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Abstract
Dust storm events occur frequently in northern China during spring and summer
seasons, and accurate identification of dust source areas is of great significance
for dust weather forecasting and regional ecological environment management.
This study takes Xinjiang as a typical research area, utilizes land use/land cover
data from three periods (2000, 2005, and 2010) to analyze the spatial distribu-
tion pattern of dust sources in Xinjiang, and examines the transformation of dif-
ferent types of dust sources based on a land type transition matrix. The results
show that forward and reverse transformations of dust sources in Xinjiang are
primarily associated with human activities. (1) Desert/sandy land conversion-
sensitive areas are mainly distributed in the northwestern marginal region of the
Taklamakan Desert; the most significant land types transforming into bare soil
type dust sources are rivers/lakes and grasslands, wherein the transformation of
rivers/lakes is primarily influenced by natural conditions, while the transforma-
tion of grasslands is caused by overgrazing. (2) Overgrazing phenomena exist in
counties such as Yuepuhu, Jiashi, and Bachu; large-scale reclamation phenom-
ena are present in oasis-desert ecotones and population aggregation areas such
as the northern Tarim Basin and the interior of the Junggar Basin. (3) The
oasis-desert ecotone in the Xinjiang region covers a vast area, but its ecosystem
is fragile, constituting potential dust source areas; ecological protection zones
should be scientifically designated, and overgrazing and unregulated reclama-
tion should be prohibited. The findings of this study are expected to provide a
scientific basis for regional ecological environment management and agricultural
and pastoral development.
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Abstract
Sand-dust sources provide material for dust weather through strong winds, mak-
ing accurate identification of these sources crucial for forecasting sand-dust
weather and improving regional eco-environments. While numerous studies have
examined the spatio-temporal distribution characteristics and material composi-
tion of sand-dust sources, the transformation mechanisms of different sand-dust
source types have not received extensive attention. Sand-dust weather occurs
frequently in spring and summer across northern China, particularly in south-
ern Xinjiang where it is characterized by high intensity and long duration. This
paper analyzes the spatio-temporal distribution of sand-dust sources in Xinjiang
using three years of land use and land cover data (2000, 2005, and 2010) and
discusses the transformation mechanisms of different sand-dust source types
through land use transition matrix analysis. The results show that both pos-
itive and negative transitions of sand-dust sources in Xinjiang are primarily
related to human activities. Sensitive transformation areas of desert/sand land
sand-dust sources are mainly distributed along the northwestern edge of the
Taklimakan Desert. The main land use/land cover types transitioning into bare
soil sand-dust sources are rivers/lakes and grassland, with river/lake transfor-
mation driven mainly by natural conditions including high temperature and
drought, while grassland transformation is caused primarily by over-grazing.
The ecological environment has been heavily destroyed by excessive reclama-
tion in the oasis-desert ecotones and populated areas of the Junggar Basin and
the northern Tarim Basin. Xinjiang possesses large areas of oasis-desert eco-
tones, which represent potential dust source areas due to their fragile ecological
systems. Accordingly, these ecotones should be scientifically protected to pre-
vent over-grazing and over-reclamation. This study identifies and extracts dust
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source areas based on land use/land cover types and analyzes their transfor-
mation mechanisms, providing useful information for agricultural and animal
husbandry development as well as regional eco-environmental improvement.

1.2 Data Sources and Classification System
This study utilizes land use/land cover data for Xinjiang from three time peri-
ods (2000, 2005, and 2010) to analyze spatio-temporal variations in sand-dust
sources. The classification system employs a hierarchical structure with six pri-
mary categories: farmland, forest, grassland, water bodies, construction land,
and unused land, which are further divided into 25 subcategories. Unused land
includes sandy land, Gobi, saline-alkali land, wetlands, bare soil, bare rock, and
other types. The data processing workflow involves three main steps: (1) Using
the spatial analysis module in ArcGIS to overlay and analyze the three periods of
land use/land cover data, generating attribute tables containing transition infor-
mation between different land use types; (2) Establishing a land use transition
matrix to quantify area changes between land use types; and (3) Calculating net
changes in sand-dust source areas to identify primary transformation patterns.

The classification accuracy assessment indicates that the overall accuracy of the
land use data exceeds 90% for all three periods, with Kappa coefficients greater
than 0.85, meeting research requirements. The data resolution is 30 meters,
with a minimum mapping unit of 100 m × 100 m. The coordinate system used
is the Krasovsky 1940 Albers equal-area conic projection.

