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Abstract: Dust emission is a common catastrophic weather phenomenon in Northern China. This
phenomenon not only causes environmental problems, such as air pollution, but also has an important
impact on the global dust cycle and climate change. On the basis of the dust weather observation data
of 44 surface meteorological stations in the Tarim Basin from 1989 to 2021, combined with the dust
aerosol optical depth (DAOD), dust surface mass concentration (DUSMASS) and wind speed data,
this paper analyses the spatial and temporal dust weather characteristics in the Tarim Basin over the
past 33 years. Results show that the frequency of dust weather in the Tarim Basin has declined in the
past 33 years. Dust weather mainly consisted of floating dust, followed by blowing dust and dust
storm. This weather had a significant seasonal change, with more dust in spring and summer and less
in autumn and winter. The dust weather was mainly distributed along the south edge of the Tarim
Basin and the desert hinterland of Tazhong. The spatial distribution of the dust intensity (DI) index
was basically consistent with the dust weather days. Moreover, the DAOD was obviously affected by
dust weather and had a significant positive correlation with the number of dust weather days and the
DI, suggesting the vertical concentration of dust particles to a certain extent. Wind is also one of the
most important factors affecting the release of dust. The frequency of strong wind weather decreases
from the northeast to the southwest, which corresponds to the distribution of the DUSMASS.

Keywords: dust weather; dust intensity index; dust aerosol optical depth; dust surface mass concentration;
wind conditions

1. Introduction

Dust weather is a special type of disastrous weather in arid and semi-arid areas. Under
specific conditions of underlying surface, large-scale circulation, and weather system, a
weather phenomenon with a strong destructive force is formed due to the interaction of
wind and dust of a certain intensity [1]. In terms of formation mechanism, occurrence
intensity and damage degree, this natural disaster weather can be divided into three
categories: blowing dust, floating dust and dust storm [2]. Dust weather is characterised
by a high degree of harm, a wide range of influence and a large dangerous process. In
particular, strong dust storms not only have a huge impact on people’s productivity and
daily lives and the ecological environment, but also accelerate desertification through
sand burial and blowing [3,4]. As a global ecological and environmental problem, the
dust aerosols produced by dust weather have a serious impact on air quality and human
health [5,6]. The radiation effect of dust particles plays a significant part in changing the
energy balance of the earth, affecting the local weather and even the global climate [7,8].
The global dust sources are widely distributed, mainly in arid and semi-arid areas, and
convey a large amount of dust to the atmosphere. In arid areas with a dry climate, the
surface soil is loose and the vegetation is sparse, providing a rich material basis for dust
formation [9]. Asian dust mainly comes from Northwest China and the deserts of Mongolia.
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As a region with frequent dust weather, its production is the largest in spring [10]. Asian
dust is one of the most important sources of global dust emissions. The large amount of
dust entrained from the deserts in Western China not only affects the interior of China
but can also be transported thousands of kilometres away [11–13]. The research on dust
weather includes climate change, aerosol monitoring, PM and so on; these topics have
been studied for a long time here in China and abroad. Zheng et al. [14] analysed the
variation characteristics of dust weather and aerosol by using surface meteorological
observation data from Xiaotang and Tazhong Stations in the Taklimakan Desert from
1994 to 2016 and found that the frequency of dust aerosol presence and dust weather
presented a linear function relationship. Tan et al. [15] used the WRF Chem model to
study the influence of dust aerosols on the heat exchange of the ground air system during
the occurrence of dust storms. It was found that the existence of dust aerosols would
affect surface net radiation and further influence other components of surface air energy
exchange. Gao and Washington [16] used the aerosol index (AI) to analysis the dust in the
Tarim Basin, and found that the dust emission in the Tarim Basin was uneven, which was
related to the accumulation of a large number of fine sandy sediments in hot spots and
the transport path of dust controlled by topography. With the deepening of research, the
dust weather monitoring methods include not only traditional ground observation but also
multi-source satellite monitoring. Satellite remote sensing technology uses the spectral
radiation characteristics of atmospheric particles and their relative differences with other
environmental factors to extract dust information from the atmosphere, compensating for
the lack of monitoring data on the occurrence, transmission and intensity change of dust in
ground observation. Such a technology has been widely used [17–19].

