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Abstract: This paper investigates the inter-decadal differences in the impact of ENSO events on
intraseasonal summer precipitation in eastern China. During 1991-2024, early summer (June)
following an EI Nifb event tended to see increased precipitation in the middle and lower reaches
of the Yangtze River and the southern regions, whereas late summer (August) precipitation
experienced a decrease in these regions. This inverse-phase relationship underwent a significant
inter-decadal shift around the early 2000s. A comparison between the periods 1991-2003 and
2004-2024 reveals that in the latter period, the relationship between ENSO and precipitation in
August of the following year in the middle and lower reaches of the Yangtze River and the regions
to the south got weakened, making it less likely for widespread negative precipitation anomalies to
occur in this region. By examining the concurrent changes in sea surface temperature (SST) and

atmospheric circulation that were associated with ENSO events, we have foungd, that over the

Meanwhile, positive SST anomalies over the northern Indian Ocean becamfe ¢
Consequently, the anomalous anticyclone over the western North Pacific
transitioning into a cyclonic circulation, which was detrimental
middle and lower reaches of the Yangtze River and the souther
configuration, at 500 hPa, the East Asia—Pacific/Pacific—Japah t
a “+ =" into a “— +” pattern in August of 2004-2024, while at 2 a the East Asian subtropical
westerly jet weakened. These two kinds of changes both were unfavorable for precipitation
deficits over the middle and lower reaches qf ngtze River and the southern regions. This
research clarifies the inter-decadal modulation 0 O’s influence on intraseasonal summer

precipitation in eastern China and cagr ppavide a th
level of intraseasonal precipitatio
Key words: ENSO, eastern Chin

ratical basis for improving the prediction

r-decadal difference, intraseasonal variation

5 5
Hh [ 2R B A / NN S ETER RO, R RRKFHK XK
C hCEA S, 20250, ARMHEFNE T T i EAREE TR AR, HAHE

H A A A (C
RN i v R 0 O 2 P K R AR A B R i B 3OS IR R o T A BAT LB

ng et al, 2007; Ding et al, 2021; Liu et al, 2023; F 545, 2024). K,

ENSO J& M AR 02 2= KU R B DR 1, 3 i HAE S IBOR U AL R PV (western
North Pacific, WNP) % e/ e F Gust Wil i [ ZR 30 5 =Bk, & BRI B /K T il g
HEMIE (Huang and Wu, 1989; Wang et al, 2000; Zhang et al, 2017; ' T4, 2025; 14 {4 [0
&, 2025). PG AU LSRR, BIENEEVE-TE R R4 (Indo-western Pacific Ocean
capacitor, IPOC) (Xie et al, 2009; Kosaka et al, 2013) ZUNLEPEIL A FHER & R SIER S
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(western North Pacific anomalous anticyclone, WNPAC) (4t ferhie # EEMEH . Ak
M, £ WNP XI5, El Nifd &1 WNPAC g M 8 R AL X5 1 405 X, it
A7 R =R S AL (A 122 X S L7450 (Wang et al, 20000 Sk, WNP 4 1
i it K< Rossby i 5 #5 B 4EHF WNPAC. [Ai, EJLENEEYE (North India Ocean, NIO) [X
B, RIS T WNPAC IZ4ERFt A EEAE . U RURK G, ZRiE AR AR JE X
HER X -ZE A IR R R BLA (2 NIO #FIETH = (Du et al, 2009). 1t4h, WNPAC F il
Y25 DRSS A 2 P B BE Y, (R RE AT R T X 338 U (W et al, 2010; Kosaka et al, 2013).
El Nifd 75 32l 5 2251 K 1 NIO SRR — IR R PE Kelvin JH 75187 &4k, I

KR Ekman 8B4 £r WNPAC (Yang et al, 2007; Xie et al, 2009; Wyt a&o

; Xie et al, 2010; Yu et
A Wang, 2000), 5
BEIRIE, ZRME 22X ENSO (1) 37 1 B 2 35 5% (Wang et al, 2008, Xie et al, 2010) . i X
—A EEFERE, El Nifo SF51k O MR FI ok BEANEZ, NG E T
ENSO X} 7R V2 Z= K520 (Huang
TR AR AL, HARFER I

Hu et al, 2020; Cai et al, 2021). #¥

A1, BEMIS1 R ENSO 5 AR ML H Z= KK &R AR FR#4E (Hyan
al, 2025). #1120 th&d 70 AR H LK, ENSO iﬁi«ﬂzd;

al, 2010). ENSO 7 21 W& T
R 55 (Yeh et al, 2009; McPhaden, 2012;

¥, ENSO HZR K Z= X ¢ R LE 21 tH4 00 4F

RUIHZ T T #i i EABRA 4L (Liu et'al/2024; Yu etal, 2025). Liuetal (2024) F&H, AH%E:
T 1979-1999 4, @ENSO SRR E 5 KR R A FTiEsE, (15
UAER FRYNIL R BA K. Yuetal (2025) FIBFAE, H 21 224350k, ENSO
IