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Abstract Based on observation and numerical simulation results, we reveal that
three vortexes, north Plateau Vortex (TPV1), south Plateau Vortex (TPV2), Southwest
Vortex (SWV), develop successively during the disaster-causing rainstorm event in
Southwest China from 5 to 6 August 2019, which lead to the intensification and
eastward propagation of the rainstorm. By utilizing of numerical experiments, the
effects of multi-scale topographic factors (Tibetan Plateau, Hengduan Cordillera and
Sichuan Basin, denoted as TP, HC and SB) on the evolution of vortexes are studied.
The results show that, HC plays a key role in the formation of the SWV, while SB
influences the location and intensity of SWV. As for the propagation of Plateau vortex
(TPV2), The topography of the SB only affects the vortex intensity, but does not
change the propagation path of TPV2. Once HC is removed, the propagation of the
Plateau Vortex disappears. The influence of slope change of the steep terrain at the
boundary between TP and SB on the development of vortex is further analyzed. It
shows that the steeper the slope is, the faster the propagation speed of the Plateau
vortex is, and the stronger the SWV is after the two vortexes (TPV2 and SWV) merge.
Finally, the impact of varied slopes on the evolution of vortex intensity is explained
based on the theory of slantwise vorticity development. As the slope becomes steeper,
the coefficient of slantwise vorticity development (Cp) decreases sharply along the
track of vortex glide. The forcing effect of the local tendency of vertical vorticity
contributes to the rapid intensification of the vortex.

Keywords: Rainstorm, Vortex, Topography, Numerical simulation
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Table 1 Experiment design and description, where TP, HC and SB represent Tibetan
Plateau, Hengduan Cordillera and Sichuan Basin, respectively. And Rs is the terrain

slope coefficient.
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Fig.1 Observed (Left panels, al-el) and simulated (Right panels, a2-e2) 6-hour
accumulative precipitation (colored, unit: mm 6h™) at (a) 00 UTC 5; (b) 06 UTC 5; (c)
12 UTC 5; (d) 18 UTC 5; (e) 00 UTC 6 August 06UTC, 2019. The gray represents

terrain height (unit: m).

36°N
6500

6000
5500
5000
4500
4000
3500
3000

AR SR T00 2500
30°N A T L SICHUAN 2000

PELN ’ 3 g 1500
1000
500

34°N

32°N

28°N

96°E 98°E 100°E 102°E 104°E 106°E

K2 =B shEe. R Ei, REOMALSHRRREERER 1 (TPVI). &K 2
(TPV2). TUR#(SWV)HIEEE.
Fig. 2 The propagation paths of three vortexes. The purple, blue, and black curves

represent the path Plateau Vortex 1 (TPV1), Plateau Vortex 2 (TPV2), and Southwest
vortex (SWV).
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Fig. 3 Various terrain configurations for different numerical experiments in Group 1

simulation in Table 1. (a) Smoothed real terrain; (b) Overall characteristics of the

ideal terrain; (c) Ideal terrains consist of Tibetan Plateau (TP), Hengduan Cordillera

(HC) and Sichuan basin (SB) in IDEAL_ALL run; (d) Ideal terrains of the TP and HC

for IDEAL_TP+HC experiment; (e) Ideal terrains of TP in IDEAL_TP run; (f)

Different topography slopes for Group experiment in Table 1.
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contours, unit: dgpm), temperature (red contours, unit: <C) at 500hPa level based on



GFS data. (a)00 UTC 5; (b) 06 UTC 5; (c)12UTC 5;(d) 18UTC 5;(e) 00 UTC 6; (f) 06
UTC 6 August, 2019.
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Fig. 5 The evolution of simulated relative vorticity (colored, unit: 10° s%),
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Fig. 9 The local tendency and vorticity budget based on vorticity equation calculated
from CNTL run of (a) the northern Plateau Vortex (TPV1), (b) the southern Plateau
Vortex (TPV2), and (c) the southwest Vortex (SWV). Where, Coriolis, Div, Solenoid,
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tilting term, the vertical advection term, the horizontal advection term and residual
term; Vort represents the local tendency of vorticity on the left-hand-side of vorticity

equation.
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Fig. 10 Vorticity (colored, unit: 10°s), terrain (gray contour, unit: m) and

geopotential height (blue contour, unit: dgpm) for (a