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Abstract Based on the houly precipitation data from automatic weather stations,FY-2G TBB
data and ERAS reanalysis data, dynamic analysis and numerical experiment are carried on for a
warm-sector mountain rainstorm event in Western Sichuan Basin on 23 July 2017. The results
indicate that the warm-sector mountain torrential rainstorm occurred in the edge of the WPSH
(West Pacific Subtropical High) under the background of weak synoptic forcing. The conditions of
high temperature and high energy in Western Sichuan Basin and the southeast wind intruding into
the basin, lifted by Longmen Mountain, which is the inducements of this rainstorm. The
conversion of the mountain-plain circulation is the reason for the intensification of rainstorm and
the reorganization of mesoscale convective cloud clusters. It is the mountain-plain circulation
uplifting the background wind that causes the upward sloping motion. A further study of
numerical simulation show that the mountain-plain circulation is driven by near-surface thermal
perturbation. In the daytime, there is positive virtual temperature disturbance area in the hillside of
Western Sichuan Basin, and a plain-to-mountain flow has developed. After sunset, the distribution
of the virtual temperature disturbance on the mountain and plain is reversed. Therefore, the
mountain - plain circulation is shifted from mountain to plain. When the model surface heat source
was removed, the near-surface thermal perturbation tends to disappear, and the mountain-plain
circulation could not be formed in the Western Sichuan Basin. Consequently, the convergence area
related to the mountain-plain circulation dissipated, resulting in the obvious decline of the
simulated cumulative precipitation and the disappearance of the heavy precipitation center.
Keywords warm-sector mountain rainstorm, mountain-plain circulation, day-night conversion,
surface heat source, numerical simulation
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VY| 2 7 5 i v S AR, R DU R M R 2k, I s AT B fE R RS, {6
REHFRIER A, MRWNE ) B RRFEL— KALSK, WU)I%E
Hi R 7T TS AE P F MK (Mai etal, 2021; XUBEEFIZEESE, 2014). & FIEHE (B
ABREE, 2018; JAERIME, 2019). mEUIAL. mEFREMRRSE (AR, 20200 DL
JOX LR RGP EAER E (Liuetal, 2018; #4855, 20200, 5 FIR RS RGH LM ER
FEWNAFE, ITEREADFEZ TG IEV )N 57— RN — B X W .

B X 2% R S AT AR H 6] 5 WO A 0 1 — A 4 170 R R X 9 110 M e W A2 O A R T X
FEH R, ERFHTARE X 2N — A PRI X — 38728 T rg g 1 gt i B 4 m )
BEIX (R ; R FRBA Bl 77 H AR A 208 2 S AR A B I s = AL ) 2 (31
FA, 1986). BEIX /K EAZREME. M. WMy s (fr g2, 2016), —HLL
KERTRTAEBVIFTMNE AL MR OWRIREESE, 2017; #2555, 2019). HTHEIX BRI
REARERREAHE, RURERIESS, fMRHIEA, 1ELbrl s R R (%
WhAE, 2018; TRIESE, 2018). UH R KAETEILMMAREIX BN, FAESEMEIEAR. AN
WEF AT R, HIRME . RFVEE— M Bz XM EE L, JF Ho TR 89 52 et DL
JHTEEN I FATIHE F A SUE AR 75 T ) e P B K.

FE TR X [ RN 58 SO TU A A 9T R, T At b D6 T B [X 4 I PR 9 10
% (Zhong etal, 2015; Wangetal, 1990; BXIK=%E, 2017; HHE, 2017). VU)IE
iR T ICRRRR R B —— DU A L, Hh B Ak, s, AP0 )1 Bt 2 2K iR R
BESERE, HET . BRI T, REILT A S AZ R THESA Zt N 2001
LN CHIBFESE, 20200, [RIURPU )1 ZHh e A2 2 b P SR s P e 5, AR LT R R
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X PIRE X R AR AR AE (LA, 2019). BRERLEE (2017) X — k& EARIR (FRIFRE
JE3) F2m T Y )1 R X B R R RSB . OTRAEEAT 7087, 48R 7 Bz X
T P I PR R A B B R . 2 WSS (20200 FIF DY )1 2203t 7 358K 07 T X0 A AR A8 2 i R g
(X & R I F2 1) B 8 R AR HEAT 04T, IR A BENLAR AR &8 5 2 T2k R B 2k [R5

