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Abstract: The warm-sector rainstorms over the Sichuan Basin were defined and classified into four types
based on the synoptic situation, including the southwest vortex (SWV), the edge of subtropical high
(ESH) ., the southwest jet (SW]), and the southeast wind (SEW) types. By using the conventional and
the hourly precipitation data of automatic weather station from May to September during 2008 —2018, we
statistically analyzed the spatio-temporal distribution of warm-sector rainstorms and the nature of precipi-
tation as well as the mesoscale characteristics and causes for their formation. The major characteristics ob-
tained from the research are that the four types of warm-secfor rainstorms usually occur in windward slope

of mountain, bellmouth topography and near the uneven surface which is transitional zones between plain,
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hills and uplands, etc. The SWV and SW] types have a large area, and the former mainly occurs in the
middle and south of the basin and the latter from the middle of the basin to the north of Longmen
Mountains and Daba Mountains. The ESH and SEW types are decentralized precipitation, and the precipi-
tations usually occur in the west of the basin. All the four types of precipitation have substantial diurnal
variation, showing a single peak type, which is strengthened at night but weakened during the day. The
warm-sector rainstorms consist of stable and convective precipitations. The heavier the daily rainfall is, the
more obvious convective nature the precipitation has, of which, the convective precipitation of ESH and
SEW types is obvious, and the stable precipitation of SWV and SW] types is obvious. The warm-sector rain-
storms are directly caused by the development of MBCSs, the lifetimes of SWV and SW] types are =6 h, and
those of ESH and SEW types are <{6 h. All the four types of convective precipitation (20—50 mm « h™")
last for no more than 3 h, and the flash heavy rain (=50 mm « h™') lasts for no more than 1 h, otherwise,
it is very easy to cause extreme precipitation events. SWV and SW] types are prone to extreme heavy rain-
fall. The four types of rainstorms occur in the unstable environment with high energy and high humidity.
The average CAPE value is more than 1000 J « kg ', K index is about 40 “C, 6, of 850 hPa is about 85 C,
and the average specific humidity can reach 16 g « kg ',
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Fig. 1 Sichuan topographic map and distribution of stations
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Table 2 Proportion of precipitation caused by different hourly rainfall (R)

in daily rainfall amount in four types of warm-sector rainstorms

M (R)/(mm =+« h™ 1) H it/ mm PRI/ % BIRGO%I/ % FEEARE/ N AWK/ %
=50 12.8 26.5 42.3 28.0
0<<R<C10
=100 27.5 16.6 28.7 15.7
=50 29.7 24.5 30.4 29.6
10<<R<C20
=100 27.8 20.0 25.7 23.7
=50 27.5 149.0 27.3 42.5
R>=20
=100 44.7 63.4 45.5 60. 6
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K6 2013 4 6 H 29—30 H P4 g BLBE X 52 T TBB 5[] F0 4 I 56 [ K 7 A
()29 H 21 B, (b)30 H 00 Bf, ()30 H 07 B}, ()30 H 10 Bf,(e)30 H 18 Bf
(B TBB, #5645 f8 =>20 mm « h™ 13l 5, Z0EA [ 08 =50 mm « h™ 'l L, 2068 D NP g i 0 ALBL.C X i = B, T RD
Fig. 6 TBB and the flash sever precipitation distribution of warm-sector rainstorms in the type of SWV at
(a) 21:00 BT 29, (b) 00:00 BT 30, (¢) 07:00 BT 30, (d) 10:00 BT 30, (e) 18:00 BT 30 June 2013
(shaded area: TBB, blue dot: =20 mm + h™ !, red dot: =50 mm+ h™ !,