In recent years, the frequency of dust weather in northern China has shown an overall
downward trend, but in some years, the number of days of local strong dust storms and
extremely strong dust storms increased [20,21]. In March 2021, two extremely strong dust
storms triggered jointly by an abnormal strong Mongolian cyclone and the surface cold
high pressure system affected most regions of China [22,23]. Dust weather is closely related
to the adjustment of large-scale circulation and the outbreak of cold air. There is a great
difference between the circulation background in the years with more dust weather and
the years with less dust weather [24]. Chen et al. [25] analysed the temporal and spatial
variation characteristics of dust weather in the Qaidam Basin and its influencing factors and
found that the number of dust days was positively correlated with atmospheric pressure,
number of gale days and area and intensity of the polar vortex in Asia. Under the influence
of various environmental factors, the occurrence of dust has obvious seasonal and spatial
changes. Yang et al. [26] studied the influence of summer precipitation in sensitive dust
source areas on the trend of dust weather in Northern China in the spring of the next year
and, on this basis, established a multi factor objective prediction model for the trend of
dust weather in spring. Extreme wind speed mostly occurs before or after the beginning of
rainfall, resulting in strong dust emissions. The highest dust concentration is from May to
June, with the strongest wind speed and the lowest vegetation coverage [27]. From 1971
to 1996, Minqin and Hotan were the centres of high incidence of dust storms in Northern
China [28]. From 2000 to 2006, dust storms frequently occurred at the southern edge of the
Southern Xinjiang Basin and in North China [29]. It can be seen that the area where dust
weather occurs is not fixed, and varies in different regions in different periods.

Xinjiang has a fragile ecological environment and strong wind sand activities. It is one
of China’s regions with severe dust storm disasters [30]. As the largest and second largest
mobile desert in China and in the world, respectively, the Taklimakan Desert in Southern
Xinjiang is an area with an extremely sensitive response to climate change in inland arid
areas and one of the main origins of dust [31]. Approximately 32% of the dust in Asia
originates from the Taklimakan Desert, and the frequency of dust weather in the Tarim
Basin is high. In many regions, the number of annual dust weather days exceeds 100 days,
and even more than 200 days in some parts of Hotan [32]. The intensity, frequency and
duration of dust weather transit significantly affect the air quality in terms of pollution
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level and the social and economic development and face challenges from many ecological
and environmental problems. Therefore, ground observation and remote sensing data must
be combined to study the dust weather in the Tarim Basin to further analyse the regional
characteristics of dust.

This paper uses dust weather observations from 44 ground-based meteorological
stations in the Tarim Basin from 1989 to 2021 including dust aerosol optical depth (DAOD),
dust surface mass concentration (DUSMASS) and wind speed data to investigate the
characteristics of the dust weather in the Tarim Basin over the past 33 years and achieve
the following objectives: (1) to investigate the frequency and intensity of dust weather
occurrence in the Tarim Basin and its spatial and temporal distribution characteristics, (2) to
reveal the impact of dust weather on atmospheric particulate matter, (3) to elucidate the
relationship between wind and dust.

2. Study Area

Tarim Basin (Figure 1) is located in southern Xinjiang, China and is the largest inland
basin in China. This basin has a warm temperate climate. Precipitation in the basin is rare,
and evaporation is large. The annual precipitation in the surrounding mountains reaches
200–400 mm. The northeast and northwest winds are dominant. The vegetation coverage
is low, and basically no vegetation exists in the desert centre. The landform of the Tarim
Basin is distributed in a ring shape between the Tianshan, Kunlun and Altun Mountains,
and the terrain is high in the west and low in the east. The edge is formed by Gobi gravel
connected with mountains, and the centre is a vast desert. Alluvial fans and plains exist
between the edge and the desert, and oases are distributed. The Taklimakan Desert, the
second largest mobile desert in the world, accounts for 26% of the total area of desert in
China. The area of mobile dunes accounts for a large proportion, and the shape of dunes
is complex.
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3. Data and Methods
3.1. Dust Weather Observation Data

The daily dust observation data of 44 surface meteorological stations (See the appendix
Table A1 for station information) in the Tarim Basin from 1989 to 2021 (data of Tazhong
Station since 1999) were selected for this study and provided by the Xinjiang Meteorological
Bureau. Floating dust, blowing dust and dust storms are classified according to the ground
meteorological observation standard, namely, visibility < 10 km, 1 km < visibility < 10 km,
and visibility < 1 km. The number of dust days mentioned in this article is not the sum
of the three kinds of dust weather days. Dust weather is a general term for floating dust,
blowing dust and dust storms. Taking floating dust weather as an example, if floating dust
occurs at a station within one day, the frequency of floating dust occurrence is recorded
as once. The statistical methods for dust storm and blowing dust weather are similar. If
blowing dust, dust storm and floating dust occur at the same station on the same day
during the statistics, the station will be recorded as having one dust day.