SRR, DYy T3 M 1) 58 — Bk, 1 53R E 5 — B B ——F
R, B ARG BRI SR 2, (R DU )| AN 52 30 H e S0 Ll JikO B 1) R
L Hb-~F [REN R EE N CHHBRSE, 20200, 052 2 i T 55— BB RRANSE 00 ah 2 18] 2 22 T %
B R R B Ll =P 53RV 52 (Zhang et al, 2014; Bao etal, 2013; Huang etal, 2010).
Jin et al (2013) 7ERFFEVY )1 ot Ry Be K A BRARRAE S A3, HH 175 0 e i 5 U ) 1| 23 2 [)
O E A IR, A PR B K B R A AERT A (18-00 B, B, RED;
MAE G (00-06 ) LLikb-~F JR IR 1) 55 H A 2 b 00 E0 T B S48, PRI P 7K Hh ot DA 254l
VU ER 2R A% 21 2 rh 2R

AR SCEE DY) B 5 A i A [R] s B 1, 254 Gl X B R IR AT NI 7E, 3%
JRAEAEVY | 0 A T A R s, 8 O A G b T 4 SO v S VeI H. 500hPa
B S AT S M) ) 2 R A 5 SO WU )1 2 3 0 X% R o P13 H RO PO ) 1 2 X 2% R AR AT 5
ANZ W, T DXL b WY A BB A ST T BE 2 o R A ST X 2017 4F 7 H—1IRK
A AE DY 1 24 P S R X Ll b e W SR, T e 0) LR WY (R 3 D R EAT 2 W 0 i, ARG
fitlh b P i R AS U R B AU, S, 36 T 1R RO I 2% W I A L -~ A i )
TE FSALEE B H o) 1 T st R e 82, A B DI IRt DY )1 728 13X S 3 e X & W (R A, 32
T R R T . T RE
2 BiR

AL TR VU7 (1) Bk BORME I DU )14 B 58 3R AR b A0 X 35k B Bh3b32 /)N i
BERE, FEH TR K E A, (2) B R ik . (ECMWE) S (i 155
TAREIRI /B kL (ERAS), BFIE 7050y 1 /NN, ZKSFR 9309 0. 25°X0. 25°, HEFTT
3L 37 &, FEMTHRIEH . 85 i A2 2 Wb LN EHE R IR B4R
MDA (3D FEHER LESZH0 FY-2G PEERIH Y BEAEE (TBB) %k,
AN 1/, P43 33 0. 05°X0. 05°, =B T4 b oh RBE IR 2 [ 1) 5 35 A8
. (4 DY XN 3 Bk @ iy M i I AR B =8 H R IRIR W s ek, HT
3B 3 b T X3 B JFG i P T] () A A RO ASE 2Rk 2R 47 %) ELBRHIE

3 KOS T H

3.1 PE7KMEN

2017 47 H 23 H 17 i5F-24 H 05 I8, PO )1 230 755 A U AL R A — IR AR (B 1a).
PGS AR RN AL T PG I e T T R BRI X, SR PU - R AR AR, SRR K
O BT ER I A48 BH 2 B, xR A 12h BT E N 110.4mm Al 104.8mm; KR A7
TREMPGIAGME L SR, SRR A, RN EWIE 68mm LLE, W
AN A B A TR o R X 32 Ay (AR Rl i K BRI 3t o 2 L 32 B VA A 3y R 2K R AR
FEul 5 I VIRE AT ik B NN R NS (B 1b), M AMRE 0, A I K PRI [E] 3R ATT AT B
BRI, BKE S HIERGE R AR KRBT R, RS MH RIS BIEr . 4880, 78
FRERFIAERH 43 PH I PR KGR EE R, 7 T SRR A4 FRLE R /K . LR B RN
23 H 17 P43 24 H 05 51k, TIRHCA 12h, Jethid 2 80 IA ] 100mm LLEH
AN FEIL 70mm BLE, SHURE A R &
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K1 (a) 2017 4F 7 3 23 H 17 W2 24 H 05 I 12h RiFBEKE (AL mm) 7046, EZK EF 3 EH#|
fiE: (b) RFRIGAWE (L, KIL. 28, KEW). AKX (29°N—33°N, 102°E—105°E) 1h £it
Y5 =20mm ub s N RZR) AT [R] 5 22 ith 22 14

