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Abstract: Using conventional observations, satellite and radar observations as well as ERAS reanalysis data, this
paper analyzes the characteristics, environmental conditions and mesoscale system evolution of the localized
extremely torrential rain event that occurred in the western Sichuan Basin on 11 July 2023. Furthermore, through
analyzing the orographic lifting velocity, mesoscale dynamical diagnostics and latent heating effects, the paper
investigates the possible physical mechanisms responsible for the initiation, organization and maintenance of the
severe convection. The results show that this extremely torrential rain event was of warm-sector heavy
precipitation the plateau slope under weak large-scale synoptic forcing, caused by a meso-B-scale convective
system originating from a multi-cell linear storm. It differed from large-scale basin-wide rainstorms driven by
significant synoptic-scale forcing, and featured a narrow, quasi-stationary band with a notable train echo effect.
The heavy precipitation lasted for 8-9 h, with maximum hourly rainfall intensity reaching 83.7 mm ™ and 12 h
accumulated precipitation getting to 371.9 mm. Extremely torrential rain was concentrated in the canyon and steep
windward slopes of the northern Longmen Mountains, highlighting the prominent role of topography. After
nightfall, mountain breezes accumulated at the valley bottom, forming a cold pool. The warm-moist southeasterly
flow within the boundary layer rode up over this cold pool, initially triggering the local weak convection. At
midnight, the establishment of the southeasterly low-level jet enhanced the orographically forced lifting rate on the
windward slopes, intensifying the convection. Simultaneously, influenced by topographic blocking, a northeasterly
diverted flow developed in front of the mountains, forming a shear line with the ambient southeasterly wind. This
facilitated the organized development of convection along the terrain. On the other hand, the nocturnal thermal
contrast between the plateau and the basin generated a pronounced horizontal temperature gradient that reinforced
the low-level vertical wind shear in front of the mountains, that is, the orographic thermal forcing favored the
acceleration of the boundary-layer southeasterly flow in the foothill area, further promoting the organized
development of convection. Overall, the synergy of three processes—the positive feedback between convective
latent heat release and positive vorticity development enhancing upward motion, the cold/warm advections at
upper/lower levels amplifying instability, and the continuous moisture supply by the southeasterly jet — caused
prolonged heavy convection and, at last, the extremely torrential rain.

Keywords: western Sichuan Basin, —sudden warm-sector torrential rain, orographic forcing, meso-g-scale

system (B-MCS) , vertical wind shear latent heat release
515
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50 3 ] 2 R IR SURE I 23 G e BRI A0 0 R v 9 A R AR I (PR RS, 1996 ZF[EF
AMXRIZLE, 2006; RX-FAIFNENG, 1991) o H/INRBEHTEEEMTRE KK TT B I A B3
RIARH 2%, R R AR AN BRI IR, JE P R B30 A3 8
AR THS SeiAR S F & BOK VR AR RE BE S AE SR B HEAR , fidi A0S it A A2 K R - 255 5 Bk
sk o R RE K FAAL (Kang et al, 2019; FRE35%%, 2022; Jhlik%E, 2024) . HhjE
R FIRAE vy PRIE T 1L, ¥t H RS R R IR AT R 40 T3 BUR R B A I sty SRR K
PR K (FARAEE, 2018; Mlesess, 2023) o EFRRMERE X RIS, NREEH
iR IEiE e (ET75E, 2018) | MW\ IR Seiiba & S k2 e R0, (3 4 HE 4%,
2022) FEAEFREAIAEXS L HIA Rl 2 AF -

VU1 2 1 VG 3 40T i v B 5 M Y Y, MO R0, R, N RRREK C/NIRY
5520 mmh™) SRE T EMA (BUEIS, 2020 MK T4, 2015 HHAEILAE, 2023)
AREREELEN KX (FEFE, 2020 o R0 TRNI A PR, &
JRARIA . PURE MRS VUK. VO RS SO SR B AR R SE, [R] I PE R Ay i
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CLAURPREED PO, TERR AR R RS (FhVE4ESE, 2015; HiBHESE, 2017; 50
i, 2022; 5kI55E, 2022) , MREW RGumid R, MESUE IR AR KT, "I
AW g . A PE IR X B R, JOH SO N R R R, SRR Yo
K, RARE R Guomia 559, #5006 fid & F 2R FE 0 m g8 1A R, A2 A0 TR 2 —
A2 R TP E RS RERHE S G TR IR 70 b (M A, 2017 HIEAESE, 2020; M4
w5, 2021) o BHESE (20200 ) E IR GORDG ZHE X A WY I AR 1 Bl ARRAEREAT 20 b, O
K FNLES 2 2 iR B s ml o A8 S (2022) X B P8 56— IR IR X 2 W 1 8h /112 Wil
BUEBAL, RS20 5 Y Ok R 1 Ll Hb-~F SR R R SO 3 S JHSof 1 T AR R e B2 o 4 X6) 7y
JER 2035 BE R TR 2R G 98 55 1) SR I [X SR P AR, ORI ik A o ZH 2 S A I ) 4
FERIHLHASIEIT, B8 2 BN R .

