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Abstract: Summer dust aerosol in the Taklimakan Desert (TD) affects not only the albedo of the snow
and ice sheets on the Tibetan Plateau (TP) but also air quality and precipitation in the downstream
areas. In this study, the summer extreme dust activity in the TD was jointly investigated by using
satellite observations and MERRA-2 reanalysis datasets and divided into two states: dust active
period and dust inactive period. The horizontal and vertical distribution of summer dust during
both the dust active and inactive periods, as derived from the MERRA-2 dataset, is consistent with
satellite observations. By comparing the upper-level circulation and surface meteorological elements
at two periods, we identify the South Asian High (SAH) as the dominant factor driving the extreme
dust activity in the TD during summer. When the SAH is centered on the Iranian Plateau (IP), the
dust aerosol in the TD exhibits increased activity and is lifted to higher altitudes due to significantly
enhanced westerly winds, near-surface wind speed, and an ascending motion. Conversely, when
the SAH is centered on the TP, the summer dust activity shows the opposite behavior. These new
findings on the regulatory mechanism of the SAH on the summer dust activity in the TD are highly
significant for understanding the occurrence and transport of summer Asian dust and its potential
impact on heavy precipitation in the downstream areas.

Keywords: South Asian High; Taklimakan Desert; summer dust activity

1. Introduction

Mineral dust aerosol is an important component of the atmosphere. When dust
weather occurs, it not only impacts the ambient air quality [1–3] but also poses a threat
to human health [4–7]. Furthermore, mineral dust aerosol can influence changes in the
radiation energy budget [8,9] and atmospheric thermal structures [10], and it can be trans-
ported to the Tibetan Plateau (TP) or polar regions [11–13]. This transportation process
has the potential to cause significant melting of snow and ice [14]. Additionally, mineral
dust aerosol affects cloud properties through direct or indirect effects [15], which is highly
significant for atmospheric circulation and regional climates. Accurately predicting dust
activity is crucial for our understanding of climate change and for improving environmental
quality. Therefore, studying the factors that contribute to changes in dust activity is critical
for future dust predictions.

The Taklimakan Desert (TD), located in the center of the Tarim Basin and surrounded
by mountains on three sides with only a narrow opening in the eastern region, is the second
largest mineral dust source in the world and a significant contributor to dust emissions in
Asia. During spring and summer, the TD appears to be the most frequent and steady source
of dust emissions [16–20]. Due to its topography, dust aerosols in the TD are generally
confined within the Tarim Basin, with most dust particles being redeposited after being
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lifted [21,22]. As a result, dust events in the TD are typically considered local phenom-
ena [23]. However, under favorable weather conditions, dust aerosols from the TD can be
vertically transported. When these aerosols reach sufficient height to surpass the surround-
ing terrain, they are carried eastward by westerlies [22,24], reaching North America across
the Pacific or being transported to the Arctic under specific circulation patterns [13,25–31].
Furthermore, the TD is adjacent to the TP to the south. Dust aerosol from the TD can be
transported to the plateau [32,33], influencing convective cloud formation over the TP
and potentially leading to heavy rainfall in downstream areas [34]. Additionally, during
summer, the dust aerosols from the TD could be trapped in the Asian Summer Monsoon
Anticyclone (ASMA) under the influence of the circulation, which partly contributes to the
formation of the Asian tropopause aerosol layer [35]. Therefore, understanding the main
drivers of summer dust activity in the TD holds significant importance for comprehending
dust transport mechanisms and regional and global climate effects.