Fig.1 (a)The distribution of 12h accumulated precipitation(unit: mm) from 1700 BJT on 23 to 0500 BJT on 24
July 2017. EF denote the position of cross section;(b)Temporal evolution of hourly precipitation(solid lines,
Jiajiang, Anxian and Dayi) in the representative stations and number of stations(dashed lines) with cumulative

precipitation in one hour over 20mm in the precipitation zone (29°N—33°N,102°E—105°E).

3.2 R

FWAERT, 23 H 14 i 500hPa =/E 37 b (B 2a) &SN “HE—F" B3R
T3, i AL T DUI/RIE, P03 o — RS AN — DI, AR I B 78 ORI i) “588”
dagpm £ MDY 1| 735t Hp 38 2 ask, AN I 1| 28 b S2 ) o 4/ R A i S A ) 3X 5 1 s 4 45 (2020)
R HHRTI )1) Z P X R ) SRSB4k, DU )1 2 b A BRI 2 v A AP
e, B fwm AR T 5] FERBSRAL L, ABENXESE SR, mierarHE. 23 H
20 i (IS, RIEmEE ZRIE, fnrd < BRI IE A ATEs, (B DY) G AT A TE 55 K <5k
IERPRRIE S Y I BaX AR 5 — B R R BN AR, BRI AT DL IR X ek 2 w9 i
PR R AR B 2 55 RS 0IE FIBEIX 2. M 200hPa = E MBS (B 2b) KA,
23 H 14 WE)NRME —WEmE, skl | B s, 250N,
W& mEgE R sl (g, DUNEh a2 Hizm, 200nhPa F=AE 5@ 4R EUE
XA SR ECE R TR B ETHE A R .
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K 223 H 14 I (a) 500hPa HiJ¥1 (ZEMEZk, #Hii: dagpm) FIXYG (K&, H4i: m-s~1); (b) 200hPa
Y (BREZ, HAz: dagpm) FIELEEY OGHE, Hfi: x 107*s™1), 23 H 17 1 (o) B FHAUEYS (55
B2, FAL: hPa); (d) JHEBRMKHLL (U 1a) B (G, B x 107*K-s™1) SRR (5F
2k, Bfi: KO i EH

Fig.2 (a)The geopotential height(contour, units: dagpm) and wind bars(units: m-s~!) at 500 hPa;(b)The
geopotential height(contour, units: dagpm ) and divergence (shaded, units: X 10~*s~1) at 200 hPa at 1400 BJT on
23 July, (c)The sea level pressure (contour, units: hPa); (d) The cross section along the heavy precipitation center
of warm advection(shaded, units: X 10™*K - s~1) and potential pseudo-equivalent temperature(contour, units: K)
at 1700 BJT on 23 July.

MR TG R R T T E SRR MR RFAE: XT3 e, 1h Rt
=20mm H 3h RiFFE=50mm (5EFEK, WK 1b el LIE 2 23 H 17 I F Gt L 1
1h RHE=20mm % 8 HAFSER R 3h, Jf H 3h Rt E R 50mm. 53405 GE 2¢.
d IR, B A AR H R R B A — AR oG, D)1 Z i AR oG B 1, [ 7 600hPa
DA T Lk 280 0 ) 1 725 52 3 00 KB~ P o e SOk DY 1 7 s e DX 8 ) 78 S, T 44 B
L0 W T R A — IR R R IR X L 3 A

