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Abstract. In Central Asia, land degradation is becoming a bigger problem,
particularly in agricultural areas that are susceptible to climate change and
irresponsible land usage. This study evaluates the ecological state of the
Surkhandarya Terrestrial Basin in Uzbekistan over the previous 20 years
(2000-2020) using remote sensing and GIS-based techniques. Land use and
land cover (LULC) changes, vegetation degradation, and ecological risk
zones were identified by analyzing multitemporal satellite photos from
Landsat 8 OLI and Sentinel-2 MSI. The findings indicate that natural
grasslands and woods have been mostly replaced by agricultural land, and
the number of dry and bare areas has grown, hastening land degradation.
The NDVI data's spatial analysis revealed a steady deterioration in the health
of the vegetation, particularly in the northern and eastern The vegetation
health gradually declined, particularly in the northern and eastern regions,
according to a spatial analysis of the NDVI data. High-risk areas were found
in the eastern and southern regions of the basin, where deforestation and
intensified agriculture have raised ecological vulnerability, according to an
ecological risk assessment. The results emphasize the critical necessity for
sustainable land management techniques, such as afforestation, effective
irrigation, and soil conservation techniques, as well as the use of remote
sensing for long-term environmental monitoring.

1 Introduction

In regions where environmental changes are happening quickly as a result of human activity
and climate change, remote sensing has emerged as a crucial instrument for evaluating
ecological conditions in a variety of landscapes [1]. Among the most delicate ecosystems are
agricultural landscapes, which need constant observation to guarantee food security and
sustainable land use. In southern Uzbekistan's Surkhandarya Terrestrial Basin (STB),
agriculture is essential to the indigenous population's means of subsistence and financial
security [2]. However, preserving ecological balance is severely hampered by the growth of
irrigated agriculture, soil deterioration, and growing water constraint. Policymakers and land
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managers can gain important insights from remote sensing, which offers an economical and
effective method of tracking changes in land cover, plant health, and soil conditions.

The necessity of environmental monitoring in agricultural areas is highlighted by studies
conducted throughout Central Asia. Due to over-irrigation, salinization, and deforestation,
the area has seen significant land degradation, which has reduced agricultural output [3]. Due
to soil erosion and moisture loss, more than 90,000 km2 of land in Kazakhstan have been
designated as degraded [4]. Over 50% of Turkmenistan's agriculture is severely salinized as
a result of excessive irrigation [5]. About 40% of Uzbekistan's cropland is affected by
desertification and soil degradation, which lowers production and increases reliance on
imported food. Studies using remote sensing have shown that the expansion of cropland in
Central Asia between 2000 and 2020 led to a 30% reduction in natural vegetation cover and
increased the risk of soil degradation.

In Uzbekistan, remote sensing has been frequently employed to evaluate plant health,
irrigation effectiveness, and changes in land use [6]. Although there are over 4.3 million
hectares of irrigated land in the nation, inefficient water use results in large losses [7]. Over
50% of agricultural land in the Aral Sea region is afflicted by moderate to high levels of
salinity, according to satellite-based studies that have shown concerning trends in soil
salinization. In the vicinity of the STB, natural vegetation loss has also been noted;
overgrazing and agricultural growth have caused pastures to shrink by roughly 15% over the
previous 20 years [8]. However, despite the widespread use of remote sensing in Uzbekistan,
localized ecological assessments of agricultural landscapes in the STB remain limited,
leaving important knowledge gaps in understanding the dynamics of land degradation in the
region [9].

The primary challenge in the Surkhandarya basin is the increasing pressure on land and
water resources resulting from the rapid expansion of agriculture. Although more than 80%
of total water consumption in the region is directed to irrigation, water use efficiency remains
low, with losses exceeding 40% due to aging irrigation infrastructure. Soil fertility is
declining at an alarming rate, with organic matter content in many croplands falling below
1.5%, increasing reliance on chemical fertilizers. Rising temperatures and erratic rainfall
patterns are further threatening agricultural productivity, with projections indicating a 10-15
percent reduction in crop yields by 2050 under current climate scenarios [10].

Considering all of the aforementioned, the purpose of this study is to use remote sensing
techniques to evaluate the ecological state of agricultural landscapes in the STB. In order to
detect patterns of deterioration and important risk locations, the study will examine changes
in land use, soil conditions, and plant health across time. The project aims to create an
evidence-based framework for sustainable land management using satellite images and GIS
analysis, which will support regional initiatives to prevent environmental degradation and
guarantee agricultural sustainability.

