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Abstract: Two persistent extreme rainstorms occurred in Sichuan Basin during 10— 13 and 14—18 August
2020 resulting in secondary disasters, casualties, and huge economic losses. To deeply understand the de-
velopment mechanism of extreme rainstorms and the disaster-causing mechanism, using various observa-

tions and ERAS reanalysis data, we comparatively analyze the precipitation characteristics of these two
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rainstorms, and the development, evolution and trigger mechanism of mesoscale convective systems
(MCSs) in the heaviest precipitation stage. The results show that the two rainstorm processes both oc-
curred under the circulation background with “two troughs and one ridge” in the middle and high latitudes.
They were typical rainstorms accompanied by “east-high-pressure and west-low-pressure” in the basin, and
brought precipitation over 250 mm * d ' Cor 100 mm « h™'). The hourly rainfall of the 10 —13 August
rainstorm exceeded the historical extremes, while that of the 14 —18 August rainstorm was equivalent to
the historical statistical value. The most intense precipitation stage of the 10—13 August rainstorm was a
warm-sector rainstorm, which was caused by a mesoscale convective complex occurrence-development-mat-
uration-weakening process. The radar echo areas =40 dBz in this rainstorm were wide and long-lasting.
And the echo centroid was low and the intensity was more than 55 dBz. The heaviest precipitation phase of
the 14—18 August rainstorm was a mixed precipitation induced by a two oa~-MCS occurrence-development-
merger-weakening process. The radar echo areas —>40 dBz were narrow and short-lived. The echo centroid
was low and the intensity reached 50 dBz. Convection in the 10 —13 August rainstorm was produced by
horn-mouth terrain flow, windward slop uplift and high temperature gradient zone, and was sustained with
strong warm advection at low level, weak cold advection at high level at the same time. The 14—18 Au-
gust rainstorm convection was triggered by the convergence of the lower troposphere cold, warm currents
and the left convergence of the low-altitude jet stream in the warm zone. The shear formed by the intersec-
tion of the cold and warm currents led to the persistence of the precipitation.

Key words: Sichuan Basin, extreme rainstorm, short-time severe precipitation, mesoscale convective com-

plex (MCC), mesoscale convective system (MCS), comparative analysis
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Fig. 1 Spatial distribution of accumulated precipitation in Sichuan Basin during
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(¢) 21:00 BT 14 to 20:00 BT 18 and (d) 21:00 BT 15 to 20:00 BT 16 August 2020
450 1 3501
| (@) (b)
400 300+
Z 350 I
E 00| 250
m?m{ 250+ 200 [
§ 200 150
150 100 -
100
50 501
0 - 0
P BBt T A S P e R P R PR ElE P
[=lelelelelelelelelelolelelololelolelolelolelalelolelolele ool ool o) leleNoRolleNoNoloNoRololoNo oo N No NoNo o NoRo o No Ro Rl NN N
QIO ATV NRNFTOANDNANNO —AIONINANTN0O MO MNAOAMNMNOT =0 —~1NOOOD—=—NNVTRODONNE=O
OO0 — 0= AO = O ONDDNNXON =N — = A0S~ 0 N0~ A N~ O~ N~ O = 00N LOODONIO OO0 Al
[s{o{o =l wloNwlo o Nwlo oo {elo o o Mo o felo felalwls o Yo Yo o Yo Yo Yo o o Y] [o) oo We NeNee Nello NeleNeNeNo e Weo Weo el W We oo Wo W No o o Nen)
et O O O et O e et e O et el et e et O] et O O O e et et e et e e ek el —_ -, N N A Qo O] Q] o= -
CRACLY A/ CEA )
Bl 2 19592020 4F () 77 113 » (b) 4347 36 H /K 8 2>100 mm F& /K &k
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Fig.3 (a, b) Average hourly total precipitation and stations of hourly rainfall of different orders during (a) 20.:00 BT 10 to
20:00 BT 13, (b) 20:00 BT 14 to 20:00 BT 18; (c, d) time series of hourly rainfall at (¢) Lushan and
Xinpingzhen stations during 21:00 BT 10 to 20:00 BT 11, at (d) Mianzhu
and Huangxuzhen stations during 21:00 BT 15 to 20:00 BT 16; (e) time series of minute
rainfall at Lushan Station at 02:00 BT 11 and at Mianzhu Station at 03:00 BT 16 August 2020



274 A

% 951 %

G AN N N o2 o U a7 B T D B = [ i 2
K55 7E 2~3 mm (& 3e), 11 H 09:00—16:00
R 55— A RE K e W R R K A 6 T A P
L /NEF R =30 mm « h ' B I A 57 %L ok
P AR W = &,y 138. 3 mm ¢ h!
(B 30>, 8 =B BBk 3l & 11 H e & 12
Hor 12 Hesme s 13 HR B # 2 A B H A
b e KB 5R 99. 8 mm » h™', AN R /NS
M#-~[20,30) mm « h™ ' 5 1k 53. 2% .[30,50)
mm + h™" [ 5 kb 33. 9%, =50 mm « h™" [ i kb
12.9%.

