
of landscapes disturbed to varying degrees, with the
largest share attributed to quarries and mining zones
(266.3 km2).

These processes are the result of the
interaction between natural and human-induced
factors. Elevation, landform structure, drainage
density, and soil types have all undergone significant
transformations under anthropogenic influence. The
formation of anthropogenic landscapes is closely
linked to human production activities, which
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ultimately disturb the equilibrium of natural systems
(Goudie & Viles, 2016; Poesen, 2017).

Quarries and Technogenic Disturbances

Analysis revealed that quarries and mining
zones represent the most extensive anthropogenic
formations in the Tashkent region. Their total area is
266.300741 km?, accounting for 1.79% of the entire
region.

The quarries are primarily located in the
following districts: Bekobod (1-1, 4-14, 4-15, 7-3),
Piskent (4-10, 12-12, 15-5, 2-9, 3-18, 13-1, 16-3, 19-
27, 22-14, 22-15), Ohangaron (164, 13-17, 22-16,
19-25, 19-26, 22-20, 33-28, 4-9, 12-8, 12-9, 13-3,
13-4, 13-6, 13-7, 12-7, 15-4, 19-6, 19-12, 19-13,
19-14,9-15, 19-17, 27-6, 27-8, 14-5, 28-13, 28-14,
28-15, 26-10, 26-11), O‘rta Chirchiq (2-15, 8-3, 9-7,
11-4), Yugori Chirchiq (12-6, 10-2, 10-1, 9-6, 3-4),
Parkent (12-3, 19-5, 19-8, 12-4, 15-2, 17-5),
Bo‘stonliq (3-7, 5-3, 20-11, 36-1, 17-2, 17-3, 9-5,
18-6, 33-3, 40-2, 29-2, 29-3, 29-4, 34-3), Chinoz

(2-3, 11-1, 9-1), Qibray (19-1, 17-1, 11-2, 3-4, 3—
4-5), Yangiyo‘l (9-2, 12-1, 11-2, 3-2, 2-7, 3-3, 4—
2-6), and Oqqo‘rg‘on (14-1, 12-8, 2-16, 3-9).

Most of these quarries are situated along
mountain slopes and river valleys, reflecting a close
relationship between mining development and the
geological structure of the region. The expansion of
quarrying alters the morphological configuration of
the relief, accelerates soil degradation, and ultimately
reduces the overall stability of the geosystem (Arratia-
Solar et al., 2022; Vanmaercke et al., 2021).

In some landscapes, the proportion of quarry
areas reaches 30-90%. For instance, the 15-5
(Olmaligsay-2), 16-3 (Qurama), and 22-16
(Sovugbulog) landscapes represent the highest
concentration of extraction zones. Because most
quarries remain unreclaimed, they become centers of
surface water accumulation, intensified erosion, and
microclimatic modification (Liu et al., 2024; Gann et
al., 2019).
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Mining and quarrying areas in the Tashkent region
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Figure 1. Spatial distribution of quarries and mining zones in the Tashkent region (based on GIS analysis, 2024).
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Anthropogenic Impact in River Valleys

The riverine landscapes — 1-1, 1-2, and 1-3
— have recently become major sources of sand, gravel,
and stone extraction. Particularly along the Chirchiq,
Ohangaron, and Syrdarya rivers, such activities have
caused channel displacement, shrinkage of riparian
vegetation, and changes in soil-water regimes.

According to remote sensing data:

. Chirchig River — 61 quarry clusters
covering 26.18 kmz;

. Ohangaron River — 45 quarry
clusters covering 23.36 km?;

. Syrdarya (right bank) — 48 quarry

clusters covering 6.59 kmz.

To ensure precision in mapping, adjacent
quarries located in close proximity were grouped as
quarry clusters. Since economic or administrative
boundaries of such extraction zones cannot be clearly
defined through remote sensing, the assessment was
based on areas where natural surface morphology was
altered, relief deepened, and vegetation removed.

Therefore, the total occupied area (km?) was
used as the main criterion for evaluating
anthropogenic disturbance rather than the number of
quarries.

These findings indicate that the closer a river
is to densely populated areas, the greater the
anthropogenic pressure. Similar conclusions were
drawn by Tarolli & Sofia (2016), who emphasized that
human activity in river valleys rapidly disrupts
morphodynamic balance. Although the Chirchiq River
is only 154 km long(Sharipov 2022), its quarry area
surpasses that of other rivers, largely due to dense
population and transport accessibility. In contrast, in

the upper reaches of the Ohangaron River, steep
topography and sparse settlement naturally limit
extraction activity.