The upper-level circulation system exhibits good stability and can reflect changes in
large-scale circulation, thereby exerting a regulatory effect on the near-surface circulation
field and even influencing the occurrence of dust events in the TD [36,37]. Most research
has focused on the spring dust activity due to the frequent downstream transport of Asian
dust during that season. It has been observed that the Westerly Jet (WJ) plays a significant
role in spring dust activity. Strengthening the WJ intensifies the low-level winds in the
TD, resulting in increased frequency of dust weather [38–40]. Conversely, a weakened WJ
contributes to a reduction in dust events in the TP [41]. Additionally, anomalous large-
scale environment conditions related to the Arctic Oscillation (AO) and El Nino-Southern
Oscillation (ENSO) can create favorable conditions for the enhanced dust activities in
Asia [42–45]. However, the regulation of summer dust activity in the TD by large-scale
circulation has received less attention, apart from the contribution of momentum transfer
of the nocturnal low-level jet [46,47].

The South Asian High (SAH), a thermal high influenced by diabatic heating over the
highland and monsoon regions, is the dominant and persistent anticyclone in the upper
troposphere and the lower stratosphere during boreal summer. It plays a crucial role
in shaping the regional climate across Asia [48–50]. The quasi-biweekly oscillation is a
seasonal characteristic of the SAH [51], leading to changes in the atmosphere’s thermal
structure and circulation field [52,53]. Previous studies have primarily focused on its
interactions with the summer monsoon and precipitation patterns [54–59]. However, how
this powerful circulation system will affect dust activity has not been clearly concluded.

In this study, the summer dust activity in the TD was classified and analyzed based
on satellite observations and reanalysis datasets. Additionally, from the perspective of
macroscale circulation, the effect of the SAH on TD dust activity in summer was investigated
in an attempt to understand the mechanisms underlying the effect of large-scale circulation
systems on summer dust activity.

2. Data and Method
2.1. Observation Data

To obtain a dust aerosol vertical distribution in the TD, the latest Version 4 Level 2
Aerosol PROfile (APRO) product of Cloud-Aerosol Lidar with Orthogonal Polarization
(CALIOP) [60] for the period of 2007–2018 was used in this study. To ensure high-quality
retrieval data, following Wang et al. [10] and Han et al. [24], a data-filtering scheme with
Cloud-Aerosol Discrimination (CAD) score between −70 and −100 and extinction quality
control flag (Ext_QC) flag values of 0, 1, 2, 16, and 18 are used. Considering the complex
topography of TP, the extinction coefficient of CALIPSO was re-gridded at a resolution of
0.5◦ (latitude) × 1.5◦ (longitude).

The MODerate-resolution Imaging Spectroradiometer (MODIS), aboard the Terra
and Aqua satellites, can provide global almost daily observations in 36 spectral bands of
approximately 0.41–14 microns covering 2330 km. The optical properties of global aerosols
can be obtained based on two complementary aerosol inversion algorithms, the “Dark
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Target” algorithm (DT) and the “Deep Blue” algorithm (DB). According to the methods of
Song et al. [61] and Yu et al. [62], Dust Optical Depth (DOD) over land can be extracted by
using the AOD, Ångström exponent, and single-scattering albedo at 470 nm, retrieved by
DB algorithm.

2.2. Reanalysis Data

The second Modern-Era Retrospective analysis for Research and Applications (MERRA-
2) was generated by coupling the Goddard Earth Observation System of Systems v5 (GEOS-
5) with the GOddard Chemical Aerosol Radiation and Transport (GOCART) model [63].
DOD at 550 nm was also obtained by MERRA-2, due to the assimilations of multi-source
aerosol observations such as MODIS, the Multi-Angle Imaging SpectroRadiometer (MISR),
and AErosol RObotic NETwork (AERONET) [64–66]. Additionally, MERRA-2 also simu-
lates dust emission, dust mixing ratio, and deposition fluxes by using a radiatively coupled
version of GOCART. All these variations have a resolution of 0.5◦ × 0.625◦ and 72 hybrid-
eta levels from the surface and to 0.01 hPa. In this study, DOD of MERRA-2 from 2000
to 2020 was used to classify dust in active and inactive periods, so as to analyze dust
conditions and circulation field conditions in the two periods. The DOD distribution of
MERRA-2 was verified by the DOD of MODIS, and the dust mixing ratio of MERRA-2
that was used to study the vertical distribution of dust was also used for comparison
with CALIOP-based estimates. Furthermore, the 2000–2020 daily data from the National
Centers for Environmental Prediction (NCEP)/Department of Energy (DOE) Reanalysis
2 (NCEP-DOE 2), on a 2.5◦ × 2.5◦ horizontal resolution [67], were used to analyze the
corresponding atmospheric circulation and surface meteorological elements.

