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Abstract: Using encrypted automatic station data, ERAS reanalysis data, and radar detection data,
this study analyzed the synoptic situation, mesoscale convective system and propagation
characteristics, as well as the combined effects of the Sichuan Basin's Parallel Ridge-Valley
Region and the Daba Mountain on a heavy rain event on June 17-18, 2021. The result showed that
the heavy rain occurred at the junction area of the Daba Mountain and the Sichuan Basin's Parallel
Ridge-Valley Region, and it went through three stages of evolution of mesoscale convective
systems. Multiple northeast-southwest oriented strip-shaped convective systems were organized
and developed along the mountains of Parallel Ridge-Valley, with convective cell train effects and
rainband stacking effects intensifying the precipitation. The cold front over the basin and the
ground convergence line played an important role in triggering and organizing the mesoscale
convective systems. Additionally, the cold front over the basin interacted with the
eastward-moving cold air invading along the Wu Mountain and the Yangtze River valley, leading
to the strengthening and maintenance of the convective systems. The role of the Daba Mountains
in the heavy rain was reflected in their blocking effect and thermodynamic lifting. The windward
slope of the terrain had a blocking and converging effect on the transport of water vapor and
energy, with east-west oriented water vapor convergence belts and high pseudo-adiabatic potential
temperature areas maintained on the southern slope of the Daba Mountains. The boundary layer
frontogenesis, positive vorticity areas, low-level convergence areas, and upward motion areas
developed along the slope of the Daba Mountain. The role of the Sichuan Basin's Parallel
Ridge-Valley terrain in precipitation was reflected in the aggregation of boundary layer water
vapor, the quasi-stationary maintenance of the ground convergence line, and the formation of
mesoscale occlusion fronts, which caused the mesoscale convective systems to move northward to
the southern slope of the Daba Mountain. The mesoscale convective systems stagnated there and
develop vigorously, thus triggering this heavy rain event in the mountainous area.

Keywords: mountainous heavy rainstorm, Daba Mountain, the parallel ridge-valley in eastern

Sichuan, mesoscale convective system, terrain effect
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HREMMKRMAT 7 REF I (RS, 19805 #0484, 2005: B 1155, 2011; 245, 2018;
PUNESE, 20205 FRIGFAE, 2023; BesciE, 2023; BRIESE, 2024; X4, 2024 M4
4i%E, 2025). MR FRF RS20 L EER AL S AT AN D5 T, RIS A
FFHER S oS SO A PR Seim A A DA B T F 0 AR # e 45 (B9 7 5 19805
HORARAMML SR, 1995; RIGEF, 1999; Fh4kkA, 2005; LKA, 2011; & EHMESE, 2018;
BhKHT, 20200, FTFE (19800 fif il I EA S ) K FrbstE /. ] DUME RSB
TEHTMPEANET!, FHAJyHIE tn] DIVE Ay vh RUBEXR R Gefid AL, (s ANEE € RE R
SPPANZEEF (2021) 8 GRRUNIICT T REER I ML X0 2o 1L = R S B Hoxd B K i
T 045 H AT L B B e s & B LAGIR I8 3o 3, Seiiiiashik e, M ICH P~ A 1) T B
EItiEa SR A ATE VIS . mETIAIZEE R (20200 X530 R LB — R LRI T
FEREAT o RBER 2 A A BB e, FLE5 SRR W T D e A2 13 5l 7« ZKIR S
BRI R R VR ORI, U AR THE FTE UK IS A8 E REE AR R HER, (2
iR EVERG 98, SRR ETHE A ER M ARG E R . SHIERESE (2022) XY )11
IR KRR TR, ESSRANEE T, M “ImRIE, “myin” g L
PRI A7 Rk 22 RUSE R KIS A FHI A SRR, 38 502 A F 7 A i3 %
. AR EAK RS S R G EEE EAHEs) . IREFEEZ N, 1G5 7 EEIE
BAIEEK . BRXEE (2016) AT Ab 5T Lh— I e R R M AR fR A2 TP R R 4
KRR, SOMIE B EEER, WRTHEEaTr, MR K REE ETHER, Kl
JIMASIATETE , Ml HT AR R R PR i . B3R 2055 (2018) WFFEEREH, B4
ATV ts RS LU B AN R L ¥4 Tt VTS T i A v il E U i 2R R R AR B FR T HE
FERUHT ARG A R K LB TTAIR Y, MR R R Seib A . HEAME5)
PR T A R A O, MR RIS RIS R KRR B PR A SRS o e K
FERE S YEfRp AN o H A B B

