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Abstract
The Central Asian vortex is a major precipitation system in Xinjiang and Cen-
tral Asian regions. To elucidate the atmospheric precipitation potential under
its influence, this study utilizes AIRS Version 6 Level 2 satellite data during
Central Asian vortex occurrences in the summer half-year from 2003 to 2014
to analyze the inter-monthly variation of the Central Asian vortex precipita-
tion system and the distribution patterns of atmospheric precipitable water for
different path types. The results indicate that: � The southern and northern
vortices of the Central Asian vortex differ significantly in occurrence frequency.
The northern vortex accounts for 68.31% of the total occurrence frequency of
Central Asian vortices, while the southern vortex accounts for 31.69%. Among
these, the occurrence frequency of Central Asian vortices is highest between
July and August. � According to the classification of different paths of the Cen-
tral Asian vortex, the occurrence frequencies of various paths are significantly
different, with the southeastward-moving Central Asian vortex exhibiting the
highest occurrence frequency. � In terms of inter-monthly variation, the over-
all distribution pattern of average atmospheric precipitable water from May to
September shows that the Central Asian region is higher than China’s Xinjiang
region. The Turpan Basin and Tarim Basin regions in Xinjiang are higher than
areas along mountain ranges. � In terms of path types, the distribution patterns
of average atmospheric precipitable water for various paths of the northern vor-
tex are generally similar. Each path features a large-scale high-value region
exceeding 26 mm, while the values for various paths of the southern vortex are
generally lower, mostly below 18 mm. This research will provide a reference for
forecasting and early warning of sudden heavy precipitation events, as well as
for artificial precipitation enhancement in Xinjiang and Central Asian regions.
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Abstract: The Central Asian Vortex is the main precipitation system over Xin-
jiang and Central Asia. Based on AIRS Version 6 Level 2 data from the Aqua
satellite during summer months from 2003–2014, we analyzed the monthly vari-
ation of Central Asian Vortex precipitation and the distribution of atmospheric
precipitable water vapor from different paths to reveal atmospheric precipita-
tion potential. The results showed that: (1) The occurrence frequency of the
South Vortex and North Vortex over Central Asia differed significantly, with
the North Vortex accounting for 68.51% and the South Vortex for 31.69% of
total Central Asian Vortex events. The vortex frequency was highest in July
and August. (2) According to the classification of different vortex paths, occur-
rence frequencies varied markedly, with southeastward-moving Central Asian
Vortexes being most common. (3) Monthly variation analysis revealed that av-
erage atmospheric water vapor distribution from May to September was higher
over Central Asia than over Xinjiang, and higher over the Turpan and Tarim
basins in Xinjiang than over mountainous areas. (4) By path type, the North
Vortex showed similar distribution trends, with large high-value areas (�26 mm)
along the paths. In contrast, water vapor content along South Vortex paths was
low, mostly below 18 mm. These results could inform weather forecasting and
artificial precipitation enhancement efforts in Xinjiang and Central Asia.

Keywords: Central Asian Vortex; precipitable water vapor; moving path; spa-
tial distribution; Xinjiang

2. Data and Methods
The AIRS instrument has a spatial resolution of 13.5 km at nadir and 2.3 km
vertical resolution, with spectral coverage from 3.74–15.4 �m and a swath width
of 1650 km. AIRS Version 6 Level 2 retrieval products provide atmospheric
temperature and humidity profiles with high accuracy. The data used in this
study covered summer months (May–September) from 2003–2014, regridded to
0.25°×0.25° resolution for consistency.

Vortex paths were classified based on their movement trajectories over Xinjiang
and surrounding Central Asian regions. Statistical analysis focused on pre-
cipitable water vapor distribution along different path types, with particular
attention to high-value centers and their relationship to topographic features.
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2.1 Vortex Path Classification

The North Vortex and South Vortex represent two primary circulation patterns.
Path classification considered both zonal and meridional movement components,
with categories including northwestward, northeastward, southeastward, and
southwestward trajectories. The southeastward path showed the highest occur-
rence frequency, accounting for approximately 55% of all vortex events.

2.2 Precipitable Water Vapor Distribution

Spatial analysis revealed distinct water vapor distribution patterns associated
with different vortex paths. For the North Vortex, precipitable water vapor
values exceeded 26 mm along the primary trajectories, particularly over the
Tianshan Mountains and surrounding basins. The South Vortex exhibited lower
moisture content, generally below 18 mm, with maximum values concentrated
in the southern Tarim Basin.

Table 3. Statistical results of precipitable water vapor (mm) for different North
Vortex paths over 12 years

Table 4. Statistical results of precipitable water vapor (mm) for different South
Vortex paths over 12 years

[Figure 3: see original paper]
Fig. 3. Spatial distribution of precipitable water vapor from different North
Vortex paths over Xinjiang and surrounding Central Asia in 12 years

[Figure 4: see original paper]
Fig. 4. Spatial distribution of precipitable water vapor from different South
Vortex paths of Central Asian Low Vortex System over Xinjiang and surround-
ing Central Asia in 12 years

3. Conclusions
(1) During 2003–2014, the North Vortex occurred 97 times (68.31% of total

events), while the South Vortex occurred 45 times (31.69%). The highest
vortex frequency was observed in July and August, coinciding with peak
summer precipitation over the region.

(2) Path analysis revealed significant differences in occurrence frequency. For
the North Vortex, paths 1B and 1C accounted for 31 and 38 events respec-
tively. For the South Vortex, paths 2C and 1C occurred 55 and 28 times
respectively, indicating the dominant southeastward movement pattern.

(3) Monthly variation analysis from May to September showed that precip-
itable water vapor was consistently higher over Central Asia than over
Xinjiang. Within Xinjiang, the Turpan and Tarim basins exhibited higher
moisture content (18–30 mm) compared to mountainous regions. The wa-
ter vapor distribution peaked in July and August, gradually decreasing in
September.
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(4) Path-type analysis demonstrated that North Vortex paths maintained sim-
ilar distribution trends with extensive high-value areas (�26 mm). In con-
trast, South Vortex paths featured lower water vapor content, predomi-
nantly below 18 mm, with localized maxima in basin areas. These charac-
teristics reflect the influence of topographic forcing and moisture transport
mechanisms on vortex development and precipitation potential.
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