2.3. Definition of Summer Dust Activity

To investigate the major characteristics of summer dust distribution and atmospheric
circulation, all active and inactive periods of summer dust need to be delineated and then
their composites computed. Here, the Summer Dust Active Period (SDAP) and Summer
Dust Inactive Period (SDIP) were defined respectively for the time series of DOD from
2000 to 2020, specifically during the period from 1 June to 31 August. First, the daily DOD
anomalies, averaged over the TD (77◦–90◦E, 35◦–42◦N), were estimated by subtracting
the daily climatological mean. Then, these anomalies were normalized based on the
corresponding standard deviation. An SDAP was identified when the normalized DOD
anomalies were greater than 1.0 for at least three consecutive days during July and August.
Conversely, an SDIP was identified when the normalized DOD anomalies were less than
−1.0 for at least three consecutive days during the same period. In the total 1932 days of
the 21 summers from 2000 to 2020, 217 days were chosen as the SDAP, and 186 days were
chosen as the SDIP.

It is worth mentioning that the abnormal variables used for analysis, except for the
CALIOP data, were computed using the same processing method to obtain the abnormal
sequence. The abnormal variables were obtained by subtracting the corresponding daily
climatological mean from each grid point, which were then presented by synthesizing
corresponding SDAP/SDIP periods.

3. Results and Discussion
3.1. MERRA-2-Based Dust Activity in the TD

To examine the dust activity in each season, Figure 1a illustrates the frequency distri-
bution of normalized DOD anomalies in different seasons within the TD region (77◦–90◦E,
35◦–42◦N) during various seasons using MERRA-2. The absolute value of the normalized
DOD anomalies was greater than 1.0 and was defined as extreme dust activity. The fre-
quency percentages of extreme dust activity in spring, summer, autumn, and winter for
the period of 2000–2020 were 24.07%, 28.57%, 23.55%, and 17.30%, respectively. Notably,
summer exhibited significantly higher dust activity compared with other seasons, with
the greatest fluctuation in DOD anomalies observed during this period. Furthermore,
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the relationship between the summer dust activity in the TD and large-scale atmospheric
circulation remains to be explored. Therefore, we studied the major characteristics of ex-
treme dust activity through the example of synthetic analysis of the SDAP/SDIP to further
analyze the conditions that cause summer dust activity and inactivity.
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According to the distribution of DOD anomalies in the SDAP and SDIP derived 
from MERRA-2 (Figure 1b,c), it is evident that dust activity is primarily concentrated in 
the TD region, while other dust sources do not exhibit significant DOD anomalies. In the 
SDAP, positive DOD anomalies are observed and concentrated in the Tarim Basin. Con-
versely, in the SDIP, negative DOD anomalies prevail. This observation confirms that the 
selected dates effectively capture the two states of extreme dust activity in the TD. The 
composite circulation patterns are largely responsible for the dust activity in the TD. 

Figure 1. (a) Frequency of normalized Dust Optical Depth (DOD) anomaly in Taklimakan Desert
(77◦–90◦E, 35◦–42◦N) from 2000 to 2020. The top left corner of the figure presents the seasonal
variance of DOD anomalies for each season, with blue representing spring, orange representing
summer, yellow representing autumn, and purple representing winter. (b–e) Distribution of DOD
anomalies during (b,d) Summer Dust Active Period (SDAP) and (c,e) Summer Dust Inactive Period
(SDIP) between 2000 and 2020, using data from MERRA-2 (upper panel) and MODIS (lower panel).
The gray solid line in the figure represents the isoline at an altitude of 3000 m above sea level. The
color-filled areas all passed with 95% significance.

