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Abstract

Using observational data from NASA’ s 2008-2015 CloudSat satellite products
2B-CWC-RO, 2B-CLDCLASS, 2C-SNOW-PROFILE and surface meteorologi-
cal stations, a comparative analysis was conducted on the macro- and micro-
physical characteristics of clouds during satellite overpasses before and during
snowfall for 21 heavy snowfall events in the area along the Tianshan Mountains
in northern Xinjiang and its surrounding regions. This study divided the re-
search area into the western and central regions along the Tianshan Mountains
in northern Xinjiang. The analysis results indicate: (1) The cloud types before
and during snowfall were mainly stratiform clouds, cumulus clouds, altostratus
clouds, and deep convective clouds. (2) Before snowfall, the mean ice particle
effective radius was distributed between 58.65-67.29 m, the mean ice particle
number concentration was between 41.2-76.5 L-1, the mean ice water content
was between 25.4-135.1 mg - m-3, the mean snow water content was between
28.0-88.0 mg - m-3, and the mean snowfall intensity was between 0.08-0.36 mm -
h-1. (3) The mean values of ice particle effective radius, ice particle number con-
centration, ice water content, snow water content, and snowfall intensity before
snowfall were 2.9%, 6.2%, 34.4%, 36.4%, and 18.7% larger than those during
snowfall, respectively, and the high-value areas were mainly concentrated in the
western region along the Tianshan Mountains in northern Xinjiang.
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Abstract

The CloudSat observational dataset provides an important opportunity to study
snowfall, and numerous investigations have made use of CloudSat for snowfall-
related research. Based on the data of 2B-CLD-CLASS, 2B-CWC-RVOD and
2C-SNOW-PROFILE and the precipitation data of the ground observation sta-
tions, the macro and microphysical properties of the clouds before and during
the snowfall were compared and analyzed in 21 heavy snowfall events in the
northern Xinjiang, China. In the paper, the northern Xinjiang was divided
into the western and the central region along Tianshan Mountains. Firstly,
all the sites which had precipitation reached to heavy snowstorm in 24 hours
were selected in the northern Xinjiang from 2008 to 2015. Then, according to
the specific dates of the snowfall and the latitude and longitude of the sites,
those sites which had CloudSat passed their territory were selected as the re-
search object and there were 21 cases obtained. Out of the 21 cases there were
12 cases with the satellite passing their territories while the snowfall was oc-
curring, and 9 cases with the satellite passing their territories before snowfall.
The distributions of microphysical properties, which include ice effective radius
(IER), ice number concentration (INC), ice water content (IWC), snow water
content (SWC) and snow rate (SR), were revealed through analyzing the clouds,
cloud types of heavy snowfall and the relationship between cloud microphysi-
cal properties and snowfall. Before the heavy snowfall and during the heavy
snowfall, the main cloud types were altostratus clouds, cumulus clouds, nimbo-
stratus, stratocumulus clouds, the convective clouds between altostratus clouds
and deep stratus. The maximum of IER was 296.5 m and the minimum was
28.4 m. The mean of IER of ice cloud was 64.1 m before the snowfall, and
62.3 m in the snowfall. The IER before the snowfall was 7.1% larger than that
in the snowfall. The largest INC is 768.4 L 1, and the values of geometric mean
range of INC were 41.2-76.5 L ! before the snowfall, and 28.1-73.0 L ! during
the snowfall. The values of geometric mean range of IWC of ice cloud were 25.4-
135.1 mg - m 3 before the snowfall, and 12.0-77.7 mg - m 3 during the snowfall.
The largest IWC was 701.8 mg + m 3, and the smallest IWC was 1.0 mg - m 3.
The mean values of SWC and SR were 28.0-88.0 mg+m 2 and 0.08-0.36 mm-+h !
respectively. The mean values of IER, INC, IWC, SWC and SR before the snow-
fall were respectively 2.9%, 6.2%, 34.4%, 36.4% and 18.7% higher than those
during the snowfall. The areas with larger values of the microphysical cloud
properties are mainly concentrated in the western part of northern Xinjiang.
This study had presented a comprehensive analysis of cloud vertical structures
and regional variations before and during the heavy snowfall. The analysis of
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ice effective radius, ice number concentration, ice water content, snow water
content and snow rate also helps understand the artificial snow augmentation.

Keywords: CloudSat; heavy snowfall; macro and microphysical properties;
northern Xinjiang

Main Text

The CloudSat satellite dataset provides valuable observations for studying snow-
fall characteristics. Based on 2B-CLD-CLASS cloud classification data, 2B-
CWC-RVOD cloud water content data, and 2C-SNOW-PROFILE snow profile
data, combined with ground-based precipitation observations, this study ana-
lyzed the macroscopic and microscopic physical properties of clouds during 21
heavy snowfall events in northern Xinjiang from 2008 to 2015.

Northern Xinjiang was divided into western and central regions along the Tian-
shan Mountains. The study first identified all sites that experienced heavy
snowstorms (24-hour precipitation reaching heavy snowfall criteria) in northern
Xinjiang between 2008 and 2015. Then, based on the specific dates of snow-
fall events and the geographic coordinates of observation stations, sites that fell
within CloudSat’ s orbital path were selected as research targets, yielding 21
valid cases. Among these, 12 cases involved satellite overpasses during active
snowfall, while 9 cases involved overpasses before snowfall onset.