2 Materials and methods

One of Uzbekistan's most significant agricultural areas is the Surkhandarya land basin, which
spans an area of around 20,100 km2 (Figure 1). Over 60% of its 2.8 million inhabitants work
in agriculture and associated fields. However, preserving ecological balance is severely
hampered by the growth of irrigated agriculture, rising soil degradation, and dwindling water
supplies. With summer temperatures above 40°C and an average annual rainfall of 250-300
mm, the area is particularly vulnerable to drought and desertification.
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Fig. 1. Map of the study area.

Satellite imagery was acquired from multiple sources, including the Landsat 8
Operational Land Imager (OLI) and the Sentinel-2 MultiSpectral Instrument (MSI), covering
the period from 2000 to 2020. Landsat 8 provides imagery in the visible and fine infrared
bands with a spatial resolution of 30 meters. 10-meter resolution in the spectral bands
important for vegetation analysis. To ensure high temporal consistency, cloud-free composite
imagery with a temporal frequency of at least one image per season was selected for analysis
to account for seasonal changes in vegetation growth and land cover. Vegetation health and
land degradation were assessed using spectral indices derived from satellite data.

The density and strength of vegetation were evaluated using the Normalized Difference
Vegetation Index (NDVI), and agricultural regions were categorized as healthy, moderately
stressed, and degraded using the NDVI thresholds. Using training samples from high-
resolution satellite data and field observations, a supervised classification approach was used
to classify land use and land cover (LULC). Agriculture, water, open land, grassland,
woodland, wetland, and dry land were among the classified categories. Overall, the
aforementioned methodology also produced an ecological status risk map.

3 Results and discussion

A two-year (2000-2020) land use and land cover (LULC) analysis of the STB revealed
significant trends in agricultural expansion, vegetation change, and land degradation (Figure
2).
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Fig. 2. Land use and land cover (LULC) changes in the Surkhandarya Terrestrial Basin from 2000 to
2020.

Agricultural land was already widely distributed in 2000, particularly in the study area's
southern and central regions. Grasslands and other natural vegetation were gradually replaced
by farmed land. The agricultural footprint had grown somewhat by 2010 and continued to
grow in 2020, mostly occupying formerly wooded and grassland regions. This pattern points
to continued agricultural intensification, which is probably caused by rising food production
demands and increased irrigation. Although they have been declining over time, forested
areas have a comparatively consistent tendency. Certain forested areas in the northern region
seem to have been cleared for farming and deforestation between 2000 and 2020. Pastures
show a similar trend, with significant declines over time reflecting a gradual transition to
cropland.

In the southeast and southwest regions, drylands remain dominant, with little change over
the years. However, the presence of bare land and degraded areas appears to have increased
slightly, indicating soil erosion or desertification processes. Wetlands, although limited in
area, show a decline from 2000 to 2020, which may indicate a decreasing water supply or
increased land conversion. Water bodies appear relatively stable, with minor fluctuations that
may be related to seasonal changes or hydrological changes.

An analysis of land degradation in the STB from 2000 to 2020 revealed that degraded
areas are increasing, particularly in the northern and central regions of the study area (Figure
3).
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Fig. 3. Land degradation trends in the Surkhandarya Terrestrial Basin from 2000 to 2020.

Large green and blue regions indicated rather stable ecological conditions in 2000, and
the majority of the basin shown minimal levels of deterioration. The lower zones and
agricultural fields, where soil conditions and vegetation cover were maintained, were the
main locations of the non-degraded areas. Nonetheless, there were some minor indications
of deterioration in the northern region, where early soil damage was indicated by yellow and
orange areas. The degree of degradation had increased by 2010, with yellow and orange zones
growing considerably, particularly in the northern mountainous regions and transitional
agricultural lands. This pattern suggests that poor water management and unsustainable land
use practices are causing more soil erosion, vegetation loss, and possible salinization. While
most of the basin has remained relatively stable, moderate degradation has become more
evident, indicating the need for intervention measures to prevent further deterioration.

By 2020, the level of degradation had worsened significantly, as evidenced by the
widespread occurrence of yellow, orange and red zones, especially in the northern and
northeastern regions. The shift from green to yellow and orange indicates the loss of
vegetation cover, the decline in soil fertility and the increase in fertile land. These changes
are caused by prolonged agricultural activities, overgrazing, deforestation and waterlogging.
The progression of degradation over a 20-year period highlights the increasing ecological
pressures on the basin and the urgent need for sustainable land management and conservation
strategies to mitigate ecological damage.

Ecological risk assessment and vegetation degradation analysis provide a spatial
understanding of ecological threats affecting the STB (Figure 4).
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Fig. 4. Ecological risk assessment and vegetation degradation in the Surkhandarya Terrestrial Basin.