3.2. Assimilation Data

MERRA-2 is a new generation of Modern Era Retrospective Analysis for Research and
Applications for the reanalysis of data sets developed by NASA using the GEOS- 5.12.4
system [33,34]. The assimilation system considers the AOD data from various satellites
(i.e., AVHRR, MISR, MODIS and AERONET) and ground observations. The DAOD and
DUSMASS (µg·m−3) data from 1989 to 2021 are used in this paper, with a spatial resolution
of 0.5◦ × 0.625◦ and a temporal resolution of monthly.

The ERA5 reanalysis data are the latest generation assimilation data of the Euro-
pean Centre for Medium and Long-Term Weather Forecasting (https://www.ecmwf.int/,
accessed on 20 June 2022) and has higher applicability and accuracy than the previous
generation of assimilation data, ERA Intermediate [35]. In this paper, the ERA5 wind speed
data (1989–2021) with a temporal resolution of 1 h at a height of 10 m is used to calculate
the wind speed indicators.

3.3. Dust Intensity Index

The definition by Wang et al. (2005) is used to calculate the dust intensity (DI) index:

DI = FD + BD × 3 + DS × 9,

where FD is the number of floating dust days, BD is the number of blowing dust days, and
DS is the number of dust storm days.

4. Results and Analysis
4.1. Temporal and Spatial Distribution Characteristics of Dust Weather
4.1.1. Time Variation in Dust Weather Frequency

Figure 2 shows that the number of days of dust weather in the Tarim Basin from
1989 to 2021 did not significantly decrease, although floating dust, blowing dust and dust
storm did show a downward trend. This result is consistent with the trend of dust weather
changes in China in recent years [20,36], but the reduction degree of different dust weather
types is different. The dust weather in the Tarim Basin is dominated by floating dust,
followed by blowing dust and dust storm. The change trend of floating dust and dust
weather days is basically consistent. From 1989 to 2012, the number of dust weather days
showed a decreasing trend, with a reduction rate of 0.84 ·a−1. The lowest number of dust
weather days in 2012 was 41 days. Thereafter, there was a fluctuating upward trend, with a
rate of 3.87 ·a−1. Figure 3 shows that the number of dust weather days changes obviously
in several months, showing a single-peak trend that first increases and then decreases. The
dust weather is concentrated from March to July, and dust weather occurs most frequently
in April and May, with 10 and 9 days, respectively. There are few days of dust weather
in winter, and the lowest is in December (1 days). Floating dust occurs every month,

https://www.ecmwf.int/
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and dust storms are mostly concentrated in spring and summer, rarely in autumn and
winter, especially in winter. This is due to the melting of snow in spring, low vegetation
coverage and low precipitation, as well as the dry and loose soil surface, which directly
provides a favourable material source for the occurrence of dust. In addition, frequent
strong northwest wind cyclones in spring and unstable atmospheric stratification provide
favourable dynamic conditions for the occurrence of dust weather [21,37].
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4.1.2. Spatial Distribution of Dust Weather Days

The annual number of dust days in the entire Tarim basin is 60 days, including 52 days
for floating dust, 21 days for blowing dust and 5 days for dust storm. Figure 4 shows
that the number of days of dust weather is relatively high, mainly in Pishan, Hotan, Cele,
Minfeng and Tazhong. The days of dust weather exceed 125 days, and the maximum
is 156 days (in Minfeng). The loose soil on the surface of the Taklimakan Desert, as the
material base, can easily produce dust weather [38,39]. The number of dust days in Shache,
Luopu, Qiemo and Yutian is 100–125 days. The high value areas of these dust weather days
are mainly distributed in the southern margin of the Tarim Basin and the stations in the
hinterland of the desert. The area in the north near the southern foot of Tianshan Mountains
has a low number of dust days at less than 50. The number of dust days in the Kashgar
region in the west is slightly higher due to the influence of the westerlies. Except for several
high-altitude stations near the Pamirs Plateau; the number of dust days is 75–100 days.
Floating dust is the dust weather type with the highest frequency for many years. The
distribution of floating dust with high frequency is similar to the spatial distribution of
the total dust days. Hotan (149 days) and Minfeng (153 days) in the southern margin of
the Tarim Basin have the highest floating dust frequency. Basically, floating dust exists
in every dust weather. The annual average frequency of blowing dust is 0–82 days, with
the highest occurrence recorded by Tazhong Station (82 days). The second highest is the
line from Pishan to Ruoqiang, at which the frequency of blowing dust at most stations is
25 to 50 days. The lowest frequency of dust storms, with an annual average frequency of
0–27 days and the highest frequency of 27 days, was recorded by Minfeng Station. The
frequency of three kinds of dust weather in Bayinbuluke, Baluntai, Hejing, Yanqi, Baicheng,
Turgat and Tashkurgan is relatively small, and the frequency does not exceed 10 days.
Particularly, Baluntai and Bayinbuluke are located on the southern slope of the Tianshan
Mountains, and their special location and terrain conditions make them rarely affected by
dust weather. Strong winds, dust sources and unstable weather conditions are important
conditions for dust transmission, and terrain affects the airflow transmission path [10].
Affected by the topography and prevailing wind direction of the Tarim Basin, a small part
of the dust is transported eastward, and most of it stays inside the basin and has greater
impact on the southern edge of the basin [40].