According to the distribution of DOD anomalies in the SDAP and SDIP derived from
MERRA-2 (Figure 1b,c), it is evident that dust activity is primarily concentrated in the TD
region, while other dust sources do not exhibit significant DOD anomalies. In the SDAP,
positive DOD anomalies are observed and concentrated in the Tarim Basin. Conversely,
in the SDIP, negative DOD anomalies prevail. This observation confirms that the selected
dates effectively capture the two states of extreme dust activity in the TD. The composite
circulation patterns are largely responsible for the dust activity in the TD.

3.2. Satellite-Based Verification of Summer Dust Activity

We classified the extreme dust activity in the TD based on the DOD data obtained from
MERRA-2, which was well verified from the DOD distribution. That was based on reanalysis
data, so we also utilized DOD data from MODIS for comparison and verification (Figure 1d,e).
The satellite observations align with the reanalysis results and effectively depict the dust
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activity. However, there is a slight disparity in the centers of the DOD anomalies. The anomaly
centers in MERRA-2 are situated in the central and western regions of the basin, whereas
according to MODIS data, the anomaly center is located in the central and the southeastern
edge of the basin. This discrepancy may arise from the fact that the daily data of MERRA-2
were derived from averaging three-hourly data, while the daily MODIS data were based
on the average of the transit data from the Terra and Aqua satellites. The composite results
show that the maximum positive anomaly value of the DOD during the SDAP reaches 0.57
in MERRA-2, and the area exhibiting the largest negative DOD anomalies during the SDIP
is 0.35 below the daily climatological mean state in MERRA-2. In the MODIS results, DOD
anomalies reach a maximum of 0.65 and −0.48, respectively.

Furthermore, to provide a comprehensive depiction of the vertical distribution of
dust, the dust mixing ratio anomaly at the zonal (average of 38◦–42◦N) and meridional
(average of 75◦–85◦E) directions from MERRA-2 was compounded, as shown in Figure 2.
The dust mixing ratio profile reveals that during the summer season in the TD, dust
aerosols are transported vertically up to an altitude of approximately 200 hPa. Notably,
there is a substantial increase in transport toward the downstream areas and the plateau,
resulting in a positive anomaly in the dust layer over the plateau with a height exceeding
500 hPa during the SDAP. Conversely, during the SDIP, the transport of dust toward the
downstream regions is significantly weakened. Previous studies have indicated that the
dust originating from the TD region possesses the potential to be transported over long
distances or southward toward the plateau under the influence of appropriate circulation
patterns [25,32,68,69]. These findings emphasize that the circulation conditions during
the SDAP not only have a positive impact on the dust activity within the TD region but
also facilitate the transportation of dust toward the downstream areas and the plateau. In
contrast, the circulation conditions during the SDIP exhibit an opposite effect.
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Figure 2. Composite results of the dust mixing ratio anomaly in the zonal (left) and meridional (right)
directions during (a,b) SDAP and (c,d) SDIP from 2000 to 2020. The zonal distribution represents the
average between 38◦–42◦N, while the meridional distribution corresponds to the average of 75◦–85◦E.
The data used for these analyses were obtained from MERRA-2, and the color-filled areas in the figure
indicate regions that have passed the significance threshold of 95%. The green dotted line represents
the desert range (77◦–90◦E, 38◦–42◦N).
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The reanalysis results of vertical distribution are given above, and consistent conclu-
sions can be obtained from the perspective of observation. Figure 3 presents the vertical
distribution of total extinction coefficient anomaly in the TD and its surroundings during
the SDAP and SDIP, as captured by CALIOP. Mineral dust dominates the TD, accounting
for 96% of the total aerosol extinction [70]. Therefore, the distribution of total extinction
serves as a suitable indicator for characterizing the vertical dust distribution in this re-
gion. During data processing, the anomaly is calculated by subtracting the corresponding
monthly average from the CALIPSO data, considering the unavailability of observed values
for all grid points in the study area. Notably, a significant positive anomaly in extinction is
observed during the SDAP, while the opposite is observed during the SDIP. Furthermore,
the height of the extinction anomaly in the SDAP is notably greater than that in the SDIP.
This suggests that dust not only exhibits higher activity during the SDAP but can also be
transported to higher altitudes. When dust particles are lifted to greater heights, there is an
increased likelihood of downstream transport. These findings align with the dust mixing
ratio results, indicating greater transport of TD dust to downstream regions and plateaus
during the SDAP.
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Figure 3. Composite result of meridional distribution of the total extinction coefficient anomaly from
CALIOP. The analysis focuses on the average range of 75◦–85◦E during the (a) SDAP and (b) SDIP
from 2007 to 2018.

