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Annotation. The article presents the results of a comprehensive assessment of soil
erosion processes in the Sangzar River basin using geoinformation systems and modern
empirical models. The study examines relief, soil cover, climatic parameters, vegetation,
and anthropogenic pressures influencing the intensity of erosion. A modified RUSLE model
integrated with remote sensing data and a digital elevation model was applied for quantitative
estimation. Spatial patterns of erosion development were identified, and high-risk areas were
delineated. Scientifically grounded measures for stabilizing soils and reducing degradation
intensity are proposed.
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Annotatsiya. Magolada Sangzorsoy havzasida tuproq eroziya jarayonlarini geoaxborot
tizimlari va zamonaviy empirik modellardan foydalangan holda kompleks baholash natijalari
keltirilgan. Tadgigotda relyef, tuprog qgoplami, iglim omillari, o'simlik goplami va eroziya
darajasiga ta'sir ko'rsatadigan antropogen bosimlar tahlil gilindi. Migdoriy baholash uchun
masofaviy zondlash ma'lumotlari va ragamli relyef modeli bilan integratsiyalangan RUSLE
modelining modifikatsiyasi go'llanildi. Eroziya jarayonlarining fazoviy gonuniyatlari aniglanib,
yuqori xavfli hududlar belgilandi. Tuprog bargarorligini oshirish va degradatsiyani kamaytirish
bo'yicha ilmiy asoslangan choralar taklif etilgan.

Kalit so‘zlar: tuproqg eroziyasi, Sangzorsoy, GIS, RUSLE modeli, LS omili, yer degradatsi-
vasi, NDVI, monitoring, ragamli relyef modeli (DEM), lossimon tuproglar, yaylov degradatsiyasi,
antropogen bosim, Yerning masofaviy zondlanishi (DzZ), R omili, K omili, iglim ekstremallari,
gidrologik ogim.

AHHoTauusa. B cTaTbe nNpefctaBneHbl pe3ynbTaThl KOMMMEKCHOWM OUEHKM MpOoLeCcCoB
no4yBeHHOM 23po3nk B 6GaccenHe CaHrzapcasg C MCMonb3oBaHWeM reonHGoPMaLLVMOHHbBIX
CUCTEM W COBPEMEHHbIX aMMMPUYECcKMX Moaenew. ViccneooBaHbl penbed, MOYBEHHbBIM MOKPOB,
KNMMaTUYeCcKMe MapaMeTPbl, PacTUTENbHOCTb W aAHTPOMOreHHble Harpysku, BAMAOUIME Ha
MHTEHCMBHOCTb 3PO3MOHHOIO CMbiBa. 19 KOMMUYECTBEHHOWM OLEHKM MpMMeHeHa Moamdu-
umMpoBaHHaa mooenb RUSLE, mHTerpmpoBaHHaa ¢ OaHHbIMKW OMCTaHUMOHHOMO 30HAMPOBaHUA
M undpoBoW Moaenbto penbeda. BbigBNeHbl MPOCTPaHCTBEHHbIE 3aKOHOMEPHOCTU Pa3BUTUA
SPO3MOHHbIX MPOLIECCOB W onpefeneHbl TeppUTopmMM MOBbLILLIEHHOIO PUCKa. [1peasioxkeHbl
Hay4YHO 0B6OCHOBaHHbIE Mepbl MO CTAabUAM3ALIMM MOUB U CHUKEHMIO MHTEHCUMBHOCTM Aerpagaumm.

Kno4yeBble crioBa: nodBeHHaa 2po3ung, CaHrzapcan, VIC, mogenb RUSLE, dakTtop LS,
aerpagauma semenb, NDVI, MoHUTOPUHE, undpoBad Mogenb penbeda (DEM), néccoble MoyBbl,
nacToMLLHaa gerpagaumsa, aHTPOMoreHHaa Harpyska, AMCTaHLUMOHHOEe 30HAMPOBaHME 3emMu
(033), dakTop R, dakTop K, KNMMaTnyecKkme aKCTpeMyMbl, TMAPONOMMYECKM M CTOK.