Remote Sens. 2023, 15, x FOR PEER REVIEW 6 of 18 
 

 

4.1.2. Spatial Distribution of Dust Weather Days 

The annual number of dust days in the entire Tarim basin is 60 days, including 52 

days for floating dust, 21 days for blowing dust and 5 days for dust storm. Figure 4 shows 

that the number of days of dust weather is relatively high, mainly in Pishan, Hotan, Cele, 

Minfeng and Tazhong. The days of dust weather exceed 125 days, and the maximum is 

156 days (in Minfeng). The loose soil on the surface of the Taklimakan Desert, as the ma-

terial base, can easily produce dust weather [38,39]. The number of dust days in Shache, 

Luopu, Qiemo and Yutian is 100–125 days. The high value areas of these dust weather 

days are mainly distributed in the southern margin of the Tarim Basin and the stations in 

the hinterland of the desert. The area in the north near the southern foot of Tianshan 

Mountains has a low number of dust days at less than 50. The number of dust days in the 

Kashgar region in the west is slightly higher due to the influence of the westerlies. Except 

for several high-altitude stations near the Pamirs Plateau; the number of dust days is 75–

100 days. Floating dust is the dust weather type with the highest frequency for many 

years. The distribution of floating dust with high frequency is similar to the spatial distri-

bution of the total dust days. Hotan (149 days) and Minfeng (153 days) in the southern 

margin of the Tarim Basin have the highest floating dust frequency. Basically, floating 

dust exists in every dust weather. The annual average frequency of blowing dust is 0–82 

days, with the highest occurrence recorded by Tazhong Station (82 days). The second 

highest is the line from Pishan to Ruoqiang, at which the frequency of blowing dust at 

most stations is 25 to 50 days. The lowest frequency of dust storms, with an annual aver-

age frequency of 0–27 days and the highest frequency of 27 days, was recorded by Min-

feng Station. The frequency of three kinds of dust weather in Bayinbuluke, Baluntai, 

Hejing, Yanqi, Baicheng, Turgat and Tashkurgan is relatively small, and the frequency 

does not exceed 10 days. Particularly, Baluntai and Bayinbuluke are located on the south-

ern slope of the Tianshan Mountains, and their special location and terrain conditions 

make them rarely affected by dust weather. Strong winds, dust sources and unstable 

weather conditions are important conditions for dust transmission, and terrain affects the 

airflow transmission path [10]. Affected by the topography and prevailing wind direction 

of the Tarim Basin, a small part of the dust is transported eastward, and most of it stays 

inside the basin and has greater impact on the southern edge of the basin [40]. 

 

Figure 4. Annual average dust weather frequency in the Tarim Basin. 

4.2. Temporal and Spatial Distribution Change of DI 

4.2.1. DI Annual Change and Monthly Change 

Figure 4. Annual average dust weather frequency in the Tarim Basin.



Remote Sens. 2023, 15, 1804 7 of 18

4.2. Temporal and Spatial Distribution Change of DI
4.2.1. DI Annual Change and Monthly Change

From 1989 to 2021, the interannual change of DI in the Tarim Basin shows an overall
trend of first decreasing and then increasing (Figure 5a). The DI was the lowest in 2012
(108.02) and the highest in 1994 (207), indicating a large interannual difference in DI in the
Tarim Basin. From 1989 to 2012, there was a fluctuating downward trend, with a decline
rate of 2.86 ·a−1. After 2012, there was a fluctuating growth trend, with an increase rate
of 6.71 ·a−1. The monthly variation in DI (Figure 5b) shows a single-peak increasing first
and then decreasing trend. However, due to the different proportions of each dust weather
type, the monthly variation in DI and dust days are different. The DI exhibits an obvious
seasonal difference; the strongest DI is 77.82 in spring, and the DI decreases in summer
(56.97), autumn (18.34) and winter (7.33). The DI values in spring and summer are very
high, and those from March to August are higher than the annual average DI (21.6). The
Tarim Basin has frequent dust weather in spring. The surface temperature rises rapidly in
spring, with a strong turbulence movement and an unstable atmospheric stratification. A
strong upward movement is conducive to rolling up more dust and transporting them to
higher places [41]. Dust weather occurs less frequently in autumn and winter than other
seasons; the DI values recorded by most stations are very small, and some are even 0 for
these times. Especially few dust storms occur in winter, resulting in the lowest DI value in
the entire year.
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4.2.2. DI Spatial Variation