“8.14-18" BWREKA 4 DB Y AW H
AL (B 3b) 25— B Bra B K B AE 14 H 2200 &
15 H 04:00, B 7K 3 FE 2, /)N B R 58 35 3 << 30 mm -
h™'(73.2%0) . S BBk &4 7E 15 H 23:00
216 H 11:00, &5 A 1 72 0% K & o B B, /N B Rl
58[20,30) mm « h™ " {3 5 e 6020 . A H BLAE
16 H 00:00—05:00, fz K RN 51 H B0 7E 75 BH 5 177 48
7 118.4 mm « h™',02:00—04 ;00 /NI & 7K R 2 8
3 60 mm, 2347 0 fe R 5 H B 03:00(53. 1 mm »
h™") (& 3d), Ho B oK & % A 1. 2 mm, B
55 T 710 (& 3e) H KNI B B 2 il &
Hotho BTk E . B =B Bk R A 7E 16 H
18:00 % 17 H 05:00, & A /NI F K 70. 7 mm -
h™'. BB B K EAAE 17 H 20.00 £ 18 H
04:00, Fe K/NEFFR 3824 85 mm « h™ ', AR/
IR 98[20,30) mm « h™ ' /1 & e 66. 1% .[30,50)
mm * h™" [ &5k 29. 4%, =50 mm « h™" [ i kb
4.5%.,

P E T UL T R A R DN IS T i X A A s
{H8. 10-13" 2% FJ /)N I B iR B 5 o A g 12 o0 42 35, W
S 5 T S G AL 8. 14-187 %% R /N FR 5
FT s et 25 A Y (B A HE 55, 20185 fR VL 4F
2023) HFEIK I [ T 3 R KR K.

4 HFIEH A R

PR 2% T 3 2 2 % A2 AE 500 hPa BRI A & 26
SR R O AR AR (iR AR L 2017
Br w2022 LS. 2022) MR FRIE ST
A 243 B 2417 T 2 o im0 ¥ — A BT 2R 35 3l L A
AT BT 1 I A 1) [ PG e ok o B SR X B9
el 15 SR I — 7 e BE B 30 4F (19902019 4F) %,

15 349 53 5 AR A B YE AL 57 BE 38 3o, 3R E P L M
DX 90 o DR AR S A IR R G AR B8 I i AR 32 1
ROF- P I #GH m HE CRUR BRI &) 52 s )2
200 hPa DY JI| £ 3 ¥ 4b 75 5 25 200 A 43 O X
(Kl 4a.4b), Huid & b 25 b 7R 3547 76 AR
“8.10-137 T 10 H& I 2 12 H [ K, 75 R
ER R 0 v SRR A RS B, 8 ) IR S PR A T
R o ] S 1 5 0 i VG e, 588 dagpm £k H i ) — 77
PEMF B SR PE—W AR B — = 5t — 485 700 hPa = 5% 3
2 b A g AR ISR A S . 11 H 0800 i YT XL 38
F12mes ' IFHBMABES ML 12 Hamb B RE
133850 hPa #1528 53 M 2] )11 ¥y 3 5% 75 pa A R L »
FAEFE 11 H 0800 ik 3 &% ok B CE K AR B R
L4 m o« s '), 76 40 M VY g 350 K A e T A T LA U84 5
FALZ 2 F A, ERm S AR A E I
R A M VG PH ZE BB R E (DU L R, 2014)
Yy BRIR B 2% A b o 4 b %% 2 W K B #E 60 mm D)
L ER AT IR 80 mm (& 4e) , 45 i fb 57 % B 4o,
850 hPa fiAH 4 {0 ik 4 b K FB7E 85°C (358 KH LA |
(F 4c). 10 H 20:00 P4 HRAL 3 5 i VT CAPE Ry
3293 J « kg ' ([ 5a), 7 M VY EHR X IR 2 A7 AE B Y
KR E R, K2 e 18 g« kg'!
([ 500 P 17 T 75 4t 1 B0 MR o 2 N A1 7 2 (.
(H BB FESE,2017)  mRE IR AN ERUE R LA AR = 1Y
BB K R AR, 12 HHhE R %/ . WX
“8. 14-187 ZL T H i 46 BR T 34 ok & AR 1R 4 L
f5 588 dagpm RV Bt AR fE 110°E [ftifr,14—16 H
7 VG FRATY AR 32 G JRAT A v A AR S 0 R
17 H 75 98 Fe I 0 & T, 3 B0 201 V4 e A
TR I T 735 1 VY B 0 58 948 W R A 5 R A2 D R XU
MAEFF RN ATIE 12~18 m « s ' P RE R
G kR R BIRAHE T RERRIK IR 16 H PR iR IE
B s A X Y P K e A Bl g S ELVE RS I AR B X
[ o s, L R ek 55 1 RR AR ] R 1845, 2023) , 5 & 3D
R K HARMLRRAE A A . W) IR BE A5 1R b, A b A
JZ AT K B AERFTE 60~70 mm, FRAEM 579 FEIA 4o
(Il 4D 5 RIHT 9 45 28 B K e B B 73, i UL CAPE 7
14 H.17 H¥ R 500 « kg ' A 47,15 H.16 H4 5
22,0 ] « kg ', 850 hPa % b FG &R B AH 24 A7 iR K
R B T 358 K(& 4d), & F (KT 10—11 H . {H
H I 2 ST R PG R 168 S I Y R A R TR AR AL B T
3 35 N R TE B Ay A R A L 14— 17 H 5 ) XF



