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Abstract This paper comparatively analyzes two rainstorm processes in Sichuan Province affected by the Tibetan
Plateau vortex and Southwest vortex based on the ECMWF ERA-Interim reanalysis dataset, the CMORPH data (which is
derived from station observations and satellite retrievals of precipitation), the hourly cloud top TBB (black body
temperature) data of FY-2E and results of the Lagrangian trajectory model HYSPLIT v4.9. Major results are as follows.
(1) The intensity and distribution of precipitation are significantly different in the two heavy rain processes, and the
characteristics of mesoscale convective cloud system showed that MCC (mesoscale convective complex) was triggered in
process one, but not found in process two. (2) During process one, the Tibetan Plateau vortex gradually weakened into a
plateau trough and spread over the Sichuan Basin at 500 hPa. At 850 hPa, the MCC was triggered near the wind
convergence zone. At 200 hPa, the southwest vortex was located to the southeast of South Asia high in an area of strong
divergence below the westerly jet, which contributes to the intensification of the Southwest vortex. For the second
process, however, the Tibetan Plateau vortex was gradually coupled with the southwest vortex, resulting in a stable, deep
system. At 200 hPa, a distinct pumping effect can be found over the Sichuan Basin since it was always located below the
northwesterly flow of the South Asian high. (3) During process one, PV (potential vortex) gradually spread to the east
and the area where PV increased corresponds to strong precipitation area and MCC outburst area, which reflects the basic
consistency between the development of rainstorm and PV. Besides, in the second process, the high PV value zone in the
mid-level moved eastward from the plateau and the high PV was transmitted down to the basin. The coupling of the two
vortices makes the PV value lager than that of each single vortex. Also, this article has confirmed a good relationship
between the distribution of abnormal second-order PV and heavy rain. (4) The main difference between the two processes
is the generation of MCC, which requires an atmospheric condition with strong positive vorticity, strong convergence and
strong ascending movement. And the dynamic conditions in the two rainstorm processes may be opposite before the
formation of MCC. From the thermodynamic perspective, there is an invasion of dry and cold air in process one, and the
large gradient of potential pseudo-equivalent temperature benefits the generation of mesoscale convective system and
causes heavy rain. (5) According to the Lagrangian trajectory model and clustering analysis method, there are two water
vapor channels in process one: the first channel is from the bottom layer of the Arabian Sea and the Bay of Bengal, while
the second channel is from the south of Sichuan at 750 m above the ground. In the second process, there are three main
vapor transport channels. Channel 1 is from the western Mediterranean, Black Sea and Liberia in the layer between 1500
m to 2500 m. Channel 2 is from the bottom of the Arabian Sea and the Indian Ocean. Water vapor of channel 3 is directly
transported to the Sichuan Basin from the bottom of the Bay of Bengal, passing by the Yunnan—Guizhou Plateau.

Keywords Plateau vortex, Southwest vortex, Rainstorms in Sichuan Basin, Comparative analysis, Mesoscale

Convective Complex (MCC), Moisture source
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Fig. 1 24-h accumulated rainfall in Sichuan at (a) 1200 UTC 3 July 2011, (b) 1200 UTC 4 July 2011, (c) 1200 UTC 5 July 2011, (d) 0000 UTC 30
June 2013, (¢) 0000 UTC 1 July 2013, and (f) 0000 UTC 2 July 2013. Shaded areas represent precipitation (units: mm)
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Fig. 2 1-h accumulated rainfall in Sichuan and surrongding areas (top line; units: mm) and TBB (Black Body Temperature) of convective cloud
(bottom line; units: °C) at (a, e) 1700 UTC 4 July, (b, f) 1900 UTC 4 July, (c, g) 2100 UTC 4 July, and (d, h) 0400 UTC 5 July, 2011
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UTC 30 June 2013, and (f) 0600 UTC 1 July 2013. The area covered by fine dots indicates that the terrain altitude is above 3000 m, the black circle

represents the center of the Tibetan Plateau vortex, and the triangular represents the center of the Southwest vortex
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Fig. 5 Wind field (vectors, shaded areas represent high level jet, units: m s™') and divergence [units: 107 s7, solid (dashed) lines represent positive
(negative) values] at 200 hPa: (a) 1800 UTC 2 July 2011, (b) 1800 UTC 3 July 2011, (c) 1800 UTC 4 July 2011, (d) 0000 UTC 29 June 2013, (e)
1800 UTC 30 June 2013, and (f) 0600 UTC 1 July 2013. The black circle represents the center of the Tibetan Plateau vortex, and the triangular