F PRI AR DY 1| 8 ] 2 oL ey, RS AT I 2 XU 2 T 1 e A, ABE Kk
g, MEaSEEILM, RERE LK, FEh—RPRIE-TT R E A B FATIR L
ARH CRRIPRTATIER) B S RPG AL T ) ARPAT IS bk b o, ALERAL T PAT08#E
i (Bl 1a). HAET, JHARFATI A Lbos FEAKSEm IR FEIE AL, BATalssE (2023) IR
VHFR AT A L ik g s ) AR I T R 5 iR O R BEAT 1 20, KB 2 5 1X 850 hPa
PUF B S ZAFAE B R KPR EE . 86 LI DA AR e M o, B HIBAER T, Wi
B & i b T e & 2 AL AR ISR & O AR XIAR T, s 12 B _ETHE S AL AT R . 1 E R
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ALERH AR NZRPAT U LKA 3, BEZBPATIR A IR, SO BIRE LK, 2 R
B A A A ERAL AP KE P A o 2, B PRI s R, ORISR, AR HE
FLITURAE R RE i — 28223 OO B POIL BRI BEAT T RS, Wiemeess (2016) AT FEk
BKIRSZ I SRS E FIAE R 2L LR HERR, SIR T KRB R B . XK 2 56 (2016) Xt
2014 F— Ui ARAE KRR FEAHL, MR xT B KGR VE F B2, TREC (CHIA [ml A e
FHRVERRER 712 W R R B L P RE A PG B <UL, AT 5 LD BKGE il o B, MR F) 5
HETHERICR T WL ETREK, TR L RKGE R A — B B X

BRI, AT S B0 O B e 3 RSSO AT 5T, 1K L5 )1 AR P AT U
AL RERT, RREER AN LB S AF FT T o RBERHR R H L IR RFE L il
FIERFFHLRIRT FIE LL R . RIG, ASCIRER 2021 4 6 A 17—18 HARAAERE LRG|
RPATUE kLS (FRAEED B9 —ROR B MR, W ef MR RIES T, JIR
SPATUE A M X A RUBERHA 2R G AL SR BB ARRAE , R S ILFIPATIE 75 22 R B A e R W
TERSE, NEPRILBE AL T B M RS HE TR S 2%

1 38

ASCAE S 2 VR B ZR & 08T o BT BORMEAE . (1) HLTINES & B s Wi 52k,
IR0 300 1 h, B L ARIR B . /N PR L X R BBt U, R T %
IKEAME R BERT A P REER G 1. (20 WOt R Bk A0 38 AR 4
ekl (ERAS), WIEZ#ERN 1 h, ZE3HFE)y 0.25°%0.25°, FEHTHRIEHA MY EE
BIZW . (3) RTINS BB HBR AT E RSG5, HI T REEXHR R SR E
AEEAZ 73 e (4) DU )1 3 R Jl b 93 ), 23 18] 73 #5505 30 km AT 3 km, oAt 30 km
FEHFRKE LS AR AEF 8T, 3 ken U )1 2R P AT 06 25 M AR ot B 7K S T K 404

