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Abstract Southwestern China experienced a typical compound heat—drought event between mid-August and mid-
September 2024, which significantly impacted the local economy and livelihoods. In this region, such compound events
are related to intraseasonal oscillations (ISOs) originating from different areas. However, conventional statistical methods
fail to distinguish the specific contributions of various ISOs to these extreme conditions. Using atmospheric-circulation
diagnostics and numerical simulations using the Weather Research and Forecasting model with varying-ISO-signal-driven
boundary forcings, this study reveals the following: the ISO signal induced by a mid-latitude westerly wave train in the
upper troposphere increased the regional average temperature by 1.331°C in Southwestern China, primarily affecting the
northern part of the region. This ISO signal accounted for 62.8% of the overall compound heat—-drought event. The ISO
signal associated with a middle-tropospheric teleconnection wave train increased regional average temperatures by
0.768°C. This impact is mainly concentrated in the eastern Sichuan Basin and most of Chongqing, accounting for 37.2%
of the event. The development of this compound event was predominantly influenced by a mid-latitude westerly wave
train from the northwestern boundary. This promoted the significant expansion of the South Asian High over
Southwestern China, resulting in strong positive geopotential height anomalies. Simultaneously, warm advection due to
the westward extension and northward shift of the Western North Pacific Subtropical High, coupled with positive
tropospheric geopotential height anomalies, contributed to regional temperature increases and decreased soil moisture.

Overall, this study enhances the understanding of the mechanisms driving compound heat-drought events in Southwestern
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China, providing a foundation for improving subseasonal-prediction capabilities.

Keywords Intraseasonal oscillation signals, Southwestern China, Compound high-temperature and drought disaster

event, Formation mechanisms, Numerical model simulation experiments
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Fig. 1 Topographic map of the study area (26~34°N, 102~109°E) in this paper. The shadings indicate terrain height (units: m).
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(a) High Temperature Anomaly (=35°C)
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(c) Temperature Anomaly Time Series
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Fig.2 Distributions of (a) high-temperature (=35°C) day anomalies (units: d) and (b) precipitation anomaly percentage over southwestern China

from August 11 to September 21, 2024. Variations of (c) regional average temperature anomalies (units: °C) and (d) precipitation percentage anomalies

for the same period from 1961 to 2024.
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NDVI Climatology
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Fig. 3 (a, d) Climatological mean of NDVI (Normalized Difference Vegetation Index), (b, e) distributions of NDVI, (c, f) NDVI anomalies relative to

the multi-year climatological mean from August 13 to August 28 (top line) and from August 29 to September 13 (bottom line), 2024.
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m’s?) during phases P1 to P6. The red box indicates Southwestern China.

A BIRAEAFE R ISOE S AR iR T2 5
A E R,

A= RO A AR 5 4 ) 6 e v UL X3
BIRRTEoRE = UBUB MR X P 324 1) B v Ui
FEX BRI — R NI, RS A3 5 (AR
GifE 5B AR SR A R ER, (R
MRS BB B R R S R IE AN . Ho,
RMV-NW RIG 45 R BIRTE 8 H 17~27 HEG &
TR IR ME A IR, 0 R AR R e iy B 1D
M B . P2 & PS Ay BLh[A] P45 X 381 3 de v il
B 5 R I i 2 4E 8 1.331°C, B4k, RMV-
NW [ 56 45 5 27~ 50 [X 3 3 LA R 7R DY )1 2253
FEERRI A, HAHXEEEERDN, RHiZ
32 5320 36 2% AF 6 3 A Hh XA KU (B 10a,
d). RMV-SE iR 46 (1) 32 52 i 1 I B 32 222 8 H 22
HE9H4H, mRKiREHMESH 25H, &
1.42°C, FARI[A1E FE IR ERAR /N P2 2 PS I [H]
PEIGER S, RMV-SE 3R56 X 3807 ) e il i 5 4%
FR LS I 2N 0.768°C. RMV-SE 56 1) 32 5 i

OB AR A AE DU )1 2R AN B R P — A, Yu R,
R FE I PR E AR S /N (B 10by ). T [R5
JE 22 B P b T DA % 2R R I 3 SR AR R e 4E S S
RMV-ALL {5 F 3 i FE fe oK, P2 2 PS5 B Be#f i
BT E R, XSRS P2 & PS MY B
IR T 2.12°C, DUNIEEH—A 25 mi e S, iR
FE 2B E] 4°C LE (B 10, s

BT 25 0T B = R M R e 5 4 6 1Y
Bk Jo B FE 0 LU, &5 R XK 2 i
BB, Hp, RMV-NW 5 fF
KEM 8 H 20 HZ 5 LB E N, FEXT34)
R, ZHBRVGILILA ISO 555, MKLE P1. P2
BB B S48 (8 A 15~22 H). fE P2 & P5 Iff[H]
PN, RBRTEIbI S K B AR R A T
7 1.570 mm. [AR, RMV-NW R4 1) 35005 R
B A /N TH R . AR T35, RMV-
NW 056 7 il F A A I S [e) B, 4380 AR
A B 32 R X A BLAE 29°N BAE, FEE DY)
HACEHIX (B 11a. d). 7£ RMV-SE k36, [%



K " B 50 %

1126 Chinese Journal of Atmospheric Sciences

Vol. 50

40°N4 -

25°N !

10°N +

90°E 10I5°E
P27 nes

40°N{

25°N-"-:j;"'v~‘:

10°N A

40°N A

25°N-

10°N{

40°N R

25oN4d'

. Lot
10°N A ST

90°E 105°E  120°E  135°E

150°E

40°N4 -

250N 1.0 Lo

10°N +

90°E 105°E  120°E  135°E  150°E

40°N -

25N

10°N

90°E 105°E  120°E  135°E

150°E
0 1 2 3 4

7 [ 6, 1HJy 500 hPa i FsE .
Fig. 7 Same as Fig. 6, the 500 hPa geopotential height.