represents the center of the Southwest vortex



K A B %

820 Chinese Journal of Atmospheric Sciences

43 %
Vol. 43

4e), mEWMCARB R, WmEMARE, £
NN R SRR G, SRR S REES
HA—ANEKIAIE RS, 850 hPa L1 fw R X2
TN Hb 7] P8 R i T R KR, AR T R 4
e, K et 3 B LN 1] 24 /N ik 2R K AE 9 4 A
A T Bk, #1751 H06:00 (B 4f) 500 hPa
FNER R 2 KT SR T MR RS , TR SR
R R R PR T RS Sh IR R,
e vEA, 345 7 R i AR O ) O R RS AR E 5 HL
Iag, e e IR P R IR SR AL T — AR A AR
A, BRI E SR E IR, 4a K
BRI %0, 6 H 30 HEN7 H 1 H )24 /N s (] 39 48
W, FEEHTEERSARMRKES, JFHAE
XU 2R, Bl AR A, PR
a2 IE RGPS R, IKIBEN SRR 1E A
ffJ. 200 hPa k., 201346 H 29 H 00:00 (K& 5d)
A WV 7 S B 26 7E 289N, 500 hPa & J5 i 7E 7 W = )
ARG R DX T, 2 R R
Wty 2 JEF s R R ET AL E R R e, DU
M UE A7 T R R AR B AR SR, AR A
7 &, [FEE30H18:00 (K 5e), HEAE
A (28°N, 100°~110°E) HiFl4eE & 48 Hot o

TEEDAGER, 71 H06:00 (56, HE K455
F SO BLAE B R AR AL 7 A (31°~37°N, 100°~
115°E), X —25H08 B T 4R A0 “ ek
FH”, AR = O I iE 2, ATTA F) T 4 R R
K, M Te—fREE H X R B 3 1) o B 7K rp oA B
g F) AR AL T R R B

4 YESFZHIXI LS

4.1 (@R ZBhrim”

LR 12 N T 2% AN 0 AL S5 RS
S b, S S AT R AT DA 4 T Hb s K
R NRERE VS e A& %0 (FH,
2010).

AR5 5 S e RV A ) Bl R RN RS B B 42
24l 7 23R 1 500 hPa 7K ~F 73 A B LA R AS [R] BF 2109
AN 25 B 6 1) T BRI T P, A0 4 ) i L) T B
PRI ) AR TR 2R BT« 5 il fE—, 7E 500 hPafi
WwACE AT E L, 201147 H2 H 18:00 (K 6a),
R A e s ARG, B e BB 2 1~=>0.6
PVU (i 1 PVU=10"m>K s kg™) [
R X, OIS i SRR SR B R, T LA ik e P
o, HOKEAII®H=0.9PVU, JHH=>2.3PVUIH

40N

35N

30N

25N 7]

85E 90E 95E 100E 105E 110E 115E 120E 125E 130E

45N (dzo)k_bé —~ lu
- S (4
d

40N

35N

30N

25N T
85E 90E

T FI T T T T T 25
95E 100E 105E 110E 115E 120E 125E 130E

N \V T T ...\ T T T T T
85E 90E 95E 100E 105E 110E 115E 120E 125E 130E

l [ \

0.6 0.9

1.8 2.3 PVU

El6 201147 H (a) 2H18:00. (b) 4 H 18:00 AKX 201346 H (¢) 28 H 00:00. (d) 30 H 06:00 500 hPa iz ig[#ifi: PVU (1 PVU=1X

10 m> K 57" kg™ 1904, Horf S/ S8 55 X FoR R R 2=3000 m
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Fig. 11  Back tracking of the air parcel in two rainstorm processes for 10 days: (a) The main periods are 1800 UTC 4 July, 0000 UTC 5 July, 0600
UTC 5 July, and 1200 UTC 5 July 2011; (b) the main periods are 0000 UTC 30 June, 0600 UTC 30 June, 1200 UTC 30 June, and 1800 UTC 30 June
2013. Different colors represent different heights of the air parcel (units: m). The water vapor channel derived by cluster analysis: (c) The rainstorm
process in 2011, C1 represents the water vapor channel from the Arabian Sea and the Bay of Bengal, C2 represents the channel from surrounding area
of Sichuan; (d) the rainstorm process in 2013, C3 represents the water vapor channel from the western mediterranean, the Black Sea, and the Caspian
Sea, C4 represents the channel from the Arabian Sea and the Indian Ocean, CS5 represents the channel from the Bay of Bengal; vapor contributions of
different water vapor channels respectively for the rainstorm processes in (e) 2011 (illustration is the same as Fig. 11c¢) and (f) 2013 (illustration is the

same as Fig. 11d)
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