5% 33 Ff 210 S5 - DU 25 30 TP UCH S8 1 A% S 48 T X6 LU 23 275

100 102 104 106 108 110°E 100 102 104 106 108 110°E

T oo d KEB AR T 1500 m 5 EHIE .

K 4 2020 4 8 H(a,c,e)10 H 20:00 F1(b,d,H)15 H 20:00
(a,b)500 hPa fif #5537 (5 (0,52 2% BT« dagpm) FIAR ME AL 53 3 B (B £5) ,200 hPa 20
(FEEOHL B m » s7') 700 hPa K3 U, (e, d)850 hPa flAH 24 7 ik (FEHLL BT KO
B HEAL 8 BE ) R XU R 5 (e, D 88 2 0] BE K i (EE LR B AL - mm) FIAR MEAL 57 3 8 ()
Fig. 4 (a, b) 500 hPa geopolitical height (solid blue contour, unit: dagpm) ,
standardized anomalies (colored), 200 hPa jet (dotted orange line, unit: m « s ') and
700 hPa wind (barb), (c, d) 850 hPa pseudo-equivalent potential temperature (contour, unit; K),
standardized anomalies (colored) and wind (barb), (e, f) total column water vapour
(contour, unit;: mm) and standardized anomalies (colored) at
(a, ¢, e) 20:00 BT 10 and (b, d, ) 20:00 BT 15 August 2020
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Fig. 5

(a. b) T-lnp diagrams at (a) 20:00 BT 10 and (b) 20:00 BT 15, (c) vertical distribution of

horizontal wind (barb), specific humidity (contour, unit: g+ kg~ ') and pseudo-equivalent potential

temperature (colored) at Wenjiang Station from 10 to 17 August 2020
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Fig. 7 Basic reflectivity at 0. 5° elevation and its vertical profile along black line

for Chengdu Doppler Weather Radar in (a, b) 10—11, (¢, d) 15—16 August 2020
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Fig. 8 (a, b) 850 hPa wind (vector) and hourly rainfall (colored) at (a) 10:00 BT 11,

(b) 03:00 BT 16; (c, d) vertical distribution of horizontal wind (barb) over Mianzhu Station,

(e, 1) zonal distribution of orographic uplift speed (unit: Pa « s ') along 104, 2°E
from (c, e) 20:00 BT 10 to 20:00 BT 11, (d, ) 20:00 BT 15 to 20:00 BT 16 August 2020

WAEATIN Z . 50k B = 50 B ARG 7Y XUm A A i B X HOR X . BE & i JE g T
JEERIE Y] AL (I 60) » fish & 1 4 BH PG 388 45 PR R 5 0 3t i P AU AR D0 R M A 3 P L L
[l 850 hPa £ b g ¥ AR L Zc DA AR B KGR 3 K TR i o 170 A% 4 i O 0 i 10 26 0 L %