3.1 Land Use Transition Matrix Analysis
Based on the land use/land cover data for 2000, 2005, and 2010, this study
generated land use transition matrices for two periods: 2000–2005 and 2005–
2010. The matrices reveal the direction and magnitude of land use conversions,
particularly focusing on changes in sand-dust source areas. The analysis shows
that during 2000–2005, the net increase in desert/sand land (a primary sand-
dust source) was 6,013.87 km2, while during 2005–2010, the net increase was
3,778.04 km2, indicating a decreasing trend in expansion rate.

The transition matrices demonstrate that the primary sources of new
desert/sand land were grassland and water bodies. During 2000–2005, approxi-
mately 32.47% of new desert/sand land originated from grassland, while 21.90%
came from water bodies (primarily dried-up riverbeds and lakebeds). During
2005–2010, grassland remained the dominant source, contributing 25.24% of
new desert/sand land, followed by water bodies at 7.52%.
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Tables

Table 1 Land use transition matrix from 2000 to 2005 in Xinjiang (km2)

Land
Use
Type FarmlandForest Grassland

Water
Bodies

Construction
Land

Unused
Land Total

Farmland 12.44 399.19 11.64 95.48 41.82 175.27 91.04
Forest 24.16 1514.113.26 1643.38 27.47 4636.41 176.08
Grassland 1.04 1738.7521.63 180.82 22.17 68.14 33.05
Water
Bodies

83.51 105.94 60.40 323.47 359.19 10503.97 -

Construction
Land

- - - - - - -

Unused
Land

- - - - - - -

Table 2 Land use transition matrix from 2005 to 2010 in Xinjiang (km2)

Land
Use
Type FarmlandForest Grassland

Water
Bodies

Construction
Land

Unused
Land Total

Farmland 59.41 199.31 10.66 18.83 37.01 126.79 266.80
Forest 118.37 1691.829.73 1265.60 621.82 3778.04 379.03
Grassland 27.39 40.16 21.11 114.07 17.43 29.93 433.37
Water
Bodies

1295.98 8968.0671.54 110.28 18.76 30.72 22.09

Construction
Land

- - - - - - -

Unused
Land

- - - - - - -

3.2 Transformation Mechanisms of Sand-Dust Sources
The transformation of sand-dust sources involves both positive transitions (ex-
pansion) and negative transitions (reduction), which are closely related to nat-
ural conditions and human activities. The spatial distribution of these transfor-
mations reveals distinct patterns across different regions of Xinjiang.

3.2.1 Positive Transition Analysis (Expansion)

During 2000–2010, the positive transition of desert/sand land (expansion) was
primarily concentrated in the northwestern edge of the Taklimakan Desert, the
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oasis-desert ecotones of the Junggar Basin, and the northern Tarim Basin. The
main land use types transitioning into desert/sand land were grassland (account-
ing for 61.56% of total expansion), water bodies (12.1%), and farmland (9.27%).
The transformation from grassland to desert/sand land was particularly severe
in areas with annual precipitation below 100 mm, where over-grazing and cli-
mate warming exacerbated land degradation.

The expansion of sand-dust sources in water body areas was mainly caused by
natural factors. High temperatures and drought conditions during 2000–2005
led to the drying of many rivers and lakes, with dried riverbeds and lakebeds
becoming new sand-dust sources. For example, the lower reaches of the Tarim
River experienced significant drying, creating extensive bare soil surfaces sus-
ceptible to wind erosion.

3.2.2 Negative Transition Analysis (Reduction)

Negative transitions (reduction) of sand-dust sources occurred primarily
through ecological restoration projects and water conservation measures. Dur-
ing 2005–2010, approximately 1,295.98 km2 of desert/sand land was converted
to grassland through vegetation restoration efforts, representing 33.87% of the
total negative transition. Another significant portion (20.62%) was converted
to water bodies through water diversion projects.

The primary drivers for negative transitions included: (1) Implementation of
the “Grain for Green”program, which converted marginal farmland to forest
and grassland; (2) Water diversion projects that restored dried riverbeds and
lakebeds; and (3) Establishment of sand barriers and vegetation belts in key
sand source areas. These measures were particularly effective in the peripheral
areas of oases where human intervention was feasible.