4 AEERFHIE

MEE LR 850hPa 7K@ T (B 3a) KA, VU EHUAI /KR 32 thE & A E AR R
RS, ARMNREITBEIE . s EREERAZEN ), 2 GH T2 TL%E
7 RHI T T B4 1 7E 2 b P 0 SR A, Rt 22 b P S ) 38 2 mT B K B (PWV, precipitable water
vapor) A E] [ 80mm LA b, B & T2 AR . H 850hPa B Tl AMBUAH 24 A ¥ 3 A (1A
3b) AT, FEFHPEILIE T TIL B XA — B PR ORME X, (HAN 10 B CIEIRG D ZHbpa i
POAL LT 46 32 e~ B 52, ZERFEEME- IR A T, 28 R 7 50 R0 P 6350t IR 4 A iR
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Kl 323 H 17 It} 850hPa (a) /KISEE (KB, $f7: kg-m~1-hPa~1-s~1) M E 0K E (HM, B,
mm); (b) BEF OHEE, Bfi: x 107*K-s™1) ABAI AR (SEZ, B K

~1.571) and vertical integrated precipitable water

Fig.3 (a)Water vapor fluxes(vector, units: kg-m™!-hPa
vapor(shaded, units: mm);(b)Warm advection(shaded, units: X 10™*K-s~') and potential pseudo-equivalent
temperature(contour, units: K) at 850 hPa at 1700 BJT on 23 July.

T3Ak, AP A AR AR VLo IR A BORL AT LUK EL, 23 H 08 I JRIT e, 45K
ST A LS (CAPE, convective available potential energy) 1A 1305.2) - kg™, TfifE%%
M RAEJG R =/NE (23 H 20 ), IRITHEEIXRA ALy 282.8) - kg™, XERUIMFAE
AN AR AT AL REAS OB, e SR ETFIBIRE, (R AUz BN
B SRR
5 BN AR

LT SCHI AT AT A, B E KM RUE SN R RE . miR A S B & A MRsh sk, &
BOXIRIE X #M AR, PIUEAT & B HTiX R BN . RN A4 %] 850hPa
Wi (K 4a) K&, tT32E]m o g rg Es], OO — SRR X, AR X
PG T E M 1A, IF His el A B B TS5 .t 5 X 3 B

(K 40> AT, AREXZEEMTIREESERTE, R 1A 4c & S i _EJtizsh
X o AT B R AR AR AT Uil S BERI AT 26 AF T, R R 2 s v AL
el Tl AR KRBk ) 758 18 36 T fil A .

FERM A A G U/ (21 1), G PU AL AN DG AT A O 25 XUR BEZERR, Rt Iz & A=
T, HE 4b AT UL, 20 BRI P AL B XU Y AR R R A R AR X JF BPE AR RS MR AR
F AT DAL, HAEHUE ) ENRIO— @& X WEIHE (& 4d) Wl biE
H, I TI ARG 850hPa LA (KA BE A 9 2 1 49 T XUBRIZE 1T HR B 1 R 3R R38R
ML B R AR B A BAG T, AERZ TR BT g, X3 TR N ATT — ) s
& LT EEE I, TR R BT R, BT s E BRI 200hPa. R BT
R BB R R, RERS S P REBOE R P RE ETHEss, DL
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Fig.4 (a)Vertical velocity(shaded, units: Pa-s~') and wind bars(units: m - s~1) at 850 hPa;(c)The cross section
along line EF(Fig.1a) of vertical velocity(shaded, units: Pa-s~') and constructed wind field(vector, consist of V-
cos @ and —5w, O denote the angle between the wind vector and the southeast wind) at 1700 BJT on 23
July;(b)Divergence(shaded, units: X 10™*s~1) and wind bars(units: m-s~!) at 850 hPa;(d)The cross section
along line EF of divergence(shaded, units: X 10~*s~1),increment of southeast wind speed(contour, units: m -
571 deviate from last time) and constructed wind field(vector, consist of V- cos@ and —5w, 6 denote the angle
between the wind vector and the southeast wind) at 2100 BJT on 23 July, the brown solid line denotes the shear
line.
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BTt BECT 5K 4d FPARLROBTRE BRI, ARG AR RS LIRS IR 2 B SCEET AR BN
58, 2 24 [1 00 WX = 58 E O 58 3] TBB<-57°C (] 5d). Fifi# 7 b 78 5 75 XU
S MR EBIEMH, Rl JEL T 22 NOTAR R, B RO R R B R
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Fig.5 The TBB(shaded, units: °C) from FY-2G satellite and wind bars(units: m+s~*) at 850 hPa at (a)2000
BIJT,(b)2100 BJT,(c)2200 BJT on 23 July,(d)0000 BJT on 24 July, the brown solid line denotes the shear line.