By comparing the vertical distribution of satellite data and reanalysis data from the
TD, it can be seen that positive dust-mixing ratio anomalies are observed from near the
ground to high altitudes in the SDAP, whereas negative anomalies are present during the
SDIP. Notably, the CALIOP data show a weak negative anomaly in aerosol extinction near
the surface during the SDAP, which differs from the distribution of dust mixing ratio. This
discrepancy may arise from the nature of the CALIOP data, obtained through vertically
sliced scanning of the earth’s atmosphere, resulting in incomplete data coverage in the
study area and the inability to eliminate its annual cycle. When analyzing aerosol extinction
anomalies using the CALIOP data, the monthly climate mean serves as the background
field for elimination, potentially leading to larger aerosol extinction near the surface. As
the MERRA-2 and CALIOP data employ different background fields for elimination, some
differences in the performance of dust vertical distribution are observed. Nevertheless, the
overall results indicate that aerosol extinction over the basin exceeds the monthly climate
average, confirming active dust events during the SDAP.

3.3. Near-Surface Meteorological Factors

The distribution of dust emission anomalies provided by MERRA-2 is shown in
Figure 4. Analysis of the 10 m actual wind field reveals a consistent northeast wind pattern
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in the basin during two periods of dust activity. However, the northeasterly winds during
the SDAP are notably stronger than those during the SDIP. Dust emissions are largely
dependent on wind patterns. The primary wind source areas in the TD are the eastern
narrow entrance and the southern edge, and the highest frequency occurs in the eastern
narrow entrance of the TD near Lop Nor [71]. The spatial distribution of dust emission
aligns with the wind field, as the dust emission anomaly extends from the eastern entrance
toward the center of the basin, with the highest anomaly value near the entrance of the
Tarim basin. Correspondingly, the distribution of the dust activity anomalies also reflects
the dust emission pattern, with a clear increase in dust emissions during the SDAP and a
decrease during the SDIP.
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Xiao, Zhou, and Liao [37] suggested that strong winds are the direct cause of dust
storms in the Taklimakan region, based on site observation data. Additionally, if the surface
sensible heat flux increases, the near-surface air temperature rises, which increases the
near-surface turbulence and makes the air instability increase, which is conducive to the
strengthening and persistence of dust weather [46,47,72,73]. In this study, we examined
three primary factors influencing dust emission and investigated the differences between
the SDAP and SDIP (Figure 5).

During the SDAP, the entire basin experienced abnormal northeasterly winds at
the 10 m level, accompanied by positive wind speed anomalies. The SDIP exhibited
opposite conditions. These differences in the wind field clearly contribute to the dust
activity difference. Moreover, it was noted that the negative abnormal area of soil moisture
corresponds clearly with the area of dust emission, indicating that dry soil cooperates
with strong winds, making dust more active. The temperature distribution of 2 m shows
that during the SDAP, the near-surface temperature is significantly higher than the daily
climate average, meaning that stronger turbulence makes the blown dust mix in the air.
The anomalies observed in these near-surface meteorological elements during the SDAP
indicate that dust is more easily blown up from the surface and remains airborne. In
contrast, the SDIP is characterized by abnormal southwest wind, evident weakening of
easterly winds near the surface in the basin (Figure 2), noticeably lower near-surface
temperatures than the daily climate state, and increased soil moisture. These conditions are
clearly unfavorable for dust emission, defining the dust inactivity period.
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Figure 5. Composite results of (a) 10 m UV anomaly, (c) 2 m air temperature anomaly, and
(e) soil moisture anomaly during SDAP from NCEP spanning from 2000 to 2020; correspondingly,
(b,d,f) represent the composite results for SDIP, utilizing the same variables as (a–c), respectively.