Figure 6 shows the spatial distribution of DI in the Tarim Basin from 1989 to 2021. The
spatial distribution of DI in the Tarim Basin is obviously different, and the dust intensity is
generally high in the south and low in the north. The average annual DI of the Tarim Basin
is 157.4. The DI values of Tazhong, Minfeng, Qiemo, Cele, Hotan and Pishan exceed 300.
The highest DI is 570.12 for Minfeng, and the lowest is 2.24 for Baluntai. In addition, several
stations in Kashgar have slightly high DI values, mostly exceeding 100. The distribution
of the annual average DI value is basically consistent with the distribution of the dust
weather frequency. The calculation of the DI value is affected by the weight of different
dust weather types. The southern edge of the Tarim Basin and the hinterland of the desert
are characterised by high DI. This area is located on the northern slope of the Kunlun
Mountain. The river alluvium from the mountain area is weathered by wind erosion, and
the underlying surface is rich in sediment. When the air flow is transported to the sky, the
sand drift activity is strong. Wang’s [42] field monitoring and indoor analysis results show
that the surface of Taitema Lake and the adjacent degraded land on the southeast edge of
the Taklimakan Desert is the strongest area for PM10 release. The desert surface adjacent to
the marginal degraded land and the surface of Pishan, Hotan, Yutian and Minfeng Gobi on
the southwest edge of the desert are the sub strong areas of PM10 emission. These areas
are the main sources of dust emission, which is consistent with the distribution of the high
DI values.
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4.3. DAOD Distribution Characteristics

Dust aerosol is suspended in the atmosphere in solid and liquid forms, with an
aerodynamic particle size ≤10 µm [43]. When dust weather occurs, the dust aerosol
concentration in the affected areas will increase greatly. Dust is superimposed by various
synoptic systems of different scales under a specific large-scale circulation background
and transported to the air through atmospheric turbulence. Some of the fine particles
form dust aerosols, and the others are transported to a far dust fall area under the action
of atmospheric horizontal transport. Wind erosion and dust weather process affect the
distribution and transport of dust aerosols. Dust aerosol is the main aerosol type in Central
Asia. The high value area of DAOD is in the Taklimakan Desert, Xinjiang. The frequency
and intensity of dust weather are the main factors affecting the dust aerosol concentration
in desert areas. Figure 7 shows a significant positive correlation between the annual average
DAOD of 44 stations and the number of dust days and DI, and the correlation coefficients
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are 0.814 and 0.733, respectively, passing the significance test at 0.01 level. The DAOD
increases with the dust weather frequency. However, due to the different influences of
different dust weather types, the impact on the DAOD in the atmosphere is also different.
The weight of the DI index to different dust weather types is different. The floating dust
particles are smaller than the blowing dust, the small particles are likely to be carried up
by the wind, resulting in an increase in aerosol concentration, and the coarse particles will
settle due to gravity. During blowing dust and dust storm, the wind speed is high, and
coarse particles are lifted and suspended in the atmosphere. Dust storms are especially
strong and fast, and not only affect the air quality of the place where they occur, but may
also cause high DAOD in the atmosphere of downwind areas. Dust storms are often
accompanied by floating dust weather.
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1989 to 2021; (b) Correlation analysis of multi-year average DAOD and DI.

Figure 8a shows that the DAOD of the Tarim Basin is between 0.03 and 0.39, with an
average value of 0.21. Dust aerosols are widely distributed throughout the entire basin,
except for the surrounding mountains. The high DAOD value is mainly distributed in the
line from Pishan to Minfeng in the south of the Tarim Basin, and Ruoqiang in the east and
the surrounding areas. This is consistent with the high-frequency regional distribution of
dust weather. The DAOD exhibits an obvious seasonal change (Figure 8b–e), i.e., spring
(0.31) > summer (0.21) > autumn (0.13) > winter (0.1). In spring, the temperature begins to
rise, the solar radiation increases, the air dries after the snow melts and the soil moisture
decreases and gradually loosens under the action of wind. Meanwhile, the dust storm
weather begins to rage, and the wind erosion is fierce. The wind sand flow carries many
dust particles into the oasis area that finally settle on the surface. The DAOD value of
the entire basin is relatively high in spring, especially in Hotan, Ruoqiang, Aksu in the
north and the surrounding areas. The ratio of dust aerosol in summer to that in spring is
significantly reduced, but more convective activity occurs in summer, which is conducive
to the upward and remote transport of dust. The dry lake basin sediments of Taitema Lake
provide a rich material base, making the DAOD in the surrounding areas high. In autumn
and winter, the wind erosion activity is greatly weakened, especially in winter when the
temperature is low and the underlying snow cover does not easily cause dust. The entire
basin has little dust in the east.
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5. Discussion
5.1. Surface Dust Distribution