%3l P L2005 < O )1 £ 3t T O A 5 e AR i 5% T X LG 43 AT 281
mm m
200 w6000
5000
100
4000
80 3000
2000
1150
1500
20 1000
I 800
10
500
y Lo Ho
103.75 104.25 104.75°E 103.75 104.25 104.75°E
T K FT5E e &
Bl 9 2020 4F 8 H (a)11 H 08:00,(b)16 H 01:00 HyIj 10 434 F- 35 5 KR ORFD
2 m I (LT A SR (I 28D R/ B A K R R (5 T 45D
Fig. 9 Maximum 10-minute average hourly surface wind (barb). 2 m temperature (red line) and

hourly rainfall (colored dot) at (a) 08:00 BT 11, (b) 01:00 BT 16 August 2020

B2 28 i e ok » 5 SO g e P R K R AR (T 8b)
PN ATT o 3 22 K S X B I B AT LR L 16 H
03:00 J5,800 hPa LLF 447 A< AL XU, 1 Ko 1 5 A%
KAy R /N Sk (B 8d), 5 1T 1L A2 1/, Hb
TEHTHE AR B . 76 Ho ¥ 58 38 30 Bl B 45 B -0
MmIE Ewar LA (& 80,15 H 23.00 £ 16 H
04:00, 2 7 il BiF 3k A A 5 55 00 HOR #6132 3
fE>—0.1 Pa s ', XN T A R 3 72 A o B K B
Br. HAREF B 4TI Y SR 0 T R O OE . R
NHIE A A EM . X 10—11 H 72
15—16 H it 72 b J¥ 38 30 45 1 2 25 55 . Bl I
A6 R HE B, T SO PG IS D) AR 26 AR 85 5 DI 2
F TG E R B IR A PE R K I . HuTE & LV
LA B 55998 25 AN H B W R R 3 b R B e A
F b, M VG A6 ROR 22 TR K TC B R X
"

(a)
300

HRL T i 19
AR

400
© | -6
% 500 E
o~ — é
= 600} WP
700 @ifzﬁﬁ%iﬁ AN 3
/ IRE G (11t e |2
L Ty LRI A R
gzg_fﬁﬁ*ﬂ%uﬂb‘éé’é?ﬁf /_\}%:x -
1000 A d
Pl ki

.10 mm « h 55 B2 Y FE K LR (] 9b) L 7%
BRARERGREKEE .

Xt AR » 10— 11 H 2 72 T A P A7 58 X 3 19
KA R E] TR EAE L1516 H i R X
JZ HIRZ Vo W I ST B4 5 2 fih 2 5 ok 7K R 2B
RIEMERNR. 458 B3O RS R
FA G2 AR A AP0 X A 1) M A2 0 BT 5 L5 T O
T 58 Ff A IS BOGH I i e R A AR A . 10— 11 H i A
S0 R T MK A AT TR B8] 2 3 7Y R R
1 i T 6 I 25 K T 0 19 SR L AR P A /N RUEE 3 e
fiuh 2 X O R R A Ry MCC 4 ¢, B & K Z
i R AN A 2 . MCC JE B 72 i 55 o MCS,
R A M PG AU 0 e 1) 300 XU % 6 R L i il
o A B A R A A MCS 24 (] 10a), 15—16 H
1o B[R] RE TR B0 1 PO KRR A3t g AR

—>N
[ (b
300
-9
FA LR A I
400}
7 b
TR X
£ 500} 6 =
= 24
N N
= 600}
700 g 3
Wi X
8s0[- , W
925/ R IR SR all
1000 J
2T

B 10 2020 4£ 8 A PR AT i AL fr iR K B Bx () 10—11 H . (b)15—16 H X 3 fith % HLH1 AR A 8 R 2

Fig. 10 Formation mechanism conceptual model of the heaviest precipitation stage
in (a) 10—11, (b) 15—16 August 2020



282 A

% 951 %

2% UL 2 ) fih P W DX 9 X 3T 5 AR AR R R S R L
¥ - 15 25 VG AL TR v 2 - 3 ST JE J A VD74 28 ik &
XL I VD28 2R ZE 15 6 45 47 AR MCS Fp 22 & Ji&
(K 10,

T4 8

FEF 22 U5 B B Rk Y )1 4 He 2020 48 A
10—13.14—18 H (*8. 10-137%8. 14-18”) 1 YK #% it
T Ao R 14 5 7K AR AE Bl o e i 9 K B R )
TR G B fob K i T 6 Ay B AR B DLR 45
o

(D PR 2 M ot B R A e s 4 il — 47
WA AR PR I IR R, #8. 10-137 B W
Al = 588 LRZF Wi VU P ] 110°E, A5 W 4% 32 B /K 1Kl
1,8, 14-187 BT @l =y 588 Lfa & 7E 110°E Ky ik,
A ZAKRGIIE . B & AP 1 AR M R R
TR BTN E ZE VG0 RE 4L 2 d, Bk e K s B AE 5 —
K AR B i KK B 542, 1 mm, H 5K A% o5
B LA 4 A E R QA G0k LUk H R K B R
1B % 1L 3k H R 7K 8 (425, 2 mm) Sy DU )1 45 [ 5K 3
SH BEK SR R ST Ok AV R R A A
SR AR RS 4 dL SRR K BTE B R A i
ZE R IAE BRI BEK AL b B KK 3y 865. 1 mm,
] 5 ol e K H R 7K B i 4 Ak (302, 6 mm)

