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Abstract Using surface dense automatic precipitation observations, ERA5 reanalysis data, and radar composite
reflectivity data, this study analyzes the causes of a heavy rainstorm event over the western Sichuan Basin on July 11,
2023, focusing on the impacts of inertial oscillation on wind fields and terrain—airflow interactions on rainfall. A physical
conceptual model of this rainstorm event is also developed. The results show that this precipitation event exhibited three
prominent characteristics: a linear distribution of heavy rainfall along mountainous terrain, pronounced nocturnal
development, and strong convective activity. Before the heavy rainstorm, the Sichuan region was under the control of the
South Asian High, while the basin was influenced by southerly airflow on the periphery of the Western Pacific
Subtropical High, with no considerable weather systems affecting the area. Quantitative analysis revealed that the Coriolis
force and geostrophic deviation terms showed large variations. While atmospheric advection and vertical transport were
weak, inertial oscillation dominated the wind speed increase in the central-eastern Sichuan Basin and eastern
Yunnan—Guizhou Plateau. This process led to nocturnal boundary layer jets and clockwise rotation of the ageostrophic
wind. The development of southeastward ageostrophic winds at night enhanced the southeasterly flow over the basin. The
superposition of jet transport from the eastern Yunnan—Guizhou Plateau and wind speed growth in the central-eastern
basin enhanced wind convergence in the basin. The combined effects of the divergence term and vertical transport term
promoted the development of cyclonic wind fields. Under the combined influence of airflow in the northern sector of the
cyclonic wind field and ageostrophic winds, southeasterly winds persisted over the northwestern basin, playing a crucial
role in the formation of nocturnal rainfall. The southeasterly winds transported warm, moist air westward, leading to
considerable wind and moisture convergence along the mountains of the western basin. The intrusion of dry air at mid-to-
upper levels combined with low-level warm and moist airflow enhanced convective instability. The perpendicular
intersection of southeasterly winds with the mountains of the western basin produced strong upslope flow. Orographic
lifting on windward slopes and the formation of secondary vertical circulations triggered convection ahead of the
mountains. As nocturnal southeasterlies intensified, convergence ahead of the mountains strengthened, and convection
continued to develop. The persistent southeasterlies combined with topographic blocking and cyclonic wind field
development, generated northerly winds along the western basin margin and easterly winds along the northern edge. Their
convergence with easterly/southeasterly flows formed wind shear lines that promoted convective organization. The steep
terrain transition from the basin to the mountains and the perpendicular intersection of the southeasterlies with the
northeast—southwest-oriented mountains in the western basin favored strong upward motion on windward slopes.
Sensitivity experiments conducted using a multisource observation data assimilation system and the WRF model
demonstrated that halving terrain slopes reduced precipitation intensity by one order of magnitude. This decrease clearly
indicates the enhancement effect of steep topography on rainfall. Under the combined forcing of low-level shear lines and
steep terrain, a quasi-linear intense convective system developed along the mountains, forming a linear downpour zone
along the western basin’s foothills. With the interaction of persistent southeasterly flow and the unique topography,
efficient precipitation persisted, ultimately causing the extreme rainfall event.

Keywords Inertial oscillation, Boundary layer jet, Ageostrophic wind, Topographic uplift, Rainfall amplification
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Fig. 1 (a) Accumulated rainfall in western Sichuan Basin (color-shaded, units: mm) and (b) hourly rainfall at Yangmaxia Station from 2000 BJT on

July 10, 2023, to 2000 BJT on July 11, 2023 (units: mm). The gray shading is topography, triangles denote torrential rainfall points, and the green

triangle marks the heavy rainfall center.
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Fig. 2 (a) 850 hPa wind field at 0300 BJT on July 11, 2023 (shading indicates terrain), vertical profiles of horizontal wind speed averaged within the

red box (b) A and (c) B (see in Fig. a), (d) temporal variations in the mean wind vector and wind speed (polyline) at 900 hPa (brown) and 850 hPa

(orange) averaged within region A, along with the number of short-duration heavy precipitation stations (bars) in western Sichuan Basin.

% 8 3 ERAS %4 52 [F 4k & L1, 43 A1 b 51 B
10 H 18 B RASEE 1) T8, VPN FEAIEA S
X A 1) AR 184 4 i 55 1) 2 AT 3 BB S 52 . 10 H
FIR Ay B BHEA XGRS, B b XUE B 3
K (K 4a. b)o K defBoR, FEHBIETEN,
SPIRITAT AR/, X A X RIS —
EAER, AEAFT B XEFXIGK . BEHE ) TR Hh %
TZETARAKR (B de—6), FERM KGR E [ F.
SRR AR /N, B R A X R e, (Rl
b A i 2 T ) AR AN 32 B2 R e . B 4
S 5 R R /N IE EE, - R] L 2 i 22 00 o R 3
KIMHE R o RH =) M AR A4 R 5 ) T3 B HE 5 e 1)
—E (Bl 4c-D), PEEEIUESIMER R, Hgmi
NE. KiE b, BEEJHET G LUK 3,

FBERE e B AR CAS TR X AN 5] XU 2 B ) ) A T
ANFED B —BOEEK, Ko A B R
WL (K 4c). HRIE Blackadar (1957) KT,
KPBRERS AR SR A Z AR, HIER 752
BN i EE IR, T FBOREIG K. Z56KE,
FEYE I A B P HIA R KU IE K 1 = R R,
AR T RE A E 22 5 R A e, efrm3t
AR X7 R H B B IR A R . S
HhJE 2= s JE A XV, TR R P, AR SCR A
ik P (Zhang et al., 2019; Dong et al., 2021)
7, FIH 10 H 09 BFE 11 H 08 B 8455 %1 X
WSV EHEIREIAY, KPsh Rz ol
EAEIEHEL Ko AT RIL, R AR = 5
IREB I 20 X372 IR ST 1 e i iR AE ([ 4



K " B 50 %

1284 Chinese Journal of Atmospheric Sciences

325N
320N
31.5°N
s1on] 20

30.5°N

= —— e

iy Ul
¢ g

§

Oﬁ}? 0400 BJT 11

32.5°N -
32.0°N -
31.5°Nq"

31.0°N{ ©

30.5°N

32.5°N
32.0°N 1
31.5°N 1

310N ¥
0800 BJT 11

1100 BIT 11

- 0900BJT 11

30.5°N . ; . : r
103.5°E 104.0°E 104.5°E 105.0°E 105.5°F

15 20 25 30 35

103.5°E 104.0°E 104.5°E 105.0°E 105 5°E

40 45 50 55

103.5°E 104.0°E 104.5°E 105.0°F 105.5°E

60 dBZ

K3 202347 H (a) 10 H23 8. (b-h) 11 H 03~09 . (i) 11 H 11 B4MHEEHEG RN E (A%, $Ai: dBZ) 120 mm /R4

2 (IRED, Hrvilyidk IR 0 i B B ni i 20 s .
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Fig. 11 Physical conceptual model of heavy rainfall over the western Sichuan Basin on July 11, 2023. BLJ denotes the boundary layer jet, while 73,

Vg and V, represent the horizontal, geostrophic, and ageostrophic wind, respectively.
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