2023 F 7 H 11 H, DY NZEHOPEEIT TIL SRR R KRN, R G BRI . B R
SRR, N R K RS (AR 6h, R TRAR A IR tH IR R . A ST 437 £
FE R, FERIE K R AR e S HORA RS R e 4 M R AR I Rtk b, B B ok e i v RUBE
RGP . HEANYERLS], SRS R ARIE T 5 N KR h3h -8 & R 5
B, B SR AR I R AR BT X X% A Pl B Ak T 225 (1) P BRAKC AR
1 HRETE

ARSCHTAVERMLRE: 2023 457 A 10 H 20 & 11 H 20 i (dEstit, FED §I09E
F B BTG sl 328N I T I Bk, 20 I S RO Bk, XK E 34
St (P /NS U] XU SN KB FY-4A RT0swiE (TBB) ZRL (43
4min>0.04° ) FILEFH S WKL 2 % 8 RAH B EHR (N E] 43 #F % 6min, 7% [8] 73 #F %
250m>1° ) ; ERA5S Fr#frBisl (A1 1h, A3 #HE% 0.250.25°) , Mk
https://cds.climate.copernicus.eu/; HiJE#E K T- SRTM (Shuttle Radar Topography Mission) ,
STHER 30 m, FEHLEE https://www.earthdata.nasa.gov/data/instruments/srtm.

2 ML B A B 7K SR

el T KA TP 2 Pa 2%, RARI—TPERE M, AR —MAE 2700~3000 m, 5 R#
P ZEik 2000 m ULk, HABBOARI T Ry, A77E B PE AL AR mE AR BE g T, M
TEE %, milS R, dEH 600~2000 m, US54 2N A 2R B T 1RGNl w1
 (H1la) .

2023 47 H 10 H 20 i % 11 H 20 B, Jel Tl A B il IR 2 /W 2R KB W, WY
S R AR, K230 km, B4 20~25 km, EA SRS, KRR ER
B 7K H DA e 75 i [X B X3, o B A ke 7E 600~1200 m 8] (5t 79%) (B 1b)
ZiF oK Bt 300 mm i P04 S A IR Dk (372.3 mm) « TLEA (358 mm) « XURAT (312.6
mm) FIAEJLY (301.8 mm) ¥If F il X (B la) , EEEMA AT, %
PN A E Sk A7 T A PR X 38, R B E RGBT . MR KRR E R, XA T%
Hby P R K Bl ) R R T AR

/NS BEAK 0 AR S, 10 H 23 B, BN IX AR g5 /K; 11 H 00 B, BE/KIF46nse,
(L LL A B 77 S U A TR AT BT /NI R 908 B BGEIE 5 mm h™, A Bl s S B I 3R K
BKGE 232 mmhty 02 I, IR DU R R A T Bk HE 0, 20k B I
Ky BORMISE 43.9 mmhts 03-09 I, SEFANTRESE, 7 DS Fo 2 AT 28 J i o B /K S 2RIR
O, 2t sm T 50 mm he A AN SR FE K Rt /N K B AR AT L, BEKN 11 B
00—O01 B RARME A, AHAKIE B I SR PR /KGR EE IR RFLE, FREEm K 8~0h, B K2 X 2
6 R o e /K R SRR 1) (Bh ) B2 R AC (H ZEan%s, 2021) 5 Fo /N 4R 5008 73.9 mm
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Fig.1 (a> Distribution of stations with accumulated precipitation >50 mm (colored dots) and the terrain height
(shaded) , (h) distribution of station precipitation and elevation , (c) time-series of hourly precipitation and
accumulated precipitation from 21: 00 BT 10 to 20: 00 BT 11 July 2023
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T A A 2R, 584 dagpm R R ARk, FHiE. HINHL X AR G #53h; 200
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MO F PR X o J& T P01 B 55 R SORE R G0 1 AR v AR X BRI (P 404055,
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LR 5 B K (1 Ba, 5F) o (B fFER IR, A0 T A0 1 ZR 001 J5 b X 1) 4 BH 28 st i 52 T v
AT A, (R BHE XA SE (& 5e, 5f) , RUAHEKFUHIAAE 2INGERES
FEVIAZTE B 2Rl SR 3 5, A8 1] (L3t R T 5aE 3R T, 3 B I8 shih 5 v Ak 59 CIN,
ORI CAPE BRI, & 01—02 XA IR R . 11 H 00—02 I Zihid 7= 2R 1 i A
WAEK, HRESRI TR E (KB 5a, 5¢, 5d) , A HWERIER T 51
T 1 FE 3 R I S6oF IS 20 V9 2 796 3 P A B sk R MO T AR THE, KA X 2 iR,
e T prs sk i s g (B 5e) K FEIESREEN N (E 4¢, 4d) , WBARIE—TFAM
mHES] (B 59, 5h) ,  FLAE b B AR IX a6 RS SR R Uil FE B X, B Rt
FHRRR SRS KR Ry IE AR Z ST f . REEEME, AR ERN, B
RAAEG MY X, MR RSB 1R, 38 75 R FH e 0 2 B A BT b
S BT RNEAT ST
5.2 JSTRBL AR