(2)%8. 10-13” F 1Y 7]\ B} T 58 B 5% . =30 mm
h ! B S N S A K B ik 46, 896, B B SR T T 4
T S5 KA i /N B 7K 522 156, 8 mim, [ 52 3l i
KNI K B 3K 134, 6 mm, 28 B 70 Hb (8 5% i o
INEF IR K R B, 8. 14-18” ST /INK WY 58 5 17 o
i ALY . 3 7E[20,30) mm « h 1 (66.1%) ., 5%
A i /N B B 7K Ry 118, 4 mm, [5 58 0 f R/ B
P 7K &/ 63. 8 mm,

(3)%8. 10-137 % Wi fi 18 [ 7K B B g T % [X 5 b
KRR IK R 2 A v R ROBE SR A P 2 24k kR
T Sk MCCL FEU 55 MCS S35, 2B B o [
EYOR LGSR E BT 55 dBz, H >>40 dBz 19 AR
= [ S L R 5 I ] e P iR A K i R A 5
“8. 14-187 %% T fe S K K B B TR A PERE K 5 B
KA o MCS G H— & J— Ul 55 1 A8 - B K [l
IR G PR L3R B0 58 BE 3K 50 Bz, 58 BEAIK T 40 dBz
) 8 7K [ 30 0 BBl ) 5 2 B[] K, R B0 5 sl AR X6 45
55 .

(4)8. 10-137 % T f5e 5 {3 7K [ B W W 11 3 ¢
T AE PRI X3S G v i 1) 5 38 46 A L R e i
iy a9 DR R B R T M R T SO U O I
)2 ¥ 1 i VB A % 0 & J O 4 4F . 8. 14-18”
7 T S5 5k B 7K B B 6T i )23 HR AT 2 8 8 AT A T T i
RGBT RIS 20 20 D 46 S b T SR AL L Ve R
A SEAC TR S B0 A8 4 35 J2 0 B /K R A IR R 1

AT I A 5 2R 32 R T I = S8 A R AR X
Bl o 2 T D 2 U0 KA 27 B 6T 5 0 3 4 ik 2 ATL o
177 20 B X0 T v RUBE X3 28 46 19 20 21 4 45 AL 161
Can MCC (T8 SR 4 F5) 38 5 2547 38 16 40 IR A1) BF
GEo J3h s BAR GO G BR R A ) K IR i AR AR AL
{EAE W PR 558 2 A Ty T AFAE AN [R) L 5 350 5 28 5 4K
R BN IR 2 W i R R K T BRI, 8. 10-137 2% T 4
HoPE B CAPE ik 3292.8 ] « kg ',“8. 14-18” B Wi 4
HiPE#8 CAPE {2l 22.3 ] « kg ', CAPE [ K/ ke
JE T B O0F AL R e A RN R R TR E TR
K B3 BE (PNAR AR . 201452017) A B X T W3
T T AR i A 7K 1 2 B BRARRALE 5 A 20 43

%k

PRI T a2 VAR AL L 55, 2023, i R DO I 8 7 6. 267 1L kK (9 %
R BT RRAE B ETE LI LT . RSB, 47(1) : 1-19. Chen B
Y,Chen Y, Sun J S, et al, 2023. Characteristics and formation
mechanism of the sudden rainstorm inducing the “6. 26” moun-
tain torrent disaster in Mianning, Sichuan Province[]]. Chin J
Atmos Sci,47(1) :1-19(in Chinese).

A RO S TR ANES L 5L 2013, o ] I8 7 i i 5 B K 43 A R H S 4k
FRAE R 5o REEX R R G H AR R AT ] AR M. 71
(3):367-382. Chen J,Zheng Y G,Zhang X L,et al,2013. Analy-
sis of the climatological distribution and diurnal variations of the
short-duration heavy rain and its relation with diurnal variations
of the MCSs over China during the warm season[ J]. Acta Mete-
or Sin,71(3):367-382(in Chinese).

PR AT BB AR 55, 2014, DY I A7 « 77 i o 2% TR 2 14 1) 2 R
JEXRI A BT LY . w8 il R WE ST 34 (3) 0 10-16. Chen Y R,
Shi R,Dai T,et al,2014. Multi-scale observation analysis of ex-
treme heavy rain on July 7th—11th in Sichuan Basin[ J]. Plateau
Mountain Meteor Res,34(3):10-16(in Chinese).