3.4. Effect of South Asian High on Summer Dust Activity

Changes in near-surface circulation are regulated by the upper-level circulation system.
To examine the role of the SAH in dust activity, the 200 hPa geopotential height, wind field,
and divergence field anomalies were analyzed for the two dust active states (Figure 6).
Analysis of the actual geopotential height field (contours in Figure 6) reveals that the SDAP
and SDIP correspond to the western mode and eastern mode of the SAH, respectively. The
geopotential height anomaly also exhibits opposite phases. During the SDAP, positive
geopotential height anomalies are observed in the basin and its southwest direction. In
contrast, during the SDIP, the positive geopotential height anomalies transition to negative
anomalies from the basin to the Iranian Plateau (IP). The composite results of the actual
geopotential height field further indicate that the SAH center during the SDAP is located
near the IP, with a latitude range of 50◦–80◦E encompassing the 12,560 contour, while
during the SDIP, the SAH center is situated near the TP, with a significantly reduced range
for the 12,560 contour.

During the SDAP, the SAH assumes an IP mode, leading to the formation of an intense
upper-level divergence over central Asia, centered around 42.5◦N and 75◦E (Figure 6c) [74].
This upper-level divergence anomaly promotes ascending motion anomalies over the basin
(Figure 7a,b). As air rises from the basin, fresh air is drawn in from the entrance of the
basin, thus strengthening near-surface northeasterly winds (Figure 5). Supported by the dry
underlying surface, more dust particles are carried into the air, and the high near-surface
temperatures enhance turbulent mixing, resulting in extreme dust events in the TD.
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Figure 6. (a,b) Composite results of 200 hPa geopotential height (HGT) anomalies (shaded) and
actual geopotential height (HGT) (contour) for the SDAP (left) and SDIP (right) from 2000 to 2020.
(c,d) Composite results of 200 hPa DIVergence (DIV) anomalies (shaded) and UV anomalies (vectors)
for the SDAP (left) and SDIP (right) from 2000 to 2020. The contour lines for HGT are 12,500, 12,520,
12,550, 12,560, and 12,567, from outer to inner.
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Figure 7. Composite results of zonal (left) and meridional (right) distribution of the ω anomaly
(shaded in (a,b)) and the U anomaly (shaded in (c,d)) during SDAP from 2000 to 2020. The contours
represent the actual ω and U fields, respectively. The zonal (meridional) distribution is averaged over
the range of 38◦–42◦N (75◦–85◦E); the solid line indicates regions of downward motion or eastward
motion; the green dotted line represents the desert range (77◦–90◦E, 38◦–42◦N).
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In addition, a pair of cyclone–anticyclone anomalies corresponding to the SAH is
observed at 200 hPa, with an abnormal anticyclone in the west and an anomalous cyclone
in the east. The TD is situated at the northern edge of the abnormal anticyclone, resulting
in intensified westerly winds over the basin (Figure 7c,d). The composite analysis reveals
westerly winds during the SDAP exceeding 32 m/s, indicating a higher likelihood of WJ
formation. Previous research by Banerjee et al. [75] has emphasized the significance of
the strength and the positioning of the upper-level jet stream in influencing surface-level
easterlies. Strengthened westerly winds enhance the dust’s transport capacity downstream.
Thus, when the SAH is in the IP mode, both the upward motion and upper-level westerly
winds intensify over the basin, promoting the development of the WJ. These enhanced
upward motions and westerly winds augment the dust’s potential to rise to higher altitudes
and facilitate its long-distance transport to the plateau or over long distances.