The left panel of the figure shows the state of ecological risk across the region, with a
network-based classification identifying areas with varying degrees of environmental
vulnerability. The presence of red markers representing high-risk zones is concentrated in the
southwestern and eastern parts of the basin, indicating areas experiencing significant
ecological stress. These arecas may be affected by intensive agriculture, deforestation,
overgrazing, and soil degradation. Moderate-risk zones are scattered throughout the basin,
primarily along the transition zones where human activities are intervening in natural
landscapes. In contrast, low-risk zones are primarily observed in the northwest and along the
central axis of the basin, where vegetation cover and ecological stability appear relatively
intact.

The right panel highlights the degree of vegetation degradation, providing information on
how ecological stressors have affected vegetation cover. Much of the basin remains intact,
indicating that significant parts of the region still retain healthy vegetation cover. However,
low to moderate levels of degradation are evident in various parts of the basin, particularly
in transitional landscapes where land use change has occurred. The northern highlands show
high levels of vegetation degradation, indicating severe ecological stress due to deforestation,
soil erosion, and climate change.

The study's findings show that over the past 20 years, the STB has experienced substantial
changes in land use and land cover (LULC), with a distinct pattern of agricultural expansion
at the expense of grasslands and natural vegetation. The observed decrease in vegetation
cover and the growing number of degraded lands, as shown by the geographical analysis of
ecological hazards, highlight the growing ecological stresses on the area. These alterations
are in line with more general patterns seen in Central Asia, where extensive land degradation
and decreased ecological stability have resulted from agricultural expansion, deforestation,
and unsustainable land management.

Particularly in the southern and central regions of the basin, agricultural land significantly
increased between 2000 and 2020, frequently displacing grasslands and wooded areas,
according to the LULC research. This pattern is similar to that seen in other parts of
Uzbekistan, where government policies encouraging agricultural development and growing
food demand have led to an expansion of irrigated cropland. But this growth has also
increased ecological fragility, decreased plant cover, and raised soil salinity. Research
conducted in the Aral Sea area has demonstrated that excessive irrigation and poor water
management have resulted in degraded soil and decreased land productivity. Concerns over
long-term sustainability and food security are raised by the rise in bare and dry land over
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time, which suggests that certain places have become desertified [7]. The degradation
analysis further confirms that land degradation has increased over the period under review,
particularly in the northern and northeastern regions. The shift from low to high levels of
degradation is consistent with known environmental stressors in the region, including
overgrazing, unsustainable farming practices, and reduced water availability. Similar
degradation patterns have been observed in Kazakhstan and Turkmenistan, where the decline
in vegetation is associated with soil erosion and declining groundwater levels [8]. Previous
remote sensing studies in Uzbekistan have shown that more than 50% of agricultural land in
arid regions is moderately to highly saline, leading to loss of productivity. The expansion of
degraded land in the STB indicates that these processes are accelerating, requiring urgent
intervention.

The ecological risk assessment has identified hotspots for environmental degradation,
with high-risk zones concentrated in the southwestern and eastern parts of the basin. These
areas coincide with areas of increased agricultural expansion, overgrazing, and deforestation.
Moderate-risk zones, scattered across transitional landscapes, indicate that environmental
pressures are gradually increasing in previously stable buffer zones [9]. Comparison with
vegetation degradation maps shows that ecological risk is strongly associated with vegetation
loss, reinforcing the need for proactive land conservation efforts. Similar studies in semi-arid
regions of Uzbekistan have shown that afforestation, sustainable irrigation practices, and soil
restoration techniques can effectively mitigate degradation trends.

The results of this study highlight the importance of remote sensing and GIS-based
approaches for land degradation monitoring, offering a scalable and cost-effective way to
track ecological changes over time. By combining multi-temporal satellite data, spectral
indices, and field surveys, this study provides a comprehensive assessment of degradation
patterns and ecological risks [10]. However, despite the advantages of remote sensing, there
are some limitations, including the difficulty in isolating specific drivers of degradation, the
need for high-resolution imagery for detailed analysis, and the reliance on field data for
accuracy verification. Future research should focus on machine learning techniques, soil
moisture analysis, and climate modeling to improve degradation assessment and prediction
capabilities.

4 Conclusions

According to the study's findings, the STB has experienced substantial changes in land cover
and usage during the previous 20 years, with increased soil degradation and a decrease in
native vegetation as a result of agricultural growth. The patterns show that farmland is
gradually replacing grasslands and woodlands, and the expansion of dry and barren areas is
a sign of growing ecological stress. These results align with more general regional trends in
Central Asia, where ecological degradation has been accelerated by climate variability and
unsustainable land use.

Land degradation is growing in impacted areas, particularly in the northern and eastern
regions where soil erosion and vegetation loss are rising, according to spatial analysis. The
ecological risk assessment also found high-risk areas in the basin's eastern and southwestern
regions, where deforestation, overgrazing, and agricultural intensification have put more
strain on the environment. These patterns demonstrate the necessity of enhancing land
management techniques in order to prevent additional environmental deterioration.
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