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An Analysis on the Southwest Vortex and Its Environment Fields during Heavy
Rainfall in Eastern Sichuan Province and Chongqing in September 2004
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Abstract Based on the 6-hour-interval reanalysis data with 1. 0°>X 1. 0° resolution from NCEP/NCAR, station ob-
servational data and so on, the environment fields and the influencing systems of the heavy rainfall during 2 - 8 Sep-
tember 2004 are analyzed. The results show that there are 3 stages during the heavy rainfall, and there exist two
main rainy influencing systems in the first and third stages, the main rainy influencing system is the low level shear
lines; in the second stage, the southwest vortex, which is the low pressure or vortex to the east of the Tibetan Plat-
eau in the lower troposphere, is the main rainy influencing system, and in the second stage, both the precipitation
and the range of rainfall reach the maxima. In earlier stage, the southwest vortex is a meso-8-scale system, then it
develops, and its diameter reaches 200 = 500 km, which belongs to the meso-o-scale system. It appears at 0000 UTC
4 September and disappears at 0600 UTC 6 September. It lasts 54 hours.

In this paper, the heavy rainfall related to the southwest vortex is studied, and results indicate that the special
terrain of eastern Sichuan, the trough at 500 hPa and the vortex at 700 hPa in the lower troposphere could be all fa-

vorable conditions contributing to the formation and maintenance of the southwest vortex; there are twenty rainy
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clusters during the heavy rainfall; it implies that mesoscale system is the direct influencing system; the result of the

moisture budget computation shows that the water vapor could come from the low-latitude tropical region.

Key words southwest vortex, upper level trough, low level shear line, mesocale rainy cluster, subtropical high
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Table 1 Rainy clusters in the heavy rainfall area in northeastern Sichuan Province and Chongqing during 2 - 6 Sep 2004
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UTC 4 Sep; (e) 0600 UTC 5 Sep; (f) 0600 UTC 6 Sep. The shaded areas are the terrains above 1500 m, the solid lines are shear lines, and

A stands for anticyclone
FE. 700 hPa P& oL 582501, ZEKI9b . 4 H 00 ANBHE. Tif 4 H 18 B 850 hPa F1 700 hPa iy
W, BARA S KRS D TEE RV, B KFERERAE LT LES], HHBUE K 0
B 5a, d ATHL, 4 H 00 I ~4 H 06 Bf iz BRI faE TR (& 9c. D,



6 X EHESSE . 2004 4 9 F )13 DR 25 T 200 ) W g AV b 4 4 B LR B8 37 14 20 A
No. 6 ZHAO Si-Xiong et al. An analysis on the Southwest Vortex and Its Environment Fields during Heavy ... 1067

40°N o r 40N
SN~ oz
S ;
38°N \\:‘§\=}§§‘“‘( f 38°N
36°N \\ ' 36°N

34°N
32°N

i i

[ !
| |
% 8
2 ‘

G -

““
/:
19

90°E  96°E  102°E  108°E  114°E  120°E
40°N = . - 33°N
38°N
36°N 32°N 1
34°N y A
]
] Al .
32°N 9 E% 31N
| )
30°N ) Jrf. " ]
o @Y
28°N y " ) m—i‘,«'ﬁ ‘5 30°N
26°N 0] l
(N
24°N 29°N 1
1
22°N1,
| T T T T T T T T . T T T T T T T T T
96°E  102°E  108°E  114°E  120°E 103°E  104°E  105°E  106°E  107°E  108°E
100 100
(e) ®
200 200
300 300
400 400
s 500 s 500+
= =
=600 6001
700 7001
800 800
900 900
1000 1000
-3 —2 -1 0 1 2 =12 —08 —04 0 04 038
Thermal advection/10”°K 5! APE/10™]-hPa!-s™!

B8 9H 3H 188 PYm MR L BLAT 6 /NI B : 850 hPa il (a, A: RAJE, B: ANE, ML YIEL) . WY (b, Hifi. 107°
s D) RaEEEE (¢ Hfi: 10 °hPa/s); (d) 500 hPa B (L. 1071057 2) 5 PERIAGIHS O P SR BE P (o) KA B fE
(APE) #li& (D, C. BN 850 hPa; B3 FELAT 1500 m fY XI5

Fig. 8 Various meteorological parameters at 1800 UTC 3 Sep 2007 (a) Streamline field (A is anticyclone, C is cyclone, thick solid line is
shear line), (b) vorticity (107°s™!) field and (c) vertical velocity (107*hPa/s) at 850 hPa (the shaded area is the terrain higher than 1500
m); (d) vorticity advection (1071s72) at 500 hPa; area-averaged (e) thermal advection and (f) available potential energy (APE) produced

by temperature advection in the southwest vortex region (point C stands for 850 hPa)
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Fig. 9 Related parameter distributions during the southwest vortex formation period: Divergences of moisture fluxes (1073 kg s m™2 « s

hPa 1) (a) at 850 hPa at 1800 UTC 3 Sep. (b) at 700 hPa at 0000 UTC 4 Sep. (c) at 850 hPa at 1800 UTC 4 Sep, (d) at 700 hPa at 1800

—9

UTC 4 Sep; area-averaged vertical velocity in the central part of the southwest vortex at 850 hPa (e) and vorticity vertical advection (10

s~ 2) at 700 hPa (f) at 0000 UTC 4 Sep. The shaded areas at 850 hPa and 700 hPa are the terrains above 1500 m and 3000 m, respectively
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Fig. 10 Vertical cross sections of the southwest vortex and the environmental element fields: (a) Surface pressure (hPa) field and (b) sur-

face streamline field observed at 0000 UTC 5 Sep; vertical cross sections of geopotential height deviation (gpm) (c) along 30. 5°N, at 1800
UTC 4 Sep and (d) along 105. 5°E at 0600 UTC 5 Sep (the shaded bars are the terrains)
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Fig. 11
105. 5°E at 0000 UTC 5 Sep. The shaded bars are the terrains
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Fig. 12 The moisture fluxes in the area of the southwest vortex at 700 hPa (a) and 850 hPa (b) at 1800 UTC 4 Sep. The isolines show the

magnitudes of the moisture fluxes, and the shaded areas at 850 hPa and 700 hPa are the terrains above 1500 m and 3000 m, respectively
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Table 2 The moisture budget (10*kg/s) from the surface to 200 hPa in the central area of the southwest vortex during the heavy

rainfall in eastern Sichuan Province and Chongqing in Sep 2004
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Fig. 13 The vertical profiles of horizontal advection (a) and vertical advection (b) of area-averaged vorticity in the central area of the south-

west vortex: (a) 0000 UTC 5 Sep; (b) at 1800 UTC 4 Sep
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Fig. 1 (a) The geographical characteristics of Sichuan Province and Chongging and the distribution of main cities and counties influ-

enced during the heavy rainfall; (b) the accumulated precipitation (mm) during the heavy rainfall from 0000 UTC 2 Sep to 0000 UTC 7
Sep
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Fig. 6 FY-2 satellite cloud images: (a) 1800 UTC 2 Sep; (b) 1800 UTC 3 Sep; (¢) 1800 UTC 4 Sep; (d) 1800 UTC 5 Sep. (D-® are the

serial numbers of cloud clusters