However, the circulation field anomaly in the SDIP exhibits a complete opposite
pattern compared with the SDAP. During the SDIP, there is a negative divergence anomaly
over the basin (Figure 6d), which hampers the upward motion within the basin (Figure 8).
Consequently, the surface wind speed experiences a significant weakening. Additionally,
the soil moisture in the SDIP is not excessively dry, which inhibits dust emission. Moreover,
the basin is located on the northeast side of the anomalous cyclone, resulting in abnormal
easterly winds over the TD and a weakening of the westerlies. The composite meridian
distribution of U-wind shows that the center of westerlies in the SDAP is located at 42◦N
and 200 hPa, and it is noticeably weaker than that during the SDAP. The composite result
indicates westerly winds in the SDIP of less than 28 m/s (Figure 8). Although an upward
motion is still prevalent in the basin, it is evidently weakened, suggesting that the dust may
not be elevated very high after being discharged. Furthermore, the upper-level westerly
winds are significantly weakened, reducing their ability to transport dust eastward.
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4. Conclusions

The dust activity in the TD plays a crucial role in the plateau climate, as well as the air
quality and precipitation in the downstream region. Summer exhibits significant variations
in TD dust activity, yet the influence of large-scale circulation on summer dust activity
has received limited attention. Therefore, this study focuses primarily on dust activity in
summer. In this study, the dust activity in the TD during summer was divided into two
states by utilizing the DOD from MERRA-2. In terms of the horizontal distribution, the
DOD distribution from MERRA-2 and MODIS in these two states had a good consistency.
For the vertical structure of dust, the dust mixing ratio from MERRA-2 was employed,
and its authenticity was verified by comparing it with the vertical distribution of aerosol
extinction from CALIOP. The extreme dust activity was defined by reanalysis data, while
there was good agreement between the reanalysis and the satellite observation data in
terms of the horizontal and vertical distribution of dust. This confirms the significance and
reliability of the dust activity classification. The main circulation characteristics affecting
dust activity can be characterized by compounding the circulation in these two states of
dust activity.

By comparing the circulation patterns during two periods, the mechanism of dust
events under the circulation controlled by the SAH was revealed. It was observed that
the SAH, in different modes, not only directly impacts the vertical movement of the basin
but also influences the strength of the west wind over the basin, thereby affecting the
intensity of the WJ. When the SAH is of the western mode (with the center located over
the IP), strong divergence areas form near 42.5◦N and 75◦E, with the basin positioned
on the northern side of the anticyclones. On the one hand, the upper-level divergence
induced by the SAH significantly enhances the ascending motion over the basin, regulating
the intensity of low-level easterly winds. Consequently, the dust is more active during
the SDAP. On the other hand, the westerly winds over the basin are strengthened by the
anomalous anticyclone, which is conducive to the generation of the WJ. The amplified
upper-level westerly wind enhances the transport capacity of TD dust. TD dust in the
SDAP has more potential to affect the downstream area. Conversely, when the SAH is of
the eastern mode (with the center located over the TP), a negative divergence anomaly
emerges over the basin, resulting in a weakened ascending motion. The ability of dust to be
lifted into the westerlies is reduced. More dust may be redeposited in the TD. Meanwhile,
the basin is situated on the northern side of the anomalous cyclone, further diminishing
the capability of upper westerly winds to transport dust downstream.

The findings of this study indicate that the SAH exerts a significant influence on dust
activity in the TD. The impact of large-scale circulation patterns on the occurrence of dust
events may open a pathway for us to forecast extreme dust events. The high predictability
of the SAH and its regulating effect on dust activity is helpful to enhance our understanding
of the influence of large circulation fields on dust activity and provides a way to improve
the prediction of extreme dust events and heavy precipitation in East Asia.
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