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Abstract: Multiple mesoscale vortices often coexist or alternate in the process of torrential rainfall in southwest

China. The southwest vortices and its closely related mesoscale vortices (if any) which occur during the same

period is defined as the southwest vortex group in this article. The southwest vortex group include both traditional

southwest vortices and general mesoscale vortices. Based on ERAS5 reanalysis data and precipitation data obtained

by an automatic observation station, a torrential rainfall event occurs from 12-14 August 2020 (Coordinated

Universal Time, the same below) was studied, wherein southwest vortex group is found. The results show that: a



total of 16 mesoscale vortices were found (numbered Vortex I-Vortex XVI), which were the dominant weather

system for this torrential rainfall event. Among southwest vortex group, Vortex I, Vortex Il, Vortex 1V and Vortex

XV1 are southwest vortices, and others are general mesoscale vortices. The large-scale background is conducive to

this event, mainly manifested as strong upper-level divergence which related to the South Asia High, a middle-

tropospheric warm advection which related to a Westerlies shortwave trough, and a vigorous southwesterly low-

level jet which brought abundant water vapor and caused a strong low-level convergence. Vortex | and Vortex Il

are both southwest vortices and the main members of the southwest vortices, which are characterized by long life

span, deep vertical extension, and strong related precipitation. The thermal structures of the two are significantly

different, with cold and warm core structures, respectively. Most of the air particles that formed Vortex | and

Vortex Il were sourced from the lower troposphere. Within 5 to 7 hours before their formation, the air particles

significantly ascend, accompanied by strong precipitation processes. The vertical stretching caused by

convergence makes the cyclonic vorticity increasing significantly, while the tilting effect decreasing the cyclonic

vorticity. Air particles from the Yunnan-Guizhou Plateau made the larger contribution of cyclonic vorticity than

which from the Tibetan Plateau. Vorticity budget shows that there are significant similarities and differences in the

factors that dominate the evolution of Vortex | and Vortex Il. Vertical stretching due to convergence and vertical

advection of cyclonic vorticity due to convection, are the most favorable factors for the generation, development,

and maintenance of the Vortex I, whereas tilting effects and horizontal advection dominate its extinction. For

Vortex 1l, convergence and vertical advection are also the favorable factors for its generation, whereas the

horizontal and vertical advection of cyclonic vorticity are the dominant factors of its maintenance, during its

demise period, except vertical advection other factors all accelerated the dissipated.

Keywords: Mesoscale vortex; southwest vortex; torrential rainfall; Sichuan Basin; Vorticity budget
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Figure 1 (a) Accumulated precipitation from 15:00 UTC 15 to 02:00 UTC 14 August (units: mm, color shadings). Gray shadings denote
terrain height (units: m). (b) Hourly precipitation (100-110E, 26-35<N) (bar, units: mm), and 95th percentile value (red line, units: mm).
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Figure 2. 8-h accumulated precipitation observed by the automatic station from 12 to 13 August 2020 (units: mm, color shading dots): (a)
15:00 UTC 12 to 23:00 UTC 12 August. (b) 23:00 UTC 12 to 07:00 UTC 13 August.

(c) 07:00 UTC 13 to 15:00 UTC 13 August. (d)

15:00 UTC 13 to 23:00 UTC 13 August. Gray shadings denote terrain height (units: m).
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Figure 3 Background field distribution at 12-h intervals from 09:00 UTC 12 to 09:00 UTC 13 August 2020. (a-c) 200 hPa geopotential

height (solid black line, units: gpm), temperature (red line, units: °C), wind field (wind bar, one a full bar represents 10m/s), divergence

(shading, units: 10° ™). (d-f) 500 hPa geopotential height (solid black line, units: gpm), temperature (red line, unit: ©C), wind field

(wind bar, a full bar represents 4m/s), temperature advection (shading, units: 10° < $), the brown solid lines denote trough. (g-i) 850

hPa potential height (solid black line, units: gpm), temperature (red line, unit: °C), wind field (wind bar, a full bar represents 4m/s),

specific humidity (shading, units: g kg™).
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Figure 4 (a) Trajectories and height (color shadings, units: m) for the target particles drawn every 100. (b)Values of E-P (color shadings,

units: mm). (c) Contribution of air mass and water vapor in each region (units: %); (d) Water vapor budget in each region.
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Figure 5 Streamline field and vorticity (shading, units: 10 s) of Vortex 1 to Vortex XVI in the central level: (a) The average streamline

field of Vortex | at 700 hPa from 15:00 UTC 12 to 04:00 UTC 13 August; (b) The average streamline field of Vortex Il at 825 hPa from

18:00 UTC 12 to 04:00 UTC 13 August; (c) The average streamline field of Vortex 11 at 900 hPa from 18:00 UTC 12 to 19:00 UTC 12

August; (d) The average streamline field of Vortex IV at 700 hPa from 21:00 UTC 12 to 22:00 UTC 12 August; (e) The average

streamline field of Vortex V at 400 hPa from 23:00 UTC 12 to 06:00 UTC 13 August;(f) The average streamline field of Vortex V1 at 550

hPa from 13:00 UTC 06 to 13:00 UTC 13 August;(g) The average streamline field of Vortex VII at 500 hPa from 07:00 UTC 13 to 08:00

UTC 13 August;(h) The average streamline field of Vortex VIII at 500 hPa from 10:00 UTC 13 to 13:00 UTC 13 August;(i) The average

streamline field of Vortex 1X at 500 hPa from 10:00 UTC 13 to 12:00 UTC 13 August;(j) The average streamline field of Vortex X at 450

hPa from 11:00 UTC 13 to 12:00 UTC 13 August;(k) The average streamline field of Vortex XI at 300 hPa from 11:00 UTC 13 to 14:00

UTC 13 August;(l) The average streamline field of Vortex XII at 500 hPa from 12:00 UTC 13 to 15:00 UTC 13 August;(m) The average

streamline field of Vortex XII1 at 600 hPa from 14:00 UTC 13 to 16:00 UTC 13 August;(n) The average streamline field of Vortex XIV at

450 hPa from 14:00 UTC 14 to 16:00 UTC 13 August;(0) The average streamline field of Vortex XV at 400 hPa from 13:00 UTC 13 to

19:00 UTC 13 August;(p) The average streamline field of Vortex XVI at 700 hPa from 13:00 UTC 13 to 14:00 UTC 13 August;
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Figure 6 (a) Accumulated precipitation of 16 members of the Southwest vortex group (color shading dots, units: mm) and tracks of 16

Southwest vortices (black line). (b) The proportion of accumulated precipitation of 16 members of the Southwest vortex group to regional

accumulated precipitation (color shading dots). Gray shadings denote terrain height (units: m).
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Figure 7 (a) Vortex | accumulated precipitation (color shading dots, units: mm). (b) The proportion of Vortex | precipitation exceeding
15mm in total precipitation (color shading dots). (c) Vortex Il accumulated precipitation (color shading dots, unites: mm). (d) The
proportion of Vortex Il precipitation exceeding 15mm to total precipitation (color shading dots,). The black dots represent the Southwest

vortex center, gray shadings denote terrain height (units: m).
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Figure 8 From 03:00 UTC 12 to 03:00 UTC 13 August, vortex I-averaged (a) vorticity (shading, units: 10®° s™). (b) Divergence (shading,
units: 10° s™). (c) w (shading, units: m s). From 06:00 UTC 12 to 01:00 UTC 14 August, vortex l1-average (d) vorticity (shading, units:

10°s™). (e) Divergence (shading, units: 10° s™). (f) w (shading, units: m s™) (Solid black lines indicate the top and bottom levels of the



Southwest vortex. The vertical gray solid line divides the life span of the vortex). (g) Streamline field and vorticity (shading, units: 10° s™)
at 700 hPa on 2100 UTC 12 August 2020. (h) The vertical profile of the potential vorticity (shading, units: PVU), relative humidity (solid
black line) along the solid black line, the gray shaded area with terrain above 3000 m in height, and the purple rectangle represents the

key region of Vortex | and Vortex I1. (i) The temperature deviation (shading, units: <C), % (black line, units: K hPa™) along the
vertical profile of the solid black line, the gray shaded area with terrain above 3000 m in height, and the purple rectangle represents the

key region of Vortex | and Vortex 1.
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Figure 9 (a) Illustrates the three-dimensional trajectories that featured cyclonic vorticity at the time when the Vortex | formed. Purple dots

marked the positions of air particles 24 hours before the formation, black dots marked the positions of air particles at the time of

formation, and vorticity (color shadings, units: 10° s™). (b) The initial (red hollow circle) and final (red solid circle) positions of 326

cyclonic tracks associated with the formation of Vortex I, the initial (green hollow rectangle) and final (green solid rectangle) positions of

79 anticyclonic tracks associated with the formation of Vortex I, and the purple rectangle is the key region of Vortex I. (c) Clustering

results of 326 cyclonic tracks related to Vortex | formation (solid line), with solid points representing the initial location of the tracks (red

represents formed at the low level, blue represents formed at the middle level, and green represents the formed at the high level). Gray

shadings in (a-c) denote terrain height (units: m). (d-f) Vorticity along the low-level cyclonic trajectories (units: 10°° s™), heights (units:

m), and specific humidity (units: g kg™) which from south of the key region. (g-i) Vorticity along the low-level cyclonic trajectories (units:

10° s), heights (units: m), and specific humidity (units: g kg™) which from south of the key region. (j-I) TIL, STR, TOT along the low-

level cyclonic trajectories (units: 10° s?) from the south of the critical area. (m-0) TIL, STR, TOT along the low-level cyclonic

trajectories (units: 10 s%) from the north of the critical area.
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Figure 10 (a) Ilustrates the three-dimensional trajectories that featured cyclonic vorticity at the time when the Vortex 1l formed. Purple

dots marked the positions of air particles 24 hours before the formation, black dots marked the positions of air particles at the time of

formation, and vorticity (color shadings, units: 10° s™). (b) The initial (red hollow circle) and final (red solid circle) positions of 151

cyclonic tracks associated with the formation of Vortex Il, the initial (green hollow rectangle) and final (green solid rectangle) positions of

41 anticyclonic tracks associated with the formation of Vortex 11, and the purple rectangle is the key region of Vortex IlI. (c) Clustering

results of 151 cyclonic tracks related to Vortex 11 formation (solid line), with solid points representing the initial location of the tracks (red

represents formed at the low level, blue represents formed at the middle level, and green represents the formed at the high level). Gray

shadings in (a-c) denote terrain height (units: m). (d-f) Vorticity along the low-level cyclonic trajectories (units: 10°° s™), heights (units:

m), and specific humidity (units: g kg™) which from south of the key region. (g-i) Vorticity along the low-level cyclonic trajectories (units:

10° s), heights (units: m), and specific humidity (units: g kg™) which from south of the key region. (j-) TIL, STR, TOT along the low-

level cyclonic trajectories (units: 10 s?) from the south of the critical area. (m-0) TIL, STR, TOT along the low-level cyclonic

trajectories (units: 10 s%) from the north of the critical area.
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s-2): (a) STR term. (b)TIL term. (C)VAV term. (d)HAV term. (e)TOT term. (f)LT term.
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