AT, B X Y)AK E 4ERF (1 B 5% (Weisman and Klemp, 1982) ,
AR RUBE 23 i BORME A S e Jmy it J2 X w0 ROBE SR 4 1) 2 BLRCDI AR R o 9 1 43w i
B-MCS MIHZKJE, HEFIFENXALTZMIGE, SHEINEIMFIEE (2008) FEIRTH# T
1 FH 5 3T AH JELAE P b 7 30 6o Jt B A e R P (4 FH ORI 2 73, S —AS x-z 1 4
8] R, 1 Boussinesq I AL E] Hh /N R RS 5 FR4

ou ou du __ om 0%u

E+ua+wa—z= 6x+kﬁ (2)
du , dw
aﬁ'g—o 3
on
5_,19 (4
p R
™= cpeo(ﬁ)cp (5

b, oy REESSUER Exner B kKNI AREL A= g/0y, 0 7T X AL
B, gBEIINEL, 0 9ER, RASEEE, e BHHE. AKX (2 . D)
SlE 2o x WG 5 & 0T, 82N, SRS O — D, (B RIZEEIZS)
seaE I RIAIER, Mw = uVh, VRRGRMIERE, a5 AKX (3) , m& A UGS
L) AR N 7K AR AR AR i 9 2 2

d ,0u L
RIT 7K~ A R DA 300 XS i = A v RO 5 L) A

8



254
255
256
257
258
259
260
261
262
263
264

12
=2
o) w230 AT A T AT 0TS (Y
—e— 875 hPa 10 ¥
60 =®- 850 hPa
33
; :
E50 . “
%40 6 €
ES | w27
8 5 = =) POPTINC, N VAN
E 4 24 ., &
Hzo Sragemre, peeten T
‘\\\\\\\\Ht]‘ ) 21
10
I 18
0 111 o 1008 1011 1014 1017 1020 1023 1102 1105 1108 1111 1114 1117 1120
::DHO TR0 D Z0 N0 OO OMC 1100 Hidar
i1i8] (BT)
34N
5
32.5° N
H*’M‘m&ﬁmw
o
®
-
32° =
-
o P
120
0 °
“" 09
31.5
: o L
d =
104° E 104.5" E 105" E 105.5" E

e oy d Pt SOB R M ARE TR GIRAM IR, D A3 875 hPa Kk Ty, LIHEACRERVEES; M e, f P iEME g
h T HESIAR R B X .
5202347 A (a) 10 H 14 1% 11 H 12 B E K FG#B(28.59-30.2N.  105.39-107E) “FH41 875 hPa
A1 850 hPa /KR (RR) « JRGHE (HT4R) T U1 2t vE AL AN R S 2/Nif Bee K b (R D I [l
1, (b) 10 H 08 I 2 11 H 20 WA, I BE A5 Ak BER A7 51, (e, d) 11 H 875 hPa {45 (i
RS, AL dagom) « I (A FIZ12 mes™ KRG (tasefsk, i ms™ KIWIE (pig) . (e, B
10—11 HHhE RS Okh , /N FEKE ceams FMHE vy , (g, h) 11 HHWJERTHERE GRERM
SEfELk, HA: Pas™)
Fig.5 (a) Time-series of horizontal wind (vector) and wind speed (poly) at 875 hPa and 850 hPa averaged over
western Chongging (28.5°—30.2N. 105.3°—107E) , and the number of stations (bar) with different hourly
precipitation magnitudes in the northwestern part of Sichuan Basin from 14:00 BT 10 to 12:00 BT 11, (b)



265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292

time-series of temperature and dew point temperature at representative stations from 08:00 BT 10 to 20:00 BT 11,
(¢, d) geopotential height (blue contour, unit: dagpm> , wind (vector) and horizontal wind speed >12 m s™ (orange
contour, unit: ms™ at 875 hPa on 11 and topography (shaded) , (e, f) surface wind (barb) , hourly precipitation
(colored dots) during 10-11 and terrain (shaded> , and (g, h) terrain-lifting velocity (colored and contour, unit:
Pas®) on1l  July 2023

FIFH 10 H 20 i 753 rp G X AR IR VLR 5 TRk 5545 234 52 AU 2 B IR
W o3 A AEAS [F) 5 BB 1Y) B Bt SR VT 1 B (5] — 7K T i CHRCGE b 7 50 4 X P S5 T 2 g 4k
FELIN 450 M), ARJEIFEIX K (31.3-32.5N, 104.0-105.5F) WA HTEX—mE E
FR R DX 2 SR R 2218, IR R A A B Roas L 2 a], e 1) il BT B A7 AR v R A2
(PR SR P 25 SRR T, ACTIREREIE 15407 ~2>10™" K km™, 5 #6 FE 7 1745 1L 4 i 1
2 (K 6a6b) o fEMRASAE RN, mEMZHAENR G E B 2ZEF IR S8 T8
SR PR 7K Tl BE R E