red D for the center of SWV; A, B, C: convective cloud cluster, same as follow)
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Bl 7 2017 4F 8 J] 20—21 H &l & 0 &Rk X 2R TBB Z & R 0 58 [ K 43 A1
(a)20 H 21 BF,(b)21 H 01 B, ()21 H 04 BF,(d)21 H 07 i, (e)21 H 09 B}, (H21 H 11 B
(B15% 2 TBB; #5 [ 5528 =20 mm « h™ '3l & 20 @R 5 =50 mm « h™ A%,
o Al 28 g Il B 588 dagpm 48 [B] Ta~7c S 20 H 20 B, & 7d~7{ % 21 H 08 Bf)
Fig. 7 TBB and the flash sever precipitation distribution of warm-sector rainstorms in the type of ESH at
(a) 21:00 BT 20, (b) 01:00 BT 21, (¢) 04:00 BT 21, (d) 07:00 BT 21, (e) 09:00 BT 21, (f) 11:00 BT 21 August 2017

(shaded area: TBB; blue dot:==20 mm + h !;

red dot:

>=50mm =+ h ';

black line for 588 dagpm: 20:00 BT 20 in Figs. 7a—7c; 08:00 BT 21 in Figs. 7d—7)
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Bl 8 201247 A 6—7 HARBEKRXZW TBB = & .700 hPa X7 (& 8a.8b.8c 2y 6 H 20 B, & 8d.8e 4 7 H 08 Af)

A I B8 B K 43 A (a) 6 20 B (b7 F 00 B, ()7 H 04 I, ()7 H 08 i, (e)7 H 12 i}
(A5 7 TBB, i 4 [ 55 =20 mm « h™ '3l i 206 £ 8 =50 mm « h™ 13 gD
Fig. 8 TBB, 700 hPa wind for 20:00 BT 6 in Figs. 8a—8c, 08:00 BT 7 in Figs. 8d, 8e and the
severe rain distribution of warm-sector rainstorms in the type of SW] at
(a) 20:00 BT 65 (b) 00:00 BT 7; (¢) 04:00 BT 7; (d) 08:00 BT 7; (e) 12:00 BT 7 July 2012
(shaded area: TBB, blue dot; =20 mm « h™ !, red dot: =50 mm + h™1)
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Fig.9 TBB, 850 hPa wind for 20:00 BT 21 and the flash severe rain distribution of

warm-sector rainstorms in the type of SEW at (a) 21.00 BT 21,

(b) 22.00 BT 21, (c¢) 23:00 BT 21, (d) O

1:00 BT 22, (e) 04:00 BT 22 July 2017

(shaded area; TBB, blue dot:=>20 mm + h™ ', red dot:=50 mm + h™!)
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4 DU b DX T P05 4 e

X I L A K Y A AR 5 R B R AR R A%
PEA D)5 A AR B DY 11 30 102 X 2% R 4 2R A H R
AR AE & 36 IR T Ao A e A e A0 R 221 20 B 5 % T X
I8 I AR 4R A3 o IRV L5 L PR R 0 B 300 g A4
PRAS k) A S D0 WL TR L X0 7 1 102 IX % Wk A ) B

SR HEAT BT 3 AR i T DU SRR X R WA AR
FAE R G5 F0UR M 25 18 1 o 3 i 7 9 52 1 45
BA LLE B Y 2 e X R K A m i 27 1
CAPE {H#S#E L 1000 J « kg ', K F§ FFE 7 40°C
Je A7 STHSHCH A 6 {1,850 hPa P (LR 24 {6 15
85C A A IR TTIK 16 g » kg ', 700 hPa 1Yy
HOR 11 g - kgt 20 DO 1] AR B F
B AR 25 ELE T 5 » T 3 8 A R
T Wz [X 5% T 4% ) B - P (R o T 0 IR R T L L

3 MEBXEWYESHIE
Table 3 Physical characteristics of the four types of warm-sector rainstorms
CAPE/(J « kg 1) K/C SI/C BOsesso /C Qroo/(g + kg™H Qsso/(g = kg™H
[ RCE! 1040. 25 39.08 —1 83.54 10. 96 15. 54
VY R 2 1547.99 39. 88 —0.52 83.79 11.65 15.41
I 3 % 2394.5 41. 45 —1.8 87.28 11. 68 16. 50
7R A A 1679.52 40. 67 —1.2 85. 41 11. 00 15.78
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