INTRODUCTION environmental and socio-economic
Land degradation in Central Asian threats due to the presence of vast
countries remains one of the major mountainous and foothill territories
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highly sensitive to erosion processes.
The Sangzar River basin, located on the
northern slopes of the Turkestan Range,
is among the most vulnerable areas. Its
natural conditions are characterized by

a highly dissected relief, pronounced
vertical zonation, strong contrasts
in  precipitation distribution, and an

extremely weak protective vegetation
cover across extensive slopes.

These  factors create  favorable
conditions for accelerated surface runoff,
active slope dissection, and degradation
of soil-vegetation cover, even under
moderate anthropogenic pressure. Soil
erosion in the Sangzar basin is driven by
the following key causes:

1. Degradation of vegetation cover
due to  historically intensive grazing,
early spring overuse of pastures, and the
absence of rotational grazing systems,
resulting in a steady decline in plant
biomass and ground cover [1,3]

2. Irrational land use, including
cultivation of slopes with medium and
high steepness, improper placement of
irrigation systems, and lack of contour
tillage [2,11,12]

3. Reduction in humus horizon
thickness, caused both by erosion and
rapid mineralization of organic matter
under arid climatic conditions [2]

4. Uneven spatial-temporal distribu-
tion of precipitation, with 70-80% of
annual moisture falling as short-term
high-intensity rainstorms [4]

5. Loess-like parent materials are
characterized by low structural stability and
high susceptibility to water erosion [8,11].

Climate change is further intensifying
the problem; rainstorms are becoming
more frequent, runoff energy increases,
and bare soil surfaces expand. Hydrological
changes confirm the strengthening of
erosion and the formation of new gullies
[2,4,0].

Modern GIS and remote sensing (RS)
technologies provide new opportunities
for detailed and objective analysis of
erosion dynamics [5,8]. Integration of DEM

data, NDVI, land-use maps, soil information,
and climatic indicators allows researchers
to:

- identify spatial patterns of erosion

- forecast degradation processes

- assess land resistance to external
impacts

- determine zones of critical risk

- develop scientifically grounded
restoration measures.
The empirical RUSLE model

combined with GIS is recognized as one
of the most reliable tools for regional
erosion  assessment. It incorporates
natural and anthropogenic factors such
as climate, slope characteristics, soil
properties, vegetation, and land
management practices [7,910].

Thus, the aim of this study is to
conduct a comprehensive evaluation
of soil erosion intensity in the Sangzar
River basin based on GIS technologies
and the RUSLE model, and to develop
scientifically grounded recommendations
for preventing further degradation of
pasture landscapes and restoring their
productive potential [4,5,9,10].

MATERIALS AND METHODS

A comprehensive methodological
approach was used, integrating spatial d
ata analysis, GIS technologies, remote
sensing, and empirical models for
guantitative erosion assessment. This
enabled a unified analytical system
for interpreting both natural and
anthropogenic factors affecting erosion.

Data Sources

1. Digital Elevation Model (DEM)

ALOS PALSAR DEM (125 m
resolution) was used to calculate slope,
aspect, watershed morphology, and the
LS factor. The elevated detail allowed the
identification of micro-relief forms and
potential runoff pathways.

2. Sentinel-2 satellite imagery (10 m)

Used for:

- NDVI calculation

- Monitoring vegetation dynamics

- Seasonal pasture degradation
assessment
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- Land-cover classification.

3. Soil map (1:100,000)

Used to determine soil types, texture,
humus depth, and natural erodibility. These
data were used for K-factor calculations.

4. Meteorological data (2010-2024)

Data from Bakhmal and Gallaorol
stations were used to calculate the R-factor
and analyze rainfall anomalies. The EI30
methodology was applied for storm
intensity estimation.

5. Land-use map CORINE-UZ (2023)

Used to classify land categories and
assign P-factor values.

6. Geological and agrochemical data

Used to calibrate K and LS factors
and identify erosion-sensitive areas.

RUSLE Model

The quantitative assessment of
erosion was performed using the Revised
Universal Soil Loss Equation:

A=RXKXLSXCXP

Where:

- A— annual soil loss (t/ha/year)

- R—rainfall erosivity

- K— soil erodibility

- LS — slope length and steepness

- C— vegetation cover factor

- P —land-management factor

R-factor

Calculatedusing modified Wischmeier
& Smith and EI30 methodologies.

K-factor

Based on soil texture, humus content,
carbonate level, and aggregate stability
(0.32-0.41 for loess soils).