W2 IV RIR L G5, 2012, dbat 721 R R R TR AR g M 4 B OB
=)W 53 K 82 (1], 44 38(10) :1255-1266. Chen Y, Sun
J.Xu J,et al,2012. Analysis and thinking on the extremes of the
21 July 2012 torrential rain in Beijing Part [ :observation and
thinking[ ] ]. Meteor Mon,38(10) :1255-1266(in Chinese).

AR U LU 552021, 6 307 I 45 K 58 3o o 7 A A
i R ML AR 400 43 T [0 1. 5 A4 40 (1) : 85-97. Deng C Z,
Zhao Y.Kong F Y,et al,2021. A numerical simulation study of



%3

P L 01 45 - DU 1] 23 T 4 5 1 A i 2 T X LG A 283

the southwest vortex mechanism during the “6 + 30” heavy rain
event in Sichuan and Chongqing[J]. Plateau Meteor,40(1) ;85
97(in Chinese).

I HBE, 1992 i FH R R B2 XS K S R L) . MBS i, 47 (4)
302-314. Fu B P,1992. The effects of topography and elevation
on precipitation[ J ]. Acta Geogr Sin, 47 (4); 302-314 (in Chi-

nese).
SR LVRIER S IEI, 2018, 2016 4F W oh [ R K MR i AR AE K

1998 4E X H[J]. K% -44(5) :699-703. Gao R.Song L C,Zhong
H L,2018. Characteristics of extreme precipitation in China dur-
ing the 2016 flood season and comparison with the 1998 situa-
tion[ J]. Meteor Mon,44(5) :699-703(in Chinese).

Brz FER AR, 55,2022, AN [R] E SCHY AL 168 4 DY 1T 28 3t — R %
Ui S TR A2 LT, E AR 5, 41(5):1242-1250. Guo Y Y, Kang
L,Deng L. T, et al,2022. Diagnosis of different definitions poten-
tial vorticity in an extreme rainstorm in the western Sichuan
Basin[ ] ]. Plateau Meteor,41(5) :1242-1250(in Chinese).

WM EEY A, %, 2022, 2020 4E 8 10 H I i & &
PR BT Y B AT 454 T B 2R [T ], RABR%, 46 (4) - 989-
1001. Huang C H, Li G P, Niu J L, et al, 2022. Dynamic and
thermal structure and topographic impact of the night torrential
rainfall in Lushan,Sichuan on August 10,2020[J]. Chin J At-
mos Sci,46(4):989-1001(in Chinese).

A, TN FhIE, 2013, # ] R il 3t DX/ B A 3 AR K B A 1S
AALT). BRI K #.32(1):11-16. Li J. Yu R C, Sun W, 2013,
Calculation and analysis of the thresholds of hourly extreme pre-
cipitation in China’s mainland[ J]. Torr Rain Dis,32(1):11-16
(in Chinese).

B W PRI, 452019, 00 )] 75 B 7 DX 08P AR o e UK 1 R
il R HC R R L) . V6 5 % 4%, 41(5) : 128-138. Luo Y, Chen C,
Ma Z F, et al, 2019. Characteristics and causes of regional ex-
treme precipitation events in summer over Sichuan Basin[J]. ]
Southwest Univ (Nat Sci Ed),41(5):128-138(in Chinese).

A, W, RS0, L2018, VG G M X A B 3 R K 1) S0 AR AE
Srrl1]. 4 . 44(8) :1042-1050. Mao D Y,Cao Y C,Zhu W J,
et al,2018. Climatic characteristics of short-time severe precipi-
tation in Southwest China[J]. Meteor Mon, 44 (8):1042-1050
(in Chinese).

ZERIT 2014, S A AR 2 5 NSl 5 82 R L] ] o B} 2 i
33(7):874-883. Qin D H,2014. Climate change science and sus-
tainable development[ J]. Prog Geogr, 33 (7):874-883 (in Chi-
nese).

FRETL, 57 B 5, TR A %5 2023, J T 5 26 3 0 50 A DU 1 43 b e e
SRR KL AT ], W R R 42(4):949-961. Ran ] ], Qi Y
L,Long Z P, et al, 2023. Characteristics of short-time heavy
rainfall in the Sichuan Basin based on high-density station obser-
vations[ J]. Plateau Meteor,42(4):949-961(in Chinese).

FEIESR KRB, £ 28, 4,2014. 19612011 4F o [5 B 5 Ml X% i
Wk S0 A AR [T ], MR 2 4%, 69(5) - 640-649. Ren Z G Zhang M
J,Wang S J, et al, 2014. Changes in precipitation extremes in
South China during 1961—2011[J]. Acta Geogr Sin,69(5) :640-
649 (in Chinese).