KN £ LA P3 E PS B (8 A 23 H
~9 H 5 HD, HARN B S i maleas R,
i (6] 5P 2 SR B 0 7 1.146 mm, KT RMV-NW
(RsEme, RPEIKSZ AR ML M N T . Ak,
I B AR X A ARG A N R B, HLE S I
B M (E 11b). LA IDR GG E
X g5 B LR ) L A . 5 RMV-NW
BORWR R, SRR 2/ AR AR
LB IR, TSN PE AL I T IR, (A
HR SR AR, R IUGE R Z P ki 5 1SO 15

SIS E NS (B 11e). [FI LRG0 A
KRHIFHIISO 1555, MuKR-3EREt 2Ol LT
SR, P2 £ P5 INIAE R, BURIE IR
BRI T 4.009 mm, KT R AT EHIL R0
FEEsZ . ARECT AL, RMV-ALL 13808 £
B K ZEMEZ) 004 m® m™, FE/KERINAE P2 £ P5
MBOUHEAR, 8 A 31 HAl/EHBEAE, £ 10mm &
fi (B 11e). FRIHE, IR H X R 3 T+
BRI, JCHAE 103°E UA E HEPAH /1
X, CAUY oAy oo R BV R R A (B 11D



4 34 RS 1SO {55 2024 4F 8~9 J v [ 7 w1 [X. eyl T 54 52 15 0 S5 AR R 5200 3 A

No. 4 LI Yonghua et al. Impact Analysis of Intraseasonal Oscillation Signals on the Compound High ... 1127
0.40
(a) I ERAS 104 (b)
314 [ WRF
r0.38
301 81 L 0.36
@
O 29 E -w4f
<
g € 9] E
2 8 o
© E r0.32 %
Q 284 = ©
£ 3 £
(3 = 44 F0.30 =
~ [N - >
274 @
r0.28
26 1 27 —— ERA5-Pre
~—— WRF-Pre L o.26
—— ERA5-SMOIS
251 —— WRF-SMOIS
. , : . : ; 01, : : . : ; 0.24
Aug 15 20 25 30 Sept 4 9 14 Aug 15 20 25 30 Sept 4 9 14
2024 2024
Date
34°N 34°N
33°N 33°N
32°N 32°N
31°N 31°N
30°N 30°N
20on I S ‘ 29°N N
. > AR
R
28°N 28°N A N
..... ARRERY r
AN U )
L. - . N v . ) \1 ; i L}
ndm K A . ¥
s Y ¥ W 27°N IERRRE
(SR v
......... LU B B VRS
26°N 4 T Y . 6 T . } At {
102°E 103°E 104°E 105°E 102°E 103°E 104°E 105°E 07°E 108°E 109°E
16 20 24 28 32 36 40 °C

B8 20244 8 A 15 HE 9 /I 13 H ERAS Forirsokl (JE4) 5 WRF BB () M (a) DM THR&EIRE (R °C) B
FFFRX PR KR (fi: mm) BERFEEML, (b) ERAS %RH (4%, Wigk) R WRF BULL (Z02k. Wil MEHRE CRfi: m’ m™)
BaS A4, P2 2 PS FYEL (¢) ERAS MBS (d) WRF BB b i il B (e, #fr. °C) K 850 hPa 37 (Hipk, Hufir:
ms ) B

Fig. 8 Temporal evolutions of regionally averaged (a) maximum temperature (units: °C) and (b) precipitation over southwestern China from ERAS5
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Table1 Changes in variables of sensitivity experiments under different boundary removal conditions compared to the

control experiment

RMV-NW RMV-SE RMV-ALL
Temperature —1.331°C —0.768°C —2.120°C
Precipitation +1.570 mm +1.146 mm +4.009 mm
Soil humidity +0.023 m’'m”’ +0.013 m’'m” +0.040 m’m”
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Fig. 9 Spatial distributions of soil moisture decrease (shadings, units: m’ mﬁs) in the control experiment compared to phase P1 during phases (a—d) P2

to P5.
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Fig. 10 (a—c) Temporal evolutions of area-averaged maximum temperature (units: °C) from (a, d) RMV-NW, (b, ¢) RMV-SE, (c, f) RMV-ALL

sensitivity experiments (yellow lines) and the control experiment (blue lines) from August 29 to September 13, 2024. (d—f) Spatial distributions of

maximum temperature differences (shadings, units: °C) between the three sensitivity experiments and the control experiment during the P2 to —P5

phase, with hatched areas indicating regions passing the 95% significance test.
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Fig. 11 Same as Fig. 10, but top line for regionally averaged precipitation (control experiment: blue line; sensitivity experiments: orange line; units:
mm) and soil moisture (control experiment: green line; sensitivity experiments: red line; units: m’ m), bottom line for differences in regionally

averaged soil moisture during the high-temperature event.
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Fig. 12 Spatial distributions of time-averaged geopotential height differences (shadings, units: gpm) between the RMV-ALL experiment and the
control experiment during phases P2 to P5 at (a) 200 hPa, (b) 500 hPa, and (c) 850 hPa. Hatched areas denote regions where geopotential height
changes pass the 95% significance test.
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Fig. 13 Possible physical mechanisms of the influence of different ISO signals on compound hot-dry events in Southwestern China. The red box

denotes the Southwestern China region, the solid blue line represents the average positions of the South Asia high and the Northwestern Pacific

Subtropical high during the 2024 heatwave and drought event, and the solid green line shows the climatological mean position.
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