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Causes Analysis of the Southwest Vortex Extremely
Heavy Rainfall on 21 July 2012
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Abstract: Based on conventional observation data, ECMWF analysis field data, regional automatic station
data, Doppler radar data, and the products of SWAN etc. the southwest vortex rainstorm process on 21
July 2012 and extreme short-time severe rainfall observed at Panlong Station in the process are analyzed.
The results indicate that: the rainstorm is triggered by surface cold air which contributes to the develop-
ment of convergence ascent movement in the east of the southwest vortex and upper-level divergence with
the backgroud of northern trough and southern vortex. The intrusion of cold air from the west of the
southwest vortex, which is also the important factor for the formation of surface convergence line, is the
direct cause of the formation of 925 hPa cold front with “S” pattern. Extreme short-time severe rainfall oc-
curs in the north to the middle part of mesoscale rainbelt that is in the east of southwest vortex combining
with surface convergence line, and meanwhile, TBB reaches the lowest in the center of MCC when the

rainfall is the most intensive. The radar echoes show that the intersection of air in the two sides of south-
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west vortex advances the formation of B meso-scale cyclonic circulation. The low-level jet stream provides

plenty of water vapor and energy conditions for the severe precipitation and reinforces vertical wind shear

between middle and lower levels, contributing to the development and sustainment of heavy precipitation

supercell storm. The extreme short-time precipitation of Panlong Station results from the sustainable de-

velopment of meso-§ scale cyclonic circulation associated with deep meso-cyclone near the center of meso-j3

scale cyclonic circulation in southwest vortex.

Key words: southwest vortex, extremely severe rainfall, meso-cyclone, heavy precipitation supercell storm
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(a) analysis of water vapor and frontogenesis [green shaded: 700 hPa specific humidity equal to or greater

than 13 g « kg~ '; blue shaded: 850 hPa specific humidity equal to or greater than 18 g « kg~ !; red shaded: 925 hPa
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(b) K index (bold black line:intensive belt of K index in warm region)
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Table 1 Changes of several physical quantities in Chongqing at 08:00 and 20:00 BT 21 July 2012

PWV/mm

i} [5] SI CAPE/] « kg™!'  w_cape/m =+ s ! CIN/] « kg™ ! LFC_P/hPa
08 i 0.58 496. 2 31.5 311.3 517.1 46
20 B} —2 3202 80 73.6 789.5 57
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Surface convergence line and hourly rainfall analysis from 20:00 BT 21

to 01:00 BT 22 July 2012

(color shaded: hourly rainfall, unit: mm; bold dot dashes: surface convergence line;

thick black arrows: main direction of stream; black contours: sea level pressure, unit: hPa;

bold black words: rainfall center)
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Fig. 8 Mosaic reflectivity of CAPPI and COTREC wind barb display at the height 3 km.
and products of SWAN, in 21:42—23:48 BT 21 July 2012 including Chongqing, Chengdu,

Yibin, Dazhou, Nanchong, Wanzhou and Qianjiang radar stations

(black arrow lines: significant streamline; brown lines: inverted trough or shear line)



1538 A

% 939 %

CH R« e 5 B IR T D
Fig. 9 Time series of composite reflectivity images of Chongqing CINRAD-SA
in 21:42—23:23 BT 21 July 2012

(white circle; location of Panlong., black line: bow echo)
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Fig. 10 Chongqing radar PPI images of Doppler velocity at 2. 4° elevations in 22:18—22.:59 BT 21 July 2012
(thick circles: meso-cyclone, thin circle: shear ralated three dimensions according to WSR-88D algorithm. and

black line of EF and GH, LM and PK are tracks of the cross-sections in Fig. 11 and Fig. 12 respectively)

Bl 11 2012 4E 7 J] 21 A 22,18 FHH B HIE & GHITHE #6542 WLIE 10a)
(a) GH #ZM R4T 2 H 7018 , (b) GH M £k i 1% 1 38 & 3 1
(o) EF BLM R REFHIM, (D EF 20042 3 B &)
Fig. 11 Vertical cross sections of Chongqing radar along lines of GH

and EF in Fig. 10a at 22.:18 BT 21 July 2012

(a, ¢) reflectivity cross section, (b, d) radial velocity cross section
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Fig. 12 As in Fig. 10, but along the lines of LM and PK
in Fig. 10f at 22.47 BT 21 July 2012
(a, o) reflectivity cross section, (b, d) radial velocity cross section
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Fig. 13 Mesoscale system structure
of southwest vortex
(D: southwest vortex; light gray shaded area:
MCC; gray shaded area: meso-f scale
convection system; arrows: 700 hPa streamline;
low level jet stream on the south side of it;
dotted line: the central area of meso-§ scale
cyclonic circulation; dark point; heavy

precipitation supercell storm)
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