T H R i R K T A 0 I ) RUBE S TR FE R e KCTHRBERR FE A 15407
K km™ SRR, 7 R 8 ) PR S5 (g i RS TR A+ LA B 1 /N e A (PhAkRA R I
2008) o MR RGUEAL TR R KPR RS LR, BRI (A 30 min,  HiE
(6) THEFF X M [F]—s EF ALIR SR R B, TR 2 B M X EE D). 11
H 02 i, PR (040 301.04 K, Fo 2k A5 Dok B /K TR AR 43750 1.8107 K km™?
112100 K km™, 3 BRBIAE 43 1 10.55510° s A1 7.0310° s 05 I, SEHIfzE (0,)
300.38 K, FLAANHIZETHUR BT IR BB 43 ) 1.6>107 K km ™ A1 1.3x10™ K km™?, 3f
BRI 9.4>10° s A1 7.63>10° s; PN VIR T ERAS M7 BERIT 5 A 3 KR
JE BA 58 KT B U A8 34 <2.5%10° s, iR B T SR E R ) R MG 25 T XU )AR B S 0
02-06 I Ry X AR 4Ef Lk b &9 T RIS, A Bh I sm R ERRB AR, A E
EAEYERE, AN TR s B isshA Uk, 4ERPm SR (IMAkFA4E, 2014) o 54,
T I S PARIR BT T 1R AR 8l 06 B AT JE R i 75 b B PR 7R B OB K B 1 ik B4
SURVIAERENARACN, FEFR SRS TN — 2 SR ML I & (K 6c) , FEEIT
WESIEWE, FIiEeshigag, FutaliA 600 hPa = (B 6d) , fil &g At IR &,
T 06—08 I N 5 fE K 2R E MG FE K (J& ba) o 145 E IR S A ) () 2 B X D) AL 2
RERE o JE B S B AR A LUK SEAIHLE], S EURES XZORO IR 4ERs, I RN

2.2 N 32.2 N

10



293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308

309

310

311

312

313

314
315
316
317
318
319
320
321
322

el ) B (d)
5 rfr///rm S m///

ONVLAAASIIY ] Sof JQ;/\/\}J Al

=

001 S SAGATL LI IIT R 3

b 3 VISR LI S A
ARRE s Nves i

017 1020 1023 1102 1105 1108 1111
time /BT

IR

&

e B e XK YL, DRI, LERMGER S MR IR LW L.
BE16202347 H 11 H (a, b) FWXPHE (31.39-32.3N . 104.2°405.3F) 450m G4 1R EEF (s
4, #fi: C), (c) 875hPa il (P « BREE (afigk, ffi: 10°sD AU (B . (d) B XHAS

(31.83N .\ 10447FE) MR G « HUE () FIFEEDHPE (Sfiigk, $fr. Pas™ [l (Al BE AR
Fig.6 (a , b) Temperature anomaly at the elevation of 450m near the torrential rain area (31.3232.3N,
104.2-105.3€), (c)wind (barb) and divergence (contour, unit: 100°s™ at 875 hPa and terrain  (shaded),
and (d) time-height evolution of horizontal wind (barb) , divergence (shaded) , and vertical velocity (contour, unit:
Pas™) at (31.83N , 104.47<E) in the torrential rain area on 11 July 2023

5.3 XRUERF

o RBEXHAL RS R e YRR T A R VAT, I8 75 B R A FIKIR S A
AL FEAMRIE M BAE DR, RERNREE TR, JELE R AR & R in, )ik B3
o CE BEAHEEE, 2018) o KA EHELE RN BN RBER. ST IR B H k. MR
Qq 7 BT I [i) Py B Joft B 2 ARSI 2, IR/KYRIE Qo R BT T[] A SR ol B /K VR 4
BEGAE S R pIIR 2, WREAXSH IR GHHEESE, 2014; 1 E4ES%, 2018)

_ R
—c T v (2) (g
Ql_cp[at+v VT+(p0) (oap] )
— (% ) 9q
Q, = L(at+V |7q+a)ap) (8)

Aorb: MR, HUE 1005 J kg™ K LABEA S, BUE 2.5510° J kg™, FLHJE
Qu HEESHINFA . 4 ARSI RO I e B e B IR AL, BENS SR U i 2 2
IR, 92 ¢, TORBEEE IR L (IR LA, R Kh'e 2 Q>00, Rty

KRS, B UINA R <.