LS-factor

Computed using the Desmet & Govers
algorithm based on:

- D8 flow routing

- flow accumulation

- slope gradient

- slope length.

Maximum LS values reached 28-31.

C-factor

Calculated using an
exponential model:

NDVI-based

a-NDVI

B — NDVI
Values ranged from 0.12 (dense

vegetation) to 0.70 (bare soil).

C=exp(—

P-factor

Highest values (0.9-1.0) correspond
to degraded ungrazed or unmanaged
pastures.

Results and Discussion

The obtained results demonstrate
a complex and spatially heterogeneous
pattern of erosion processes in the
Sangzar basin. Morphometric parameters,

vegetation degradation, soil properties,
and grazing pressure collectively
determine erosion intensity.

Key findings:

- Slopes  exceeding 15-20° and

lengths > 150-200 m generate strong
surface runoff

- Southern and southwestern aspects
dry out rapidly and lose vegetation cover

- NDVI < 0.15-0.20 indicates severe
pasture degradation

- Loess soils exhibit high erodibility
and structural instability

- Overgrazing remains the dominant
anthropogenic driver of erosion

- LS > 20, NDVI < 0.2, K = 0.32-0.41,
and P = 0.9-1.0 form critical degradation
hotspots.

Conclusion

The Sangzar River basin is classified
as a territory with high and very high
erosion risk, where natural geomorpholo-
gical conditions and intensive anthropo-
genic impacts jointly accelerate degra-

dation  processes. GlS-based RUSLE
modelling revealed that approximately
43% of the basin area is subjected

to severe and extremely severe soil
loss, predominantly concentrated on
steep loess slopes with weak structural
stability. Due to the fine-silty texture, low
aggregate durability and high susceptibi-
lity to dispersion, loess-derived soils
demonstrate the highest erodibility,
especially when the protective vegetation
cover is reduced.

Seasonally variable NDVI values
show a persistent decline in vegetation
density during summer and early
autumn, which coincides with the period
of intensive livestock grazing. The
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degradation of pasture biomass reduces
the C-factor to critical values, amplifying
the erosive effect even of moderate
precipitation. In combination with steep
slopes (LS > 20) and high soil erodibility
(K= 032-041), the Dbasin's geo-
morphic structure forms an environment

extremely  sensitive  to  hydrological
fluctuations.
Climatic instability further

aggravates the situation. A clear increase
in the frequency and magnitude of high-
intensity rainfall events, associated with
regional climate change, enhances runoff
energy and accelerates the formation
of rills, gullies, and sheet erosion.
Hydrometeorological data indicate that
up to 70-80% of annual precipitation
may fall during short, high-intensity
storm events, which the degraded terrain
is unable to buffer.

These conditions collectively create
a self-reinforcing degradation  cycle,
where vegetation loss leads to increased
runoff, which in turn intensifies erosion,
further suppressing vegetation recovery.
If left unaddressed, this process may
result in irreversible loss of fertile topsoil,
reduced pasture productivity, expansion
of barren lands, and destabilization of local
hydrological systems.

Given the severity of the erosion
hazard, the basin requires comprehen-
sive, integrative mitigation strategies
aimed at landscape stabilization, pasture
rehabilitation, slope  protection, and
sustainable land-use transformation. Key
priorities include:

- Restoration of vegetation cover
and reintroduction of rotational grazing
systems

- Implementation of engineering
mMeasures such as micro-terracing, contour
barriers, and Flow-dissipating structures;

- Application of organic and mineral
amendments to improve soil structure
and aggregate stability;

- Development of a continuous GIS-
based monitoring system using seasonal
NDVI, DEM updates, and erosion-risk

mapping;

- Adoption of climate-adaptive land
management policies to buffer the impact
of high-intensity rainfall events.

These coordinated actions are
essential to prevent further soil loss,
maintain ecological resilience, and secure
the long-term productivity of the Sangzar
River basin.

Recommendations

1. Engineering and Agrotechnical
Measures

A comprehensive set of structural
and agrotechnical interventions is required
to stabilize slopes, reduce runoff velocity,
and prevent further expansion of erosion-
affected zones.

- Construction of micro-terraces
on slopes steeper than 10-12°

Micro-terraces redistribute surface
runoff, reduce slope length, and promote
gradual sediment deposition.  Their
effectiveness is particularly high on loess-
derived soils susceptible to sheet and rill
erosion.