Dust is a natural phenomenon in which the wind lifts the dust on the surface into
the air, causing a sharp increase in the number of suspended particles in the near-ground
atmosphere. The three processes of wind erosion, dust weather and aerosol mainly occur
in desert and arid areas, and they complement and affect each other. The dust sources in
Northwest China are mainly the marginal desert rich in dust and the Gobi ecotone at the
edge of an alluvial–proluvial fan that contains dry riverbeds, dry lakes and degraded oasis
lands. These areas have a high content of fine material components that easily release dust
particles and spread and deposit to the surrounding surface through the local circulation
process [44]. Under certain weather conditions, the dust in the Taklimakan Desert can be
lifted to a height of 10 km. In spring and summer when the dust activity is most frequent, a
large amount of dust can be lifted from the bottom of the Tarim Basin along the Kunlun
Mountains to the Qinghai–Tibet Plateau [45]. The dust above the Tarim Basin is distributed
on the ‘global dust transport belt’ that is also a typical source of dust [46,47]. The maximum
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frequency of dust usually appears on the near-surface and decreases with the increase
in the height [48]. Figure 9 shows that the average annual DUSMASS of the Tarim Basin
from 1989 to 2021 is 180.25 µg·m−3, ranging from 14.66 µg·m−3 to 482.26 µg·m−3. The
DUSMASS exhibits a significant seasonal change, i.e., spring (260.14 µg·m−3) > summer
(193.44 µg·m−3) > autumn (139.11 µg·m−3) > winter (128.32 µg·m−3). The centre of high
DUSMASS values in spring is in the east of the Taklimakan Desert, and the high value covers
most areas of the desert. In summer, the DUSMASS decreases significantly, and the area of
the high value central area decreases greatly to the east. The high value centre disappears in
autumn and winter, and the DUSMASS is greatly reduced. Influenced by the characteristics
of the wind field near the surface, the DUSMASS has obvious regional characteristics.
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In recent years, the climate has been dry, coupled with the unreasonable use of
human water resources and vegetation damage, leading to the cut-off of the Tarim River
and other inland rivers, the drying of lakes at the lower reaches of the river and serious
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land desertification [49]. In the east of the desert and its edge, strong degraded surface
dust activity occurs near the Taitema Lake, where a high concentration centre of surface
dust exists throughout the year. Under the action of east and northeast winds, this area
can supply dust in the Ruoqiang and Minfeng areas of the southeast edge of the desert
because the air flow from the direction of Lop Nur enters the desert hinterland, forming
a ‘backward easterly wind’. The strong wind force, coupled with the thermal effect of
the desert itself, causes the dust storm activity to move from the edge of the desert to the
hinterland [50]. However, Shache and Alar on the northwest edge, as well as Luntai, Korla
and Tieganrik on the northeast edge, are located in the upwind direction of the dominant
wind, with weak near-surface dust activity and less contribution to dust. Wang [42] believes
that the concentration of fine particles in the desert sand at the edge of the Taklimakan
Desert is much higher than that in the hinterland of the desert during wind and sand
activities because the desert hinterland can provide extremely few fine particles that can be
transported remotely under the same background of wind and sand activities. The line from
Pishan to Minfeng on the southwest edge of the desert is the Gobi surface of the alluvial fan
in front of the Kunlun Mountains. The PM10 content on the surface is high, contributing
greatly to the dust material in the dust activity. However, the dust release capacity is not
only affected by the content of fine particles on the surface but also greatly limited by the
intensity of windblown sand activity. In addition, the emission intensity of sand dust is
significantly affected by factors such as sediment particle size composition, atmospheric
circulation, topography and vegetation coverage [51]. Wei et al. [52] studied the grain size
of desert surface sediments in northern China and found that the Taklimakan Desert has
the finest surface sediments, with clay and silt contents of 6.7%. The total amount of dust
emission in the Taklimakan Desert can reach 14.4 Tg y−1, which contains a large number of
clay particles, providing a sufficient material basis for dust emission. However, the grain
size composition of the Taklimakan Desert varies greatly from place to place. Sun et al. [53]
found that in the north of the Taklimakan Desert, the amount of fine materials released
is large, and the underlying surface features are relatively consistent, i.e., the surface is
compact with a salt crust, flat and open, with a sparse vegetation coverage, and the surface
sediment particles are fine. However, the coarse sand cover near the southern edge of the
desert does not reduce the content of fine particles in the dust fall, perhaps because the
easterly flow transported the fine particles on the surface of the ancient river channel in the
southeast of the desert and the alluvial–proluvial fan at the foot of the Kunlun Mountains.
Vegetation plays an important role in controlling the sand transported by wind in the Tarim
Basin. In the vast oases in the north, vegetation significantly reduces the aeolian transport,
but vegetation cannot completely eliminate dust transport [54]. This phenomenon also
shows that the sand fraction of the sand dune sediments in the Taklimakan Desert is mainly
from the Kunlun Mountains and not the Tianshan Mountains [55]. Wandionetal et al. [56]
and Zhang et al. [57] also confirmed that the Taklimakan Desert is the main source of local
dust, but the surrounding high mountains block the dust from flowing out of the basin,
resulting in most of the dust deposition, so the dust discharged from the desert is mainly
local. Only when the dust in the basin floats to a higher level can it become an important
factor in long-term dust transport.