T 9% DA TR A LR R A 2R AR T IX 3, (31.729232.096 N , 104.3962104.944F )
FIFRKIRIE (B 72>, 11 H 03 B 2 AR KL B AT SS, FBEEFENRZILZ,
01-03 i I 1.5 K h™ flrts, £7T- 800 hPa FfHT, s #& BT I SS AR, 768 Hxt
TR (2.1 km) U FEKRBE O A 02 B HT SR RN GE, PR 4SS T AR TS A I 5
04—07 IS PRk 5 v VR RIUGRARL, Bk NI A (IR B Ak T it 2.5 Koh™, e T
700~600 hPa, 5 HRFE/K B0 T 3~4 km & —5. WA S AE A4 in
MRS IREEIR B 22 K, AGF N IE suwk s _E iz 8l IR)2 IE IR FE R &, 06—07 i 850~
800 hPa IEiW/E R Efsw (K 7a) , WA EHEAH (KBl 6d) ; 700~600 hPa K 4HH, I

11



323
324
325
326
327
328
329
330
331
332
333

334
335
336
337
338
339
340
341
342
343
344
345

346

SRIN AR AR R S BT (B T, SEGR ETHES), I 4 73.9 mm b RN R R

2455 G NSRBI ST 7, XTI GERE . W53 B N A J7 VKV & AVBAE A R 0 T
HEIm (B 70> YRR T MR KPR GR E B AR B AR T (B 7d) , AR A
I FR I G W RS SR B 28 2R S s AR T A A i 5 PR KR B T T LR, AR X R AR
a7, R FE A — 2 AR P8 ) P AE S AL S B AT, 2 W0 XA 2 B AE A A 4 e
364K UL I, HRERS[YEFFATRCZSS, AR R A KA fMReE. 11 H 09 i
J, BIRPUMAR MRS SUURESH R, MK, Hoh, dfEd 5, b & R i
HHe, 15 PEBEA 594 I Ao thdani%, ()2 850 hPa Z b 58 SmAR P31 B2 W X ddnis, ¥4
B~ FIR AT SV T T aT CEIRGD , i E R gt — 1R S R A Fa e vk, Insmxd it .
SRR BRI S Od A2 SR = P R SR G R R S IR R R 9 S 3
SR A R A RE IR A K IR IR B R 2R

— reference vector 10m/s

9
- -8
S 200X/ T 7 &
500 E enndld CAA A ¥ 62
] 50
—
o A g 3%
a b B ) =3 =
Z 600 O $ : =
= =]
4 o SRR R LS AR
54 5 a Q:;‘-m. o 1 <
700 1 p
; E
asof——s = B -15 =10 -5 0 5 10
900 \\ —
1020 1023 1102 1105 1108 1mnm
time/BT

200

200

250

300 300 ~— <l

a
-3
3

g
g

Pressure (hPa)
Height (km)
Pressure (hPa)
Height (km)

31.5N 31.7N 31.9N 32.2N
104.1E 104.4E 104.7E€ 105.0E
\ Ll
2 4 6 8 10 12 14 8 6 4 2 0 2 4 6 8

E: Elby oo d PR AR AL,
Kl 7202347 A (a) 10—11 H (31.7299-32.096N . 104.396°-104.944F) XI-FHIHIM/KIRI (i
g, Hfr: KA MKPHRE ot TEDATKNEELE, (b 11 H 06 I u, w &R (%) MK
FE (i) I 3L.729N I, (¢, d) 11 H 05 B (¢) KPR (%) « KIRIBE dngs) RS AR (2
ek, i 1o M (d) KRERBUZ (e | EEEE Lk, B 10"Pas™ A 4f HEZ AB IIREE
T
Fig.7 (a) Temporal evolution of vertical profile of averaged apparent moist sink(contour, units: K #™*>and horizontal
vorticity (colored) overthearea (31.729° —32.096° N , 104.396° —104.944° E) during 10-11 , (b> vertical
cross-section of composite u-w wind (vector>and horizontal divergence (colored) along 31.729<N at 06:00 BT 11,
and (c, d) vertical cross-sections of (c) horizontal wind (vector ) , moisture flux (colored) , and
pseudo-equivalent potential temperature  (contour, units: K> , and (d) moisture flux divergence (colored)
and vertical velocity (contour, unit: 10"Pas™) along line AB in Fig.4f at 05:00 BT 11 July 2023

6 4iie5itit

12



347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382

L X 2023 457 A 11 H i JE A3/ ING B 9 R M RE R B IR SRR I 2 R K
AR fid A AE LI B 20 AT, A9 B0 BL T FE 2L 18

(1) FFRBEWRALERIRR LS MY, BlEm T, 500hPa & A F s R 5% 18 =
N, RH R AR I ES RA AR KRR X W . KRR, R, KR
JER, W EARIE-FRE A, 24T R T ACB L e RS, S DI,
SRR AR ET, R SRR R SRR R R E P I 2 W (0 R AR SR it T R R R R A
FAEFIAFRE 4

(2) N FIWARRAEBIRIE A, D542 K B B A5 1 4R B A AE R 3 EIEF,
EASJE DL ST ARGHA A, A ik % SR S 1 . 3220 e AR S I H A8 4k R 5 1) 1 5 JX S i
02 Ao A7 B PR U IR F 2 A o, kb P A AR T XU 2 i, 300 IR A T i 4 - Tk
FER R, B XA IR o 15 E 2R R X2 R L T B e SO DA 5 N AR B R, S5 7R
I RTE T TR DI AR 28, (R xR