6 LLidth-~F JFIA I X BB

A2z (Wolyn and Mckee, 1994; Huaetal, 2020; Zhang etal, 2021) A Nilfk#
A 51 J5i 22 TR T 22 S e AR ) L -~ i R R R Xtk , TR REERHR R 4t.
LIX IR X M R R R AT B ELES 5 A B e 2 IX 2 15 5 1L - R IR R
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Fig.6 (a)The topographical distribution(shaded, units: m) of the Western Sichuan Basin and the distribution of
automatic weather stations;(b)Time series of regional mean zonal wind speed(units: m-s~') in the red
rectangle(Fig.6a) after three points smoothing;(c)Time series of potential temperature(units: K) in Yaan and
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Leshan, the red rectangle in Fig.6b, ¢ denotes the period of heavy rain.

6.2 LLHh-~F JE A B BE AR T

RN TP ER T M- IR W RROLEE, T T FRAT TR FH 0 AR 0 I vk 2 W I A
ATREANL, I i i UM TS SRR LU i B I A RS L -~ SRR IR ) s e . BB AR AR A
WRF _v4.2, DL ERAS Tt BERL RGN A 4R IR, A it fal A 2017 4F 7 A
23 H 08 I %) 24 H 08 i), 3L 24h, LIS [ B A REALHE 1 W AR I AR S 1 1L -
ST S R L XU I A . B XS B 7, SR PE AR E A Lambert
B, BRSO T 319N, 104°E, FMEEA%EE Y 18km, WAk S0 245X 191, 4
PN 6km, IS STECN 415X 349, #EA TR B AR bR K TR A& FURE 3SR AR bR, 3t 35 )2,
T5 259 50hPa, HUJEEHE R topo_gmted2010_30s e . 5 20U 0 k% 454 F AH ]
K FRE FE : NSSL 2-moment z WA B Z% 77 % . New SAS (SimpliﬁedArakawa Schubert)
=2 H4k 77 % . Noah [TH /7% . Revised Monin-Obukhov it 27 & . YSU A E T R,
Dudhia 55 4E 9 /7%« RRTM KIRAES T 5.

10



308

309
310
311
312

313

314
315
316
317
318
319
320
321
322
323

3.
o
90°%E 100°E 110°E 120°E

34°N

32°N o

30°N

28°N o

26°N
96°E 100°E 102°E 104°E 108°E 108°E

K7 (a) SEmBIXIE: (by o $5H1. Buititd 2017 47 A 23 H 17 12 24 H 05 I 12h F40lR
THRRKE (AL mm) 73

Fig.7 (a) The model domain; (b, ¢) The distribution of 12h accumulated precipitation(unit: mm) from 1700 BJT
on 23 to 0500 BJT on 24 July 2017, control and sensitivity experiment, respectively.

6.2.1 ML RIGUE S bt

MAEL (B 70) Al (8 1a) AR R iEBRK R, AR AP A R R 7 2 17

Ve XS SEOUHEAR — B[Rl A 1AL T R 4 BE A SR B K ot (EREILLR K 5
FERSEOLE RN I 0] e G AR R R S I8 95110 T S A A HT S2 i I R RUZ
R R KNG (RTIAESE, 20205 FEUAE, 2020). BRiLZAb, A0 2 Gk

AT A AEL I A I 1 7 e S BB AU 5 SC UL PR SR B M o 53 4, AR SIA s T Sl A e
NZR BRI BE K 25 B8 2 )1 2R R - ANE A SCROAIT FUE B BOA IR IR ZE AL R] SCVRAOVEH A -
N T Bt B AR AE R TS, RN K o DL R 1 3t -~F S AL 56 4 i 24
L SN B R K AT X . @ XS R 8ay by dy e AR, 23 H 19, 21 AT
58 B K FRC B S DU A i A% HL 5 K2 7K o ] BT J2 25 P B K i 2, (BRSO R Tl 912 )
119, 21 IR sRFEK L, R AT IR ST A S S — B