PO RG5> 2014 PO IR SOHUR T M. 180K - P4 T 58 38 R 2 i

JR #t: 1-124. Sichuan Meteorological Bureau, 2014. Sichuan
Weather Forecast Manual [ M]. Chengdu: Southwest Jiaotong
University Press:1-124(in Chinese).

IR T SR BRI 5, 2022, FRALT21 « 77 AR it B T A R A AE B
B4 BiLI]. K45 48(5):556-570. Su A F,Xi L, Lii X N,et al,
2022. Analysis on characteristics and causes of the July 2021 ex-
treme rainstorm in Northern Henan|[ ] ]. Meteor Mon, 48 (5):
556-570(in Chinese).

INARAL 2014, RS ) 2 M1 BE A 2 Wy 340 5 e g /K ST o 19 4
[J].X%.40(1):1-6. Sun J S,2014. Role of cloud physics in
precipitation forecasting by synoptic dynamics[ J]. Meteor Mon,
40(1) :1-6(in Chinese).

PINARAS 2017, Ji BF 388 B K 5 T 019 DX 50 5 6 AR T ). SR T 9 L 36
(6):498-506. Sun J S, 2017. Differences and relationship be-
tween flash heavy rain and heavy rainfall[J]. Torr Rain Dis, 36
(6):498-506 (in Chinese).

FAEHE, T BRI, % ,2015. 35 F HYSPLIT4 () — Wk 01| 4 b
HBEBRWRRBRMBE [T K4, 411D 1815-1327.
Wang ] J,Wang C X,Chen C P,et al,2015. Analysis of a sum-
mer rainstorm water vapor paths and sources in Sichuan Basin
based on HYSPLIT4 model[ J]. Meteor Mon,41(11):1315-1327
(in Chinese).

FH R E R 3,5, 2022, TPCC ARG 45 56 F ik 48 46 52 ) F1
DA £ B A AR L) ], AR L FE g, 18 (4) 1 389-394.
Wang L, Zhang B C, Shi Y
IPCC AR6 on the impacts and risks of climate change[]J]. Cli-
mate Change Res,18(4):389-394(in Chinese).

A, BN 2019, o AR 3 /N I R K 2010—2019 AR BF 58 9F )
[JJ. #W9% % .38(5):502-514. Wu M W, Luo Y L,2019. Ex-

, et al, 2022. Interpretation of the

treme hourly precipitation over China: research progress from
2010 to 2019[J 7. Torr Rain Dis,38(5) :502-514(in Chinese).

TR T BE5E MR RO, 45,2018, 2017 4F )5 « 77 1% X5 R & Wi

M RE RG] BURMELT ] R4 44(4):485-499. Wu Z F,
Cai J J,Lin L X,et al,2018. Analysis of mesoscale systems and
predictability of the torrential rain process in Guangzhou on 7
May 2017[J]. Meteor Mon,44(4) :485-499(in Chinese).
BBAE M AL ARAR R L A5 2015, I e v 00 DY 1] 4 i v A S R
AT, 8 500 M 4T 58 . 35(4) 1 10-18. Xiao D X, Yang
K Q,Xu D F,et al, 2015. Analysis of two extreme heavy rain
processes at the edge of West Pacific subtropical high in Sichuan
Basin[]J]. Plateau Mountain Meteor Res, 35(4):10-18 (in Chi-
nese).

BB A B, i /N5 85 2007, D0 1T 4 b AR g 5% T o R R A R AE
i) ]. K4 ,43(10):1165-1175. Xiao D X, Yang K Q, Yu X
D, et al, 2017. Characteristics analyses of extreme rainstorm
events in Sichuan Basin[ J]. Meteor Mon,43(10):1165-1175(in
Chinese).

B B R, AR L 452020, DU 1) 0 Hh 58 A T DR X N AR AE K
B A3 M D], AR R E 241, 29(3) : 110-118. Xiao D X,
Wang J J.Cao P P,et al,2020. Characteristics and environmen-
tal conditions of the sudden warm-sector rainstorms in Sichuan
Basin[]J]. ] Nat Dis,29(3):110-118(in Chinese).

W20, F AR, R A 55,2021 D)1 2 Ml R IX B T 4 AF 43 47 (T ],



284 A

% 951 %

K4 ,47(3):303-316. Xiao H R, Wang J J, Xiao D X, et al,
2021. Analysis of warm-sector rainstorm characteristics over Si-
chuan Basin[J]. Meteor Mon,47(3):303-316(in Chinese).

T RRAL, 73 8 1 A L 45, 2017, iy SRR B 2R 598 50 W) T — A 3ty 548 o
KRAZW AT L] @ L R M98 ,37(2) 1 1-7. Yang K Q,
Lu P,Xiao D X, et al,2017. Impact of the low-pressure system
of Qinghai-Xizang Plateau on the occurrence and maintenance of
extreme heavy rainfall event[ J]. Plateau Mountain Meteor Res,
37(2) :1-7(in Chinese).