(3) RiE) S At B A 2 5, el T TR I X% B s K IR R .
I UL A T AR A AR A 5x00°~10x107° st 3 B AIAS, AR TRRMALNKE, e
2 y REEXHR A TPORA RS, &I NER B-MCS F=AEsRfF/K. HhaEnm i H
RABIAZFIH S Z ) A 2 Yy [F) & SRR AL GERE FF H 30 51 22 08 1 B AL

(4) MR RIS, 600 hPa fEHL, (REHE, TR s i R A 4 oy 55147
WA, SRR MRIE- A IC T 2 W X, I K S FRE ; [FI 25 2 IR e BRIk
=H W FEE A S BRI 2R

WG, EC F CMA-GFS M X A3 R fiidk 7 2KFY, CMA-3KM Fildl 1 /N,
CMA-TYM. CMA-SH FlI7H g X I AE 2, SWC-3KM 7 7 1 78 F 3 Ll AR 1 29 #5021 34K
W, AR DCORIR B 22 550K, LR AT PR AN IE SR ke i B Ok (JEmg D o EC Bk
10 H 08 W ¥14a37E| = 588 dagpm 28 CLARFIEAES —y, HSLhiimzE R, FERA TRk H K
[iE) 2 PR P4 ¥ 1Y) 850 hPa S, 1% 1] BE2 & M IR i R B A o oo ROBEAR R /K Tl A B 1 55
KRR G IE T X 5 7 BORr AL, BRI T OB fil A0 R AR, B AR AR A AR 7E I L
—4k, XRAEREMNATIRE S S5 EaHT, KR REN IR R AR 7R T mRe s
BRI BB AN, WS R T EDGE: (D HERFIILAZE SRS nE (12~
16 ms™h) , ZHFFECIRIEA, AHPEILER A KNSR, WA, AWM, SURTRE
AR A B K B2 AT 1~3hs (20 R X2 I sraa 46 7+ 3 o 1 TS 3, X
AL (3D ARIRAMEZR B A2 R L B B e U1 A 5 9 2R A XL, S50 DX e A 2R R X
TEJ T T AT D) AR LR, RO A RS, PAEF B3N, SRR (4
PONFAIE SR S RZ AR TR T2 20 = T FASH R B R AL A KR IR sh .
8 25 H T A A e« 4 R A ER A AR, HUE 7 B 2 BB R BN B (R AR R . B A,
H IR PG 7R B A R IR i) R 2 R R GURH ELAE F R H AR SR IR 22, 38 7R st — 25 4y
Bre KTFLAR B-MCS AU NS5 . AR R I sh I E R . WS Hh TR %ot %ot
AL ik 2R R 4 5 () A AL o) S5 LA 00 I v 43 % 2 L Rk B AR T DA 7 43 AT

13



383
384

385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416

height(m)
5000

4500
4000
3500
13000
2500
2000
1500

4
1000

500

102°E 103°E 104°E 105°E 106°E
] 82023 4 7 H 11 H Y 1| G 74 4 5% K Ak 2 W TR B L i WL A Y
Fig.8 Conceptual model for the formation mechanism of the abrupt localized extremely torrential rain event in the
western Sichuan Basin on 11 July 2023

SR

WRAAER, BiE<#2, SKILEE, 1996. Bl I T BRUR IO BUE B[] KRk, 20(4): 491-502. Chen B M, Qian Z A,
Zhang L S, 1996. Numerical simulation of the formation and development of vortices over the Qinghai-Xizang Plateau in summer[J].
Sci Atmos Sin, 20(4): 491-502 (in Chinese).

0, ZEESE, 2R, 4, 2022, DY) BP0 — VIR X L 58 9 0 10 3 il 72 40 5 R b PR TAAE B3], KAURE 2,
46(6): 1366-1380. Fu Z L, Li G P, Jiang F Y, et al, 2022. Dynamic analysis and local circulation numerical simulation of a
warm-sector mountain rainstorm event in the Western Sichuan Basin[J]. Chin J Atmos Sci, 46(6): 1366-1380 (in Chinese).

BIALE, BE, B ESE 55, 2014, RN R G PG R IR GE R RIS W A [0, =S, 33(1): 116-129. Hu Z H,
Li G P, Guan C G, et al, 2014. Diagnostic analysis of mesoscale convective systems influence on sustained rainstorm caused by
southwest vortex[J]. Plateau Meteor, 33(1): 116-129 (in Chinese).

Rz, R, XER, 45, 2022 A 5E LA IO S — otk 2R 2 ). A%, 41(5) : 1242-1250.Guo Y'Y, Kang
L, Deng L T, et al, 2022.Diagnosis of Different Definitions Potential Vorticity in an Extreme Rainstorm in the Western Sichuan
Basin[J]. Plateau Meteor , 41 (5) : 1242-1250 (in Chinese).