2 BB SHREH
2.1 REFHER

145H 7 2021 4 6 A 17 H 14:00 £ 18 H 14:00 CILHHy, FFD HK KA ZHIX B
TRk E, EKA 226 MWEMEERN, 128 MWENTNAREN, 1 MWEIARARN.
EEMIE AT UG, WA A0 SGE A S A DIAE OG, 100 mm DL EFEAKIE AL 4 221k
DGR ) 22 W 0 AT, e AR AL TR E LBk R, IR PAT I bk b, R AT
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Fig. 1 Cumulative rainfall (contours, unit: mm) from 14:00 BT on 17 June to 14:00 BT on 18 June 2021 and
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topographic distribution map (shaded, unit: m)
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Fig. 2 Hourly rainfall (unit: mm) from 16:00 BT on 17 June to 07:00 BT on 18 June 2021
(a) 18:00 BT 17, (b) 20:00 BT 17, (c) 23:00 BT 17, (d) 02:00 BT 18, (e) 04:00 BT 18, (f) 06:00 BT 18

2.2 INREE

EIRK BN R AEE A RIS RIEHRE =T, 17 H 14:00 B8 K4 #7, 500 hPa (1 3a)
SN Ay PR IR, B DAL TR AL ES, A R e b R A S AR )]
ML, ARG VGRS rER G I (RIAREN ) $3H BEL g R X, El w4k vl
P IR U R SR I AR B U )1 Zth, SRR AR AR AT R IR TS 5t RN, )17 v S A
BHETEZ), AR S LR MMERG R EARF . 700 hPa (|8 3c. & 3d) DY) BHALHE
AR (RIFRPERIR) 530, 17 H 20:00 (& 3c) PR LME N 309 dagpm, 1A 7
PR ZRFE NG, 18 H 08:00 (& 3d) HvLrME N 308 dagpm, &l iy PG AT 250 55 V5 R i 8] 1) 2
TINGE, KUEIE 16 m - s™, SRERMVE RS SN KRN R AR R T MIKIR . R R AIE) R
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H: DAREMRE AL, K a P GEEEEMME, B b hkaHEA 1500 m DL LR, B c fIE d Fk
ERI5 N 3000 m L RAGHLE, 4ESIRARFRYIARLE .
K] 32021 46 A (a) 17 H 14:00 500 hPa =537 (S{EHZk, HA7: dagpm) AR (KD, (b) 18 H 02:00
850 hPa i1 (S, ¥fi: dagpm). K% (R4 RILLIE G, $fi: ge kg™, (c) 17 H 20:00
A1 (d) 18 H 08:00 700 hPa 5[ dy (S6ftizk, Pfr: dagpm). Md7 (A Hix12m s’ PR 2 (H
B, Bfi: mes
Fig. 3 (a) 500 hPa height field (contours, unit: dagpm) and wind field (wind vectors) at 14:00 BT on 17 June 2021,

(b) 850 hPa height field (contours, unit: dagpm), wind field (wind vectors), and specific humidity (colored, unit:
g- kg-l) at 02:00 BT on 18 June 2021, (c) 700 hPa height field (contours, unit: dagpm), wind field (wind vectors),
and =12m s’ southwesterly jet (color fill, unit: m/s) at 20:00 BT on 17 June 2021, (d) 700 hPa height field
(contours, unit: dagpm), wind field (wind vectors), and=12m o southwesterly jet (colored, unit: m 's-l) at 08:00

BT on 18 June 2021
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Fig. 4 Composite reflectivity factor (colored, unit: dBz) of Wanzhou Radar from 17 to 18 June 2021, superimposed
on the topography (shaded, unit: m) of Chongqing and its surrounding areas (a) 15:00 BT 17, (b) 18:57 BT 17
, (c) 22:03 BT 17, (d) 01:02 BT 18, (e) 03:04 BT 18, (f) 06:03 BT 18