- Installation of contour
and transverse furrows

These measures interrupt the down-
slope flow of water, decrease the hydraulic
energy of runoff, and enhance infiltration
capacity, which is essential in arid and
semi-arid landscapes.

- Establishment of vegetative
filter strips on watershed divides and
upper slope positions.

Such strips trap fine sediments,
reduce sediment vyield, and act as ecolo-
gical buffers preventing slope-channel
connectivity.

- Bioengineering stabilization of
small channels and ephemeral streams

Use of fascines, brush layering, woven
barriers, and  geocellular  structures
reduces channel incision and bank
collapse, which are common in rapidly
eroding loess environments.

- Formation of surface runoff
drainage and dispersion systems
Properly designed diversion channels

runoff collectors redirect excess

ridges

and
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stormwater, decreasing the erosive force
acting on fragile slopes. Together, these
measures form a multi-level protection
system that reduces peak runoff and
minimizes slope instability.

2. Restoration and Sustainable
Management of Pastures

Pasture rehabilitation is a central
requirement to rebuild the protective
vegetation cover, without which erosion
control is impossible.

- Adoption of rotational grazing
systems

Controlled grazing intervals stimulate
vegetation regeneration, improve root
development, and reduce trampling
pressure.

- Reduction of grazing intensity by
35-50%

Scientific  evidence shows that
moderate to low stocking density
significantly increases NDVI and vegetation
resilience in semi-arid rangelands.

- Temporary exclusion of severely
degraded plots (“resting patches”)

These zones act as nuclei for vegeta-
tion recovery, allowing natural succession
to rebuild topsoil structure.

- Sowing drought-
resistant forage species

Such plants as Agropyron deserto-
rum, Festuca valesiaca, Bromus inermis,
and Onobrychis arenaria establish deep
root systems and enhance soil cohesion.

- Implementation of pasture-
load regulators and controlled herd
movement

This  prevents concentration  of
grazing pressure near water sources and
slopes, promoting more uniform utilization
of pastures.

Effective pasture restoration improves
the C-factor of the RUSLE model, lowering
erosion risk by 30-40% over several years.

3. Agrochemical Rehabilitation of
Degraded Soils

Rebuilding soil fertility and aggregate
stability is essential for restoring erosion
resistance.

- Application of 8-12 t/ha of organic

and erosion-

matter (manure, compost, biocarbon)

Organicamendmentsincrease aggregate
stability, enhance humus content,
improve water retention, and reduce soil
detachability.

- Phosphorus fertilizers (45-60 kg/
ha szs)

Phosphorus stimulates root growth,
helping plants anchor the soil and
accelerate pasture regeneration.

- Potassium fertilizers (60-90 kg/ha
K20)

Potassium strengthens plant tissues,
increases drought tolerance, and promotes
dense vegetation cover—key for erosion
protection.

-Use of green manure crops
(sideration)
Leguminous green manures

like lupine and rapeseed accumulate
biomass, improve nutrient cycling, and
rebuild the humus horizon.

Combined agrochemical measures
restore the structural integrity of loess soils
and significantly reduce the K-factor (soil
erodibility).

4. GIS Monitoring and Digital Land
Management

Long-term erosion control requires
continuous monitoring supported by
geospatial technologies.

- Annual NDVI monitoring using
multi-seasonal Sentinel-2 imagery

Allows  real-time  detection  of
degradation hotspots, grazing impacts,
and vegetation recovery dynamics.

- Updating the DEM (Digital
Elevation Model) every 3 years

Ensures accurate modeling of slope
geometry, channel development, and
surface runoff pathways.

- Risk-based erosion zoning maps

These maps classify the basin into
categories of erosion hazard, enabling

targeted interventions and resource
prioritization.
- Development of an integrated

GIS platform for pasture management
Such a system supports decision-
making by combining data on grazing

342



TUPROQSHUNOSLIKDA GAT

TEXNOLOGIYALARI

pressure, vegetation biomass, soil
condition, and hydrological risks.
- Mobile applications for field

diagnostics and geo-tagged monitoring
Field users can instantly record new
erosion forms, track pasture degradation,

and feed information into the main GIS
database.

This digital management framework
allows authorities to transition from
reactive to proactive erosion prevention
strategies.
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