5.2. Influence of Wind on Dust Distribution

Wind is one of the basic forces that shape the landform and is also the dynamic
basis of sand movement. The near-surface wind that causes sand movement always has
turbulent characteristics [58]. The air pressure difference causes the air mass to move.
The air mass moves from the high-pressure area to the low-pressure area. The greater the
air pressure difference is, the greater the horizontal pressure gradient force and the wind
force are. Wind intensity is a significant factor affecting dust emission, transportation and
deposition. A direct linear correlation exists between the change in extreme wind speed
and dust deposition [59]. The interannual variation in wind is the most important factor
affecting the dust concentration in China. The strong wind behind the cold front caused by
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atmospheric circulation activities plays the most direct and important role in the occurrence
of dust weather [60,61]. In the year when the East Asian monsoon was weakest, the strong
northwest wind and westerly anomaly over the Gobi and Taklimakan deserts resulted in a
large transport flux, thus increasing the dust concentration over China [62].

The wind speed of sand rising in the Tarim Basin is 6 m/s [63]. This paper classed
gale weather as having a wind speed greater than 6 m/s and a duration of more than
12 h. Figure 10 shows the occurrence frequency and multi-year average wind speed of
gale weather under these conditions. It can be seen from the figure that the frequency
of gale weather for many years presents a stepwise decreasing trend from northeast to
southwest. The most frequent gale weather is in the northeast. The frequency of gale
weather is low at the southern foot of the Northern Tianshan Mountains, the northern foot
of the Southern Kunlun Mountains and the Pamirs Plateau. This distribution is basically
consistent with the spatial distribution of the DP and RDP of Sun and Gao [64]. The annual
average wind speed and frequency distribution of gale weather are different, but the high
average wind speed occurs at the tuyere in the northeast of the desert, followed by the
Hotan area in the south of the basin and the edge of the desert. Whether from the frequency
or intensity of strong wind weather, wind erosion in the eastern region is very strong.
The unique geographical position of the Taklimakan Desert leads to the unique upper air
circulation situation, determining the characteristics of the near-surface wind field. From
the perspective of the planetary wind system, the upper air circulation in the Taklimakan
Desert is mainly affected by the mid-latitude westerly belt. However, it is surrounded
by mountains on three sides, and the impact of the Qinghai–Tibet Plateau leads to the
destruction and reconstruction of the latitudinal circulation. The entire desert is mainly
affected by the northeast and northwest wind systems. The east wind and northeast winds
are strong, and the affected area is mainly the east of the desert, while the north is less
affected by dust [65]. The direction and intensity change of the near-surface wind field is
also related to the great difference in the thermal properties between the desert and the
surrounding different underlying surfaces. In particular, the desert becomes a huge heat
source in summer, forming a large temperature gradient with the edge areas, leading to
the convergence trend of the surrounding wind system with the desert hinterland and
the gradual increase in this process [66]. In spring and summer, the wind generated by
the hot low pressure formed in the Taklimakan Desert and the invading cold air is the
dynamic condition for the formation of dust weather. The cold high pressure enters the
Southern Xinjiang basin from the Pamirs plateau, making the surface uneven in heat and
cold and forming a westerly wind in the Southern Xinjiang basin. In recent years, the
dust weather in Hotan has shown a decreasing trend, mainly because the temperature
has increased year by year, the cold air invading from the Pamirs has decreased, and
the weakening of the low pressure in Xinjiang has led to the reduction of the westerly
wind in the Tarim Basin, decreasing the dust weather [67]. The seasonal variation in dust
aerosols in the Tarim Basin is similar to that in the Aral Sea region, mainly because they
are at the same latitude. The frequent occurrence of mineral dust and salt dust is caused
by the cyclone activity and strong wind weather in spring [68]. The impact of wind on
dust is complex and dynamic, rather than a simple linear relationship. In future research,
we should further study the relationship between wind and dust release in a single dust
event and intensively discuss the interaction between various meteorological factors in the
process of dust weather to provide a theoretical basis for wind–sand control and prevention
in arid and semi-arid regions.
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6. Conclusions