3.2 W REENEFESLNMAFALRER

H RUBE R B A 2 5 OR UAR (R BE SR A, SR b i R AU AT SR AR TE T b RO BE B 45 2R A
B M (FURASE, 2017; 1RIBSE, 2018; TR, 20205 FHAIXKZ, 2021). HE
FPRELLBKANARTPATIE AR ML A%, AT 25 ZEX ERAS P2 AT BERHS SEL BERFEEAT X L
DB FE 24T BRI IE A, 3EEX 17 H 20:00ERAS T3 #r 7kl (B 5a) 10 m XIZH1 2 m
IS 59 PR (B 5b) FEATAT EL, ERAS FEAMHT BERT 2 m IR BES B R 041 5 5200 — 3L,
WA 1~2°CHiZE, RELKEFRAREX G LHBEA K. 10 m KIpRBAERIEBESF, 1Y
NEEH A AL, AR L AT Ay e F R AR RO ZR B IR, SR WA [ A A RN, 5
4b, Hb TR A 285 ST B ORI, W ERAS 40 AT B R AT DUAR g b Jse B 12 b [X 3 b T
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DD TERG AR N T e X b5 P R XU B M TR 5 A e /b3l BIVEEAE 2
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Fig.5 (a) ERAS surface 10 m wind field (barbs) and 2 m temperature field (contours, unit: °C) at 20:00 BT on 17
June 2021, topography(shaded, unit: m), (b) Actual surface 10 m wind field (barbs) and 2 m temperature field
(contours, unit: °C) at 20:00 BT on 17 June 2021, topography(green shaded, unit: m)
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Fig. 6 Sea level pressure (contours, unit: hPa) and 10 m surface wind field (barbs) superimposed on the
pseudo-equivalent potential temperature (colored, unit: K) at (a) 15:00 BT on 17 June(b) 19:00 BT on 17 June, (c)
22:00 BT on 17 June and (d) 02:00 BT on 18 June 2021

3. 3 LXK X AU PR FC RAE A

HOTE RIS E A SeIR . PRI RCRAE A (X i85, 2019; VE/NEESE, 2020: BEF5
&5, 2024). KEFEMKER, ZHIZHAAMERN, KRERELFHER, FEAEPLE 700 hra
AR 17 H 20:00 (K 7a), KVGEEAERE &AM X RARVE R R A0, AT 9 &bt
W%k, RIK B AT R AL, o0 E#EIE 20x10° g «cm™ <hPa™ +s™. 18 H 02:00 (] 7b),
TR MRS BN Y R BE A BREN AV s, R I M AR VS R AR S A I A%, fad
Hl BRI 25x107 g « cm™ « hPa™ 57, (AR XKVARFSEAL THADRES, k3R m A
R A . KB BEHUZ R ER (B 70), KV A KA X I35 K Bl kiR o A
850 hPa LA NA BRINAKIEE S 7350, NZRPATIRA X KIS A 2 AR db- i ), ) St
FE—8, IRV KRR G 4P TE 925 hPa 5 850 hPa LA N2 (B 7d), Ut HH:
TERE KRS A BHAS AR AEH -
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Fig. 8 (a) At 15:00 BT on June 17, 2021, and (b) at 02:00 BT on June 18, 2021, along 108°E, the meridional-vertical
cross-section of the vand -10w composite wind field (vector arrows, with meridional wind unit: m * stand
vertical velocity unit: Pa-s™"), pseudo-equivalent potential temperature (colored, unit: K), and frontogenesis

function (contours, unit: 10°s™). (c) At 15:00 BT on June 17, 2021, and (d) at 02:00 BT on June 18, 2021, along
108°E, the cross-section of vorticity (red contours, unit: 10° s'l), divergence (colored, unit: 10° s'l), and vertical

velocity (black contours, unit: Pa-s™)
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344 Fig. 9 (a) At 15:00 BT on 17 June 2021, and (b) at 02:00 BT on 18 June 2021, along 31.5°N, the vertical

345 cross-section of the v (vector arrows, unit: m * s'l) and -10w(vector arrows, unit: Pa-s™) composite wind field,
346 pseudo-equivalent potential temperature (colored, unit: K), and frontogenesis function (contours, unit: 10° 5'1). (c)

347 At 15:00 BT on 17 June 2021, and (d) at 02:00 BT on 18 June 2021, along 31.5°N, the cross-section of vorticity (red

348 contours, unit: 10°s7), divergence (color fill, unit: 10°sY), and vertical velocity (black contours, unit: Pa-s™)
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