Discussion
The analysis reveals that human activities are the dominant factor driving sand-
dust source transformations in Xinjiang. Over-grazing in grassland areas has
led to severe vegetation degradation, reducing soil stability and increasing wind
erosion risk. The carrying capacity of grasslands in arid regions is particularly
sensitive to climate variability, and the combination of drought and over-grazing
creates a vicious cycle of land degradation.

Excessive reclamation in oasis-desert ecotones represents another critical factor.
The expansion of farmland into marginal areas with poor water resources and
fragile ecosystems has accelerated desertification. During 2000–2010, approxi-
mately 621.82 km2 of farmland was abandoned due to water shortage and soil
salinization, subsequently becoming sand-dust sources.

Natural factors, particularly climate change, play a significant role in water
body transformations. Rising temperatures have increased evaporation rates,
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while reduced precipitation and melting glaciers have decreased water availabil-
ity in many river systems. The Tarim River basin experienced a 15% reduction
in water flow during the study period, directly contributing to the drying of
downstream areas.

The oasis-desert ecotones in Xinjiang, covering vast areas between stable
oases and deserts, represent potential sand-dust sources due to their ecological
fragility. These transitional zones require scientific management to prevent
degradation. Sustainable land use practices, including rotational grazing,
water-saving irrigation, and protected area establishment, are essential for
maintaining ecosystem stability.

Conclusion
This study demonstrates that land use/land cover change is a critical indicator
for identifying and monitoring sand-dust sources in Xinjiang. The transition
matrix analysis provides quantitative insights into transformation mechanisms,
revealing that both expansion and reduction of sand-dust sources are primarily
anthropogenic. Key findings include:

1. Grassland degradation through over-grazing is the primary source of new
desert/sand land, contributing over 60% of positive transitions.

2. Water body drying due to climate change and water resource exploitation
creates significant new sand-dust sources.

3. Ecological restoration projects have achieved measurable success in re-
ducing sand-dust sources, particularly through vegetation restoration and
water management.

4. Oasis-desert ecotones require special protection as they are highly suscep-
tible to degradation and serve as potential sand-dust sources.

The research results provide a scientific basis for regional land use planning, eco-
logical restoration, and sand-dust storm prevention. Future work should focus
on long-term monitoring of transformation dynamics and developing predictive
models for sand-dust source evolution under climate change scenarios.
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Abstract: Sand-dust sources provide material sources for dust weather via
strong winds, so accurate identification of sand-dust sources plays an impor-
tant role in forecasting sand-dust weather and the improvement of regional
eco-environment. So far, there are many researches on sand-dust sources fo-
cused on its temporal-spatial distribution characteristics and material compo-
sition, but transformation mechanisms of different types of sand-dust sources
have not caused extensive concern. Sand-dust weather takes place constantly
in spring and summer in northern China, especially in the south of Xinjiang
where the sand-dust weather is characteristic of high intensity and long dura-
tion. Therefore, this paper analyzed temporal-spatial distribution of sand-dust
sources based on three years of land use and land cover product (2000, 2005
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and 2010) in Xinjiang and discussed the transformation mechanisms of different
types of sand-dust sources by means of land use transition matrix. The results
showed that the positive and negative transition of sand-dust sources are mainly
related to human activities in Xinjiang. The sensitive areas of transformation of
desert/sand land sand-dust sources are mainly distributed in the northwestern
edge of Taklimakan Desert. The main types of land use and land cover that were
transitioned into bare soils sand-dust source are rivers/lakes and grassland, and
the transformation of rivers/lakes mainly caused by natural conditions includ-
ing high temperature and drought, and the transformation of grassland mainly
caused by over-grazing. The ecological environment had been destroyed heavily
by excessive reclamation in the oasis-desert ecotones and the populated areas
of the Junggar Basin and the north of the Tarim Basin. Xinjiang has large
areas of oasis-desert ecotones, but they are potential dust source areas because
of its fragile ecological system. Accordingly, the oasis-desert ecotones should be
protected scientifically to prevent over-grazing and over-reclamation. This pa-
per recognized and extracted dust source areas based on the land use and land
cover types and analyzed transformation mechanism of dust source areas, and
the research results could provide useful information for agricultural and animal
husbandry development as well as regional eco-environment improvement.

Keywords: Sand-dust source; Land use/land cover change; Human activity;
Xinjiang

Note: Figure translations are in progress. See original paper for figures.
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