The Tarim Basin has frequent dust weather which is one of the important sources
of global dust release. On the basis of the dust weather observation data of 44 surface
meteorological stations in the Tarim Basin from 1989 to 2021, this paper analyses the
temporal and spatial characteristics of the sand dust weather over the past 33 years in
the Tarim Basin and discusses the relationship between dust weather and the DAOD,
DUSMASS and wind speed data. The results are as follows:

(1) From 1989 to 2021, on average, there were 60 dust days/year in the Tarim Basin. The
dust weather is mainly composed of floating dust, followed by blowing dust and dust
storms. The interannual variation in different types of dust weather frequency shows
a downward trend. In terms of spatial distribution, the dust weather in the Tarim
Basin is mainly distributed in the southern edge of the basin and Tazhong Station in
the hinterland of the desert, showing a spatial pattern of more in the south and less in
the north.

(2) The interannual variation in DI shows no significant downward trend, and the spatial
distribution of DI is basically consistent with that of dust weather days. The high-
value area is mainly located in the line from Pishan to Ruoqiang and Tazhong in the
south, while the DI value in the north is relatively low. The DI values have an obvious
seasonal difference, i.e., spring (77.82) > summer (56.97) > autumn (18.34) > winter
(7.33), and the DI values of most stations in autumn and winter are less than 20.
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(3) The DAOD in the Tarim Basin is obviously affected by dust weather and has a
significant correlation with the dust weather days and the DI. The strong wind–sand
activity in spring makes the DAOD of the entire basin generally high, especially in
the Hotan area in the south of the basin, and Aksu and the surrounding areas in
the north. In addition, the dry lake basin of the Eastern Taitma Lake provides a rich
material base, making the DAOD of its surrounding areas high. The DAOD data have
strong time continuity and a wide distribution range, compensating for the shortage
of ground dust observation data.

(4) The DUSMASS is affected by many factors, such as terrain and atmospheric circulation,
and its high value decreases from the east of the Taklimakan Desert to the hinterland
of the desert. Wind is one of the important factors affecting the release of dust. The
distribution of the gale weather frequency is similar to that of the DUSMASS, showing
a stepwise decreasing trend from northeast to southwest. A high average wind speed
was recorded in the northeast of the desert, followed by the southern edge of the basin.
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Appendix A

Table A1. Surface meteorological station information.

Station Longitude Latitude Station Longitude Latitude

Wushi 79.23 41.22 Tazhong 83.67 39.00
Akesu 80.23 41.17 Tieganlike 87.7 40.63
Wensu 80.23 41.27 Ruoqiang 88.17 39.03
Baichen 81.90 41.78 Qiemo 85.55 38.15
Xinhe 82.62 41.53 Pishan 78.28 37.62
Shaya 82.78 41.23 Cele 80.80 37.02
Kuche 82.97 41.72 Moyu 79.72 37.28
Keping 79.05 40.50 Hetian 79.93 37.13
Awati 80.40 40.65 Luopu 80.17 37.08
Alaer 81.27 40.55 Minfeng 82.72 37.07

Baluntai 86.30 42.73 Yutian 81.65 36.85
Bayinbuluk 84.15 43.03 Tuergate 75.40 40.52

Hejing 86.40 42.32 Jiashi 76.73 39.50
Yanqi 86.57 42.08 Hashi 75.98 39.47

Heshuo 86.80 42.25 Bachu 78.57 39.80
Luntai 84.25 41.78 Yuepuhu 76.78 39.25

Yuli 86.27 41.35 Yingjisha 76.17 38.93
Kuerle 86.13 41.25 Tashikuergan 75.23 37.77
Atushi 76.17 39.72 Maigaiti 77.63 38.92
Wuqia 75.25 39.72 Shache 77.27 38.43
Aketao 75.95 39.15 Yecheng 77.40 37.92
Aheqi 78.45 40.93 Zepu 77.27 38.20
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