W EF AR L 5K 55 A AR E L %2016, U1 4 M — ok 2 T O AR A RUBE )
TR IR R AELT ], ¥ <5, 35(6) : 1476-1486. Yang S N,
Zhang F H,Xu J,et al,2016. Mesoscale convective systems and
characteristics of environment field of a heavy rainfall process
occurred in Sichuan Basin[ J]. Plateau Meteor,35(6) :1476-1486
(in Chinese).

FUE B JR 52015, 1961—2010 49k 5 B 75 KR 7K A% i Bk 7K 119 A2
ALI]. AR AE AL BF ST E . 11(2) 1 79-85. Zeng Y T,Lu E,2015.
Changes of summer rainfall and extreme precipitation during
1961—2010 in China[J]. Climate Change Res,11(2);79-85(in
Chinese).

KI5 ok oy LI, 45,2022, 2018 4F 5 1 21 H Y )1 4% b A o K 4%
R A o R BE A PR R T AR ARG 22 4 BT LT . U4 48 (6) 1 691-704.
Zhang F, Zhang F H, Kong Q, et al, 2022. Mesoscale mecha-
nisms and forecast bias of the extreme rainstorm in Sichuan Ba-
sin on 21 May 2018[]J]. Meteor Mon, 48(6):691-704 (in Chi-
nese).

FRIF A BRI KDY L 5F . 2020, 2020 AR 6—7 H KL T Ui XA TR
B K (0 M S AR AR (D). <42, 46 (11) : 1405-1414, Zhang F
H,Chen T,Zhang F,et al,2020. Extreme features of severe pre-
cipitation in Meiyu period over the middle and lower reaches of
Yangtze River Basin in June — July 2020[ ] ]. Meteor Mon, 46
(11):1405-1414(in Chinese).

HKIFHE AT RE 2L 45,2028, 28 « TUREE R R T B K VR
MELT]. K% ,49(12) :1421-1434. Zhang F H, Yang S N, Hu Y,

et al,2023. Water vapor characteristics of the July 2023 severe
torrential rain in North China[]]. Meteor Mon,49(12).1421-
1434 (in Chinese).

G » T4 0, 2011, 1961—2009 4F U JI| A% 3ty 55 14 7K A2 b i 4 5
WA BT, B AR YT 4R, 26 (11):1918-1929. Zhang S Q.
Ma Z F,2011. Change tendency and cyclicity analysis of extreme
precipitation over Sichuan Province during 1961 — 2009[J]. J
Nat Resour,26(11):1918-1929(in Chinese).

JAHCHE L A5 08 AR %, 2015, — Y DY 1Ry K 22 W K 3 R KRR AIE KR
Fe A )], B PR 4. 34(6) :1636-1647. Zhou C Y, Tang X
Y,Deng B, 2015. Precipitation characteristics and water vapor
source analysis of record heavy rainfall process in Sichuan[]].
Plateau Meteor,34(6):1636-1647 (in Chinese).

JEVEAE - BB AE  BREIF . 2023, DU 1] £33 PG 5 2 2 A R D B T A
HY VY R AR 2 L ). 8 SR L BB 5 43 (1) £ 26-33. Zhou C
H,Xiao D X, Chen C P, 2023. Characteristics of Southwest vortex
during two consecutive heavy rains in western Sichuan Basin[ ] ].
Plateau Mountain Meteor Res,43(1) :26-33(in Chinese).

JEIARAE 1 A AU L 2022, 175 T VY 1T 43 3t A% i 22 TR 119 1 194 36 B 0
WRMEEMIFEL]]. R4, 48(12):1577-1589. Zhou C H, Xiao
D X,Yu S H,2022. Circulation background and structural char-
acteristics of the southwest vortex inducing extreme rainstorm
in Sichuan Basin[J]. Meteor Mon, 48(12):1577-1589 (in Chi-
nese).

JARKT R A1 AL 55,2015, 20082012 45 14 1] 58 /) B R 58 119 B
25 RRIEL) ], R4 . 34(5) :1261-1269. Zhou Q X, Liu Y.
Feng L. M, et al,2015. Analysis on temporal and spatial distribu-
tion characteristics of strong hour rainfall intensity in Sichuan
during 2008 — 2012[]J]. Plateau Meteor, 34 (5):1261-1269 (in
Chinese).

Xiao C,Wu P L,Zhang L. X,et al,2016. Robust increase in extreme
summer rainfall intensity during the past four decades observed

in China[ J]. Sci Rep.6(1):38506.

R 3CTT 4 - fir )