Analysis of cloud types revealed that before and during heavy snowfall events,
the predominant cloud types included altostratus, cumulus, nimbostratus, stra-
tocumulus, and convective clouds transitioning between altostratus and deep
stratus. The ice effective radius (IER) exhibited a maximum of 296.5 m and
minimum of 28.4 m. The mean IER for ice clouds was 64.1 m before snowfall
and 62.3 m during snowfall, representing a 7.1% decrease during precipitation
events.

Ice number concentration (INC) reached a maximum of 768.4 L 1, with geometric
mean ranges of 41.2-76.5 L ! before snowfall and 28.1-73.0 L ! during snowfall.
Ice water content (IWC) showed geometric mean ranges of 25.4-135.1 mg - m 3
before snowfall and 12.0-77.7 mg - m 3 during snowfall, with absolute extremes
of 701.8 mg - m 3 (maximum) and 1.0 mg - m ? (minimum). Snow water content
(SWC) and snow rate (SR) exhibited mean values ranging from 28.0-88.0 mg
m 3 and 0.08-0.36 mm - h ! respectively.

Comparative analysis demonstrated that mean values of IER, INC, IWC, SWC,
and SR before snowfall were respectively 2.9%, 6.2%, 34.4%, 36.4%, and 18.7%
higher than those observed during snowfall. Regions with elevated microphysical
property values were primarily concentrated in western northern Xinjiang.

[Figure 1: see original paper]

[Figure 2: see original paper]
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The vertical distribution characteristics of cloud microphysical properties were
analyzed through CloudSat observations. The relationship between cloud macro-
physical structures and microphysical parameters reveals important information
about precipitation mechanisms. The comprehensive analysis of ice effective ra-
dius, ice number concentration, ice water content, snow water content, and snow
rate contributes to improved understanding of natural snowfall processes and
provides a scientific basis for artificial snow enhancement operations.

[Figure 5: see original paper]

The spatial distribution patterns indicate that cloud systems in western north-
ern Xinjiang possess more favorable microphysical conditions for heavy snowfall
development. These findings have significant implications for both weather fore-
casting and cloud seeding operations in the region.

References

[13] ZHANG Xiao, DUAN Ke-qgin, SHI Pei-hong. Cloud vertical profiles from
CloudSat data over the eastern Tibetan Plateau during summer [J]. Chinese
Journal of Atmospheric Sciences, 2015, 39(6): 1073-1080.

[14] ZHONG Shui-xin, WANG Dong-hai, ZHANG Ren-he, et al. Vertical struc-
ture of convective cloud in a cold vortex over northeastern China using CloudSat
data [J]. Journal of Applied Meteorological Science, 2011, 22(3): 257-264.

[15] WANG Shuai-hui, HAN Zhi-gang, YAO Zhi-gang, et al. Analysis of cloud
types and macroscopic characteristics over China and its neighborhood based
on the CloudSat data [J]. Acta Meteorologica Sinica, 2011, 69(5): 883-899.

[16] WANG Xu, ZHANG Jia-wei, MA Yu, et al. Spatial distribution charac-
teristics of microscopic physical properties of heavy precipitation in Tianshan
Mountains [J]. Arid Land Geography, 2016, 39(6): 1153-1161.

[19] DENG Jun-ying. Application of CloudSat in the study of precipitation
clouds [D]. Shanghai: DongHua University, 2014.

[20] ZHAO Jun-rong, GUO Jin-giang. A rare blizzard weather in the middle of
the northern slope of the Tianshan Mountains [J]. Journal of Arid Meteorology,
2010, 28(4): 438-442.

[21] ZHANG Shu-ping, ZHU Cong-wen. Possible causes of circulation anomalies
associated with subsequent snowstorms over the north of Xinjiang during winter
2009 [J]. Chinese Journal of Atmospheric Sciences, 2011, 35(5): 833-846.

[22] LI Ru-qi, TANG Ye. Atmospheric circulation and water vapor characteris-
tics of snowstorm anomalies in northern Xinjiang in 2010 [J]. Plateau Meteorol-
ogy, 2015, 34(1): 155-162.

[23] ZHUANG Xiao-cui, LI Bo-yuan, ZHANG Lin-hai, et al. Heavy snowstorm
characteristics of climatic change in winter in Altay Prefecture [J]. Arid Land
Geography, 2013, 36(6): 1013-1022.

chinarxiv.org/items/chinaxiv-201903.00152 Machine Translation


https://chinarxiv.org/items/chinaxiv-201903.00152

ChinaRxiv [$X]

[24] YANG Lian-mei, LIU Wen. Cause analysis of persistent heavy snow pro-
cesses in the northern Xinjiang [J]. Plateau Meteorology, 2016, 35(2): 507-519.

[25] LTANG Jun, ZHANG Sheng-jun, et al. Characteristic analysis and numeri-
cal simulation of a snowstorm in Dalian Region [J]. Plateau Meteorology, 2010,
29(3): 744-754.

[26] WANG Xu. Cloud structure characteristics in heavy snowfall days in north-
ern Xinjiang using CloudSat satellite data [D]. Shanghai: DongHua University,
2016.

[27] LI Bao-dong, SUN Yu-wen, SUN Xia, et al. Comprehensive analysis of
aircraft artificial precipitation on stratiform clouds in spring over Hebei Province
[J]. Journal of Arid Meteorology, 2014, 32(5): 819-829.

[28] SUN Yu-wen, SUN Xia, LIU Wei, et al. Study of integrated observation
on aircraft artificial operation during a sleet event [J]. Meteorological Monthly,
2015, 41(11): 1341-1355.

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