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Table 1 Airborne cloud microphysics detection system and main parameters
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Shijiazhuang S-band dual-polarization radar at 11:24 on 28 February, 2021. The red solid line in (a) represents the
aircraft flight track. The black solid, dotted, and dashed lines in (b)~(d) represent the 0 °C isotherm,

-5 °C isotherm, and -18. 3 °C echo top temperature, respectively
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Table 2 Overview of flight temperature inversion layer on February 28, 2021

=34 Ik /C 15 & /m i B TV K 5 UK O FE AR S (r/P)
T2 -17.2~-15.5 5501~5749 11:17:26—11:18:50 —0.298/0. 006

Uz -18.3~-17.2 5752~5917 11:18:51—11:19:51 —0. 063/0. 632

8= -18.5~-17.3 5920~6138 11:19:52—11:20:56 0. 548/0. 000002
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Regulatory mechanism of the inversion layer on the microphysical
environment of aircraft icing within trough-cold front
cloud systems in Hebei Province

Wang Wuyi" > *, Hou Shaoyu™*, Huang Zhaochu®*, Hu Xiangfeng®*, Peng Min™*,
Mai Rong’ *, Lii Feng’*, Cui Yi***, Li Xin**, Li Xiaolong’
(1. JilinField Research Station for Cloud Physics, China Meteorological Administration, Changechun 130062, Jilin, China;

2. Jilin Provincial KeyLaboratory of Weather Modification, Changchun 130062, Jilin, China;
3. Hebei Weather Modification Center, Shijiazhuang 050021, Hebei, China;

4. Taihang-Yanshan Mountains Field Research Station for Heavy Rainfall, China Meteorological

Administration, Xingtai 054000, Hebei, China;

5. Shijiazhuang Meteorological Bureau, Shijiazhuang 050081, Hebei, China)

Abstract: Using airborne detection data from February 28, 2021, combined with MODIS satellite data, ground-
based radar data, and NCEP FNL reanalysis data, this study analyzes the cloud microphysical characteristics of
aircraft icing in central and southern Hebei Province. This icing event was the result of the combined influence of
a low trough cold front, a low-level jet stream, and a surface inversion trough. Vertical detection results reveal
that the cloud system exhibited a three-layer structure overall: the lower layer consisted of mixed-phase clouds
with relatively high supercooled water content, while the middle and upper layers were cold clouds. A tempera-
ture inversion layer observed between 5900 m and 6100 m promoted the accumulation of supercooled water,
with a maximum value of 0. 18 g-m™3 observed at its base. Concurrently, the inversion layer significantly sup-
pressed vertical convective mixing, thereby forming a typical microphysical environment characterized by "abun-
dant liquid water but scarce ice crystals". The aircraft experienced the most severe icing in this region. The proba-
bility distribution of icing, derived using an icing probability algorithm based on MODIS-retrieved cloud top
temperature, cloud optical thickness, cloud effective particle radius, and liquid water path, shows high consis-
tency with the actual aircraft observations. The findings of this study reveal the critical role of the thermal struc-
ture of the inversion layer in regulating the distribution of supercooled water, providing a reference for aircraft ic-
ing warnings in North China.

Key words: aircraft observation; aircraft icing; MODIS; probability of ice accumulation