Irrigated Agriculture and Erosional Processes

In the plains of Bo‘ka, Oqqo‘rg‘on, Piskent,
O‘rta Chirchiq, and Quyi Chirchiq districts, irrigated
farming represents the main source of anthropogenic
pressure. Improper irrigation practices have intensified
irrigation erosion, suffosion, and soil salinization.
According to GIS-based calculations, these processes
affect approximately 3.53% of the total area.

Irrigation erosion is particularly severe in
unregulated water-flow directions and on gentle slopes,
where water accumulation accelerates surface wash-
off. These processes reduce soil fertility and weaken
landscape stability (Maetens et al., 2012; Vanacker et
al., 2014).

Degree of Landscape Degradation
The degree of disturbance was assessed through multi-
criteria evaluation (MCE) using a Degradation Index
(D1).
v Severely degraded (>20%) — Qurama (16-3),
Olmaligsay-2 (15-5), Sovugbulogsay (22-16),
and Chirchiqg left bank (3-5); total: 15
landscapes.
v" Moderately degraded (5-20%) — Ohangaron
left (12-12), Gfijigen left (12-13, 14-12),
Bo‘zsuv valley (4-1); total: 22 landscapes.
v Slightly degraded (<5%) — Parkent, Piskent,
and Qibray surroundings; total: 100
landscapes affected by quarrying and mining.
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Comparison of landscape degradation indices across key districts of the Tashkent region

o
x
@
© 15
©
= 10
o
b
o
5
0 \- Y N
) ) A, O Al o o0
o Pt ar o 0" ﬁ“'-‘ve
R\ \ il N Al °°
p° a&®’ o Q0
ar Pt o N g
o™ Wt
~ N
0

District / Landscape Code

Figure 2. Comparison of landscape degradation indices across key districts of the Tashkent region

The results demonstrate that Ohangaron
valley, Bo‘stonliq, and Piskent districts have the
highest degradation indices (=20%), where
technogenic and geomorphological processes interact
synergistically, amplifying each other’s effects.

DISCUSSION

The findings confirm that the intensification
of anthropogenic activities in the Tashkent region has
significantly reduced geosystem stability and
weakened the self-recovery potential of natural
components. This pattern aligns with the concept of
“Anthropocene Geomorphology” (Goudie & Viles,
2016; Tarolli & Sofia, 2016).

As emphasized in international research,
large-scale landscape degradation is primarily driven
by resource extraction and overexploitation of land
(Boardman & Poesen, 2006; Vanwalleghem et al.,
2017). The anthropogenic landforms observed —
quarries, erosion gullies, and displaced river channels
— resemble natural geomorphic forms in appearance,
yet their genetic mechanisms differ fundamentally.

Therefore, future reclamation and ecological
restoration measures must be implemented in
accordance with the frameworks proposed by Gann et
al. (2019) and Coutinho et al. (2023). These
approaches provide scientifically grounded pathways
for stepwise restoration and for achieving
anthropogenic resilience of the landscape systems (Liu
et al., 2024; Song et al., 2024).

CONCLUSION

The results of the study show that the
degradation of landscapes in the Tashkent region is
mainly associated with human activities. Mining,
quarrying, irrigated agriculture, and riverbank
extraction are identified as the major factors exerting
the strongest influence on the stability of natural
systems.

According to GIS analysis, about 5.46% of
the region’s territory is affected by various degrees of
disturbance, with a significant proportion attributed to
quarrying areas (266.3 km?). These sites are mostly
located along river valleys and mountain foothills,
where they cause alterations in landform morphology,
soil degradation, and local microclimatic changes.

Sand and gravel extraction along riverbanks
has resulted in channel shifting, reduction of riparian
vegetation, and disruption of the water—soil balance. In
irrigated agricultural areas, mismanagement of water
distribution has intensified irrigation erosion and soil
salinization processes.

Assessment of the degree of landscape
disturbance revealed that the Qurama, Olmaligsay-2,
and Sovugbulogsay areas have undergone the highest
levels of anthropogenic transformation.

Therefore, it is essential to implement step-
by-step reclamation and ecological restoration
measures, establish remote monitoring systems, and
scientifically evaluate the natural recovery potential of
degraded lands. Such an approach will contribute to
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enhancing the stability of landscape systems and
ensuring long-term ecological security in the region.
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