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Vortex Heavy Rain Events in North China

ZHANG Xidi'?, HU Yi!, ZHANG Fang', JIN Shuanglong?, FU Jiaolan', HAO Ying*,
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Abstract By multiple observations and ERA-5 reanalysis data, the characteristics and causes of
two low vortex heavy rain events in North China between July 11-13, 2021 (event 1) and July 19-
21,2016 (event 2) are analyzed. Results show that both of these two events occurred under similar
background circulations: the eastward movement and strengthening of south Asian high, the
westward and northward movement of subtropical high, the eastward and northward movement and
development of mid-latitude vortex, and the stable maintenance of downstream high pressure dam,
but event 1 was inferior to event 2 in terms of accumulated rainfall, rainfall intensity, influence area,
duration and extremity. The low-level jets (LLJ) were different in these two events. In event 1,
southwest wind dominated the LLJand mainly located to the south of the low vortex. Whereas in
event 2, not only was the southwest jet stronger, but the easterly jet to the north side of the vortex
was more significant . Under the effect of topography at the eastern foot of Taihang Mountain, the
easterly jet produced heavier precipitation. The vortex intensity, structure and path of the two events
were obviously different. The vortex in event 1 was shallow, which positive vorticity mainly located
in the middle and lower troposphere. It moved faster in the late stage of event 1,northward along
Taihang Mountain and dissipated in north Hebei eventually. However, the vortex in event 2 was

deeper, and rarely moved in southwest Hebei until dissipated. The stage characteristics were also
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different. In the first stage, low-level convergence of event 1 mainly occurred in south Shanxi and
north Henan near the vortex center, while convergence of event 2 mainly occurred at the junction of
easterly jet and terrain on the north side of the vortex in west Hebei. In the second stage, these two
events both presented low vortex spiral-shaped convective rainbands which look like spiral
rainbands in typhoon, and it mainly appeared to the east of the low vortex in event 1, whereas to the
north of the low vortex in event 2. This may be due to the different distribution of the curl of
horizontal vorticity, differential vertical vorticity advection, warm advection and diabatic heating.
In the third stage, the vortex of event 1 moved to the northern part of North China, and the strong
convergence under unstable environment and topographic lifting near the vortex center produced
heavy rainfall. However, the vortex of event 2 still located in west Hebei. Although the warm shear
convergence on the northeast side of the vortex was not strong as that in event 1, the convective
unstable stratification was deeper, resulting in stronger vertical upward movement and stronger
rainfall. These conclusions are helpful to understand the spatial and temporal differences between
the two heavy rain events and their possible reasons.

Keywords North China low vortex heavy rain, vortex structure, orographic precipitation, spiral-

shaped convective rainband, convective instability
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Fig.1 Accumulated rainfall distribution (shading, unit: mm). (a) 0000 LST 11 to 0800 LST 13 July
2021; (b) 0000 LST 19 to 0800 LST 21 July 2016. yellow squares are Changzhi (CZ), Binzhou

(BZ), Qinhuangdao (QHD) in (a), and Linzhou (LZ), Jingxing (JX) and Beijing (BJ) in (b).
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Fig.2 (a)- (b) Rainfall duration (unit: h); (¢)- (d) occurrence number of rain intensity larger than
20mm/h; (e)~ (f) largest rain intensity (unit: mm/h). Left column: event 1, right column: event 2.
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Fig 4 Time variation of hourly rainfall. (a). (b). (c) mean representative stations of each stage in

event 1, (d). (e). (f) mean representative stations of each stage in event 2.

3 SEPEIKALEXTEL 534
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