11



324
325

326
327
328
329
330
331
332
333
334
335
336
337
338

339
340

341
342

an L arn
arn E N
28N 2N 28N

58°E 100°E 102°E 104°E 106°E. 108°E

T T
wE 100e 102 104 106°E. 108°E

Kl 823 H 19K (av by o) /DB BIFRE/KE: 23 H 218 (dy ey £) /AN BIFREKE (AL mm) 5307,
(av d) AN, (b e Jofshilikis, (c. £ BURERLE
Fig.8 The distribution of hourly accumulated precipitation at (a, b, ¢) 1900 BJT;(d, ¢, f) 2100 BJT on 23 July,(a,
d)observation, (b, e)control experiment, (c, f)sensitivity experiment.
Kl 9a. b 73 7l 7 3 PE AU K] 10m A XU, I e PG ASEELNDILI R i
ST PRI AR 2R T DRI, B AR SR BI AT = /NI RBURTOUL I f) PR 1 22 001 SR o, A6
LR 10m WUE -SRI R ZOARTED, A AR 2R U KR e et 18] b, P Ws, BRAR
EFEARGF A T 1L -~ JFOA SR K B R . AN 10m KU R0 LERAE BRI
ff%ﬂﬁﬂﬂ@ﬂﬂ@éi%i%‘ fHAN 24 H 02 BRI 10m JRGHE HULIAR b2 5K
RE-Simim BN LYE S BORGE A E A X (BB, 2014). 74, ATEIEEAS
J‘*"LB@T{E}:Ef e IR ﬂ%ﬁ:*lﬁﬂ’]ﬁ* GRS 22 R BERFIEAT XS
PLIGHIE, H1T 23 H 20 IR 3l m 22 KGRI 2 AN R0, R 205 H 1 7 g #6
M SRSl s B R K 9c. d W BUE AU i 2 B AEAR 2 AR 1 BRI AN 2
HRAE L RERRTL . B 5 v 2 AU B AR AL

360

| (@ g 1 (b) =
— 300 [ 24 I Py \ ~
z ® ] N ;‘9—
I3 B E E 4 N , \ \ Fa
§ 240 :\_/\ 3 § 2.0 ] ’ N ,' J ~"\ ,
g 180 4 - " --.-.!’\\ S “ b
5 & + ~
o 120 o - o 4 ’ N
£ ] R Py ——-sim ~ [
2 g 4 r = L el
—(BS 0.8 47' - OBS -
0 T T T T T T T ™ T 7T T LA ELENE AN BN B B
08:00 11:00 14:00 1700 20:00 23:00 02:00 05:00 08:00 08:00 11:00 14:00 17:00 20:00 23:00 02:00 05:00 08:00
07/23 07/23 07/23 07/23 07/23 07/23 07124 07/24 07/24 07/23 07/23 07/23 07/23 07/23 07/23 07/24 07124 07/24
Time(BJT) Time(BJT)
© ) ) @ ) L
100 o - - F 100 - L
150 - — - 150 - - -
200 o - j - 200 - ] -
250 - - 250 \4 L -
300 - - - - 300 - - J -
& a0 - - E 400 -
£ . £ N b
@ ]
S 500 + £ 500 -
3 3
2 J 3 |
o o
o o
700 4 J J o 700 o ) J o
850 — — J ~ 850 \ “ -
925 - / r r 925 N -
963 - - -
T T
Eil EM nn ol
iRiT (2308BJT) HFE (23208)T)

K9 (a. b) ZFEER ) 10m KR CBAZ: ° ). RG# (Bf: m-s™1) Bl (a)mAR a2k, Skl
W, W NI, RS NETE RS A (e d) R, HERSHEWMARK G (K&, #
fit: m-s™1, KP4 RIE H4m-s™1)

12



343
344
345
346
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

Fig.9 (a, b)Time series of regional mean 10m wind direction(units: °) and speed(units: m - s™1) in the western
Sichuan basin on the basis of automatic weather stations (black lines) and WRF simulation data(blue lines), the
solid red line denotes the boundary between east and west wind; wind vertical profiles(vector, units: m - s~ full
speed of wind barb is 4m - s™1) on the basis of observations and simulations at (c)Wenjiang, (d)Yibin sounding
station.
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height, shaded, units: K) and perturbation zonal wind speed(deviation from the daily mean zonal wind speed,
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