TR, FEP, FEE, 55, 2022, 2020 4F 8 10 HVUNI BB R MBI 45K SRR O], KR, 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 Atmos Sci, 46(4): 989-1001 (in Chinese).

s, TOHE, R, 5, 2024, JRRT23. 7 MR SRR R RFAERRIR AT [D]. <R, 50(5): 616-629. Jing H, Kang Y'Y, Wu H Y, et al,
2024. Characteristics and causes of the July 2023 extremely torrential rain in Beijing[J]. Meteor Mon, 50(5): 616-629 (in Chinese).

[, R, 2006, M AR SR T 5w AR R 30 70225 Hr 9], Bl <R 4k, 22(6): 632-637. Li G P, Liu H W, 2006.
A dynamical study of the role of surface heating on the Tibetan Plateau vortices[J]. J Trop Meteor, 22(6): 632-637 (in Chinese).

FE, phgte, FRIT, 2021, v EVE R L ORI RE S ML SR R 0], RS RHEEE, 11(4): 57-63. Li G P, Sun J
H, Wang X F, 2021. New research progress on characteristics and mechanism of sudden rainstorm in Southwest China[J]. Adv
Meteor Sci Technol, 11(4): 57-63 (in Chinese).

TWE, HERE, ERKWI, 5, 2020, TU)11 2 X 5 R A T8 MR 2o R IRTII]. RS AR, 31(4): 460-470. Luo H, Xiao D
X, Kuang Q M, et al, 2020. Radar echo characteristics and recognition of warm-sector torrential rain in Sichuan Basin[J]. J Appl
Meteor Sci, 31(4): 460-470 (in Chinese).

BN, Fhdkkn, 25, 4, 2020, R BRF AR STER: SORITI40 T ERD]. AR, 78(3): 419-450. Luo Y L, SunJ S,
Li Y, et al, 2020. Science and prediction of heavy rainfall over China: research progress since the reform and opening-up of the
People's Republic of China[J]. Acta Meteor Sin, 78(3): 419-450 (in Chinese).

FHETL, 5%, BIRTF, 45, 2023, FT % Bk s (00 )1 2t R SR PR AE 20 3] MR, 42(4): 949-961. Ran J J, Qi Y

14



417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460

L, Long Z P, et al, 2023. Characteristics of short-time heavy rainfall in the Sichuan Basin based on high-density station
observations[J]. Plateau Meteor, 42(4): 949-961 (in Chinese).

IETS, R, BbegR, 45, 2022, HAbe21.7 M B RO AR RHE XS F 4 T [3]. A4, 48(5): 556-570. Su A F, Xi L, Lyu X N, et al,
2022. Analysis on characteristics and causes of the July 2021 extreme rainstorm in Northern Henan[J]. Meteor Mon, 48(5): 556-570
(in Chinese).

INERR, B, S, 55, 2014, SRR TR AR A B 5 HOR T - rh SRR AR SR T M. b5 AR LR
48-50. Sun J S, Dai J H, He L F, et al, 2014. The Basic Principles and Technical Methods of Heavy Convective Weather
Forecasting-Manual of Heavy Convective Weather Forecasting in China[M]. Beijing: Meteorological Press: 48-50 (in Chinese).

fhdkka, i, 2008, i SMTATAGRILRMER R B AR EERM[]. KR, 32(6): 1352-1364. Sun J S, Yang B, 2008.
Meso-Bscale torrential rain affected by topography and the urban circulation[J]. Chin J Atmos Sci, 32(6): 1352-1364 (in Chinese).

HeavyHeavy

R, ZE08, TOHTE, 4%, 2015, 2013 4 7 DU )1 GHh— UCRR R R I T R RGEHASRRIED]. R, 41(5): 533-543. Sun J H, Li J,
Shen XY, et al, 2015. Mesoscale system study of extreme rainfall over Sichuan Basin in July 2013[J]. Meteor Mon, 41(5): 533-543
(in Chinese).

ERFF, HKMAT, 2012 P R A0 RG2S SO H ARAARRAE S AL D] HaERY) B 2F4, 55(8): 2498-2507. Wang D Q, Zhang Y C,
2012. Diurnal variation of the south-westerly low-level jet over eastern China and its mechanism[J]. Chinese J Geophys, 55(8):
2498-2507 (in Chinese).

LTy, Satut, PR, 55, 2018. 2017 4R M5 7B DR B A U RG] BHRAE[D]. 4R, 44(4): 485-499. Wu Z F, Cai
JJ, 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).

FERE, TAEE, WE, 4, 20200 DU MR R ARIR X R R RRAE OABBA A AE AL AR E A4, 29(3): 110-118. Xiao D X,
Wang J J, Cao P P, et al, 2020. Characteristics and environmental conditions of the sudden warm-sector rainstorms in Sichuan
Basin[J]. J Nat Dis, 29(3): 110-118 (in Chinese).

HIEAE, R, AT/, 55, 2017, D)1 it i 28 W RE B ACRFAE 23 #T [3]. AR, 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).

ML, AR, HIbtE, 55, 2020 U1 i X S RTRHEHT]. U4, 47(3): 303-316. Xiao H R, Wang 1 J, Xiao D X, et al, 2021.
Analysis of warm-sector rainstorm characteristics over Sichuan Basin[J]. Meteor Mon, 47(3): 303-316 (in Chinese).

Mg, BT, AT, 5, 2025 VU S RS  BR R S LA BT [3]. AR, 51(3): 269-284. Xiao H R, Zhou C H, Long K
J, et al, 2025. Comparative analyses of two persistent extreme rainstorms in Sichuan Basin[J]. Meteor Mon, 51(3): 269-284 (in
Chinese).

H R, filte, SCR, 55, 2018, — G AEBE PG B IR AN SR IR R SRE SRR T [0]. AR, 37(6): 1616-1627. Xiao Y H,
Yu S H, Gao W L, et al, 2018. Analysis of the causes of one sustained enter-the-sea Plateau Vortex accompanied by Southwest
Vortex[J]. Plateau Meteor, 37(6): 1616-1627 (in Chinese).

BRERL, 73, TKBk, 2017, e EARIREE I T A — IR B X SR B AKRFAE A BT [3]. #5224, 33(3): 415-425. Yang K Q, Lu P, Zhang
L, 2017. Analyses of heavy rainstorm in warm sector under the influence of the low-pressure system of Qinghai-Xizang Plateau[J]. J
Trop Meteor, 33(3): 415-425 (in Chinese).

e, &b, hz, 55, 2023, “23. 77 J0KAT I AR T WAF R F I ARAE S RFI[D). A4, 49(12): 1451-1467. Yang X L, Jin X Q,
Sun'Y, et al, 2023. Evolution characteristics and formation of the July 2023 heavy torrential rain on the Eastern Foothills of Taihang
Mountains in Hebei Province[J]. Meteor Mon, 49(12): 1451-1467 (in Chinese).

ikI5, dkITAE, FLI1, 4%, 2022, 2018 4E 5 A 21 H )1 ki ik o K R W AR R RO R R R TR A 22 0 AT [9]. 5%, 48(6): 691-704.
Zhang F, Zhang F H, Kong Q, et al, 2022. Mesoscale mechanisms and forecast bias of the extreme rainstorm in Sichuan Basin on 21

May 2018[J]. Meteor Mon, 48(6): 691-704 (in Chinese).

15



461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484

TEERAL, EAih, EUKT, 2018, HUE. AR IR 2 SO AR G AL R — R R K B 3T 0] KRR AR,
41(2): 207-219. Zhang C H, Xia R D, Wang Y Q, 2018. Observational analysis of a local heavy rainfall in Beijing caused by terrain,
cold pool outflow and warm moist air interactions[J]. Trans Atmos Sci, 41(2): 207-219 (in Chinese).

AT, INBUE, 1991, — IRV B IR I % I R A B e A2 Wi (— )—— 3B 3l 045 IR AP G 16 e A1 76 S M ) 500 R o
LLA T[], KA RLEE, 15(6): 46-52. Zhao P, Sun S Q, 1991. Numerical simulation and diagnosis of the formation of SW Vortex Part
I: an analysis of numerical simulation of the effects of topography and latent heat on SW Vortex[J]. Chin J Atmos Sci, 15(6): 46-52
(in Chinese).

JARKE, X%, R, 4%, 2016, 2008-2012 4 PY )15 /M /Y SR 2 0 AR REAELT). B R, 34(5): 1261-1269. Zhou Q X, Liu Y,
Feng L M, et al, 2015. Analysis on temporal and spatial distribution characteristics of strong hour rainfall intensity in Sichuan during
2008-2012[J]. Plateau Meteor, 34(5): 1261-1269 (in Chinese).

TIRL, FE2600, AHE, 45, 2024, MEZeHhIX —IRBE X 2 R AR 00T A AR AL 20T [3]. KRS, 48(5): 1693-1710. Zhu L, Jiang X
W, Lu P, et al, 2024. Analysis of the convective triggering mechanism of a warm-sector rainstorm in the Ya’an region[J]. Chin J
Atmos Sci, 48(5): 1693-1710 (in Chinese).

Kang Y Z, Peng XD, WangSG, etal, 2019.0bservational analyses of topographic effects on convective systems in an extreme

rainfall event in Northern China[J].Atmospheric Research, 229 (2019) : 127-144.

Luo Y H, Du Y, 2023. The roles of low-level jets in “21.7” Henan extremely persistent heavy rainfall event[J]. Adv Atmos Sci, 40(3):
350-373.

Weisman M L, Klemp J B, 1982. The dependence of numerically simulated convective storms on vertical wind shear and buoyancy[J].
Mon Wea Rev, 110(6): 504-520.

Xu W X, Zipser E J, 2012. Properties of deep convection in tropical continental, monsoon, and oceanic rainfall regimes[J]. Geophys Res
Lett, 39(7): L07802.

Xu X D, Lu C G, Shi X H, et al, 2010. Large-scale topography of China: a factor for the seasonal progression of the Meiyu rainband? [J].
J Geophys Res, 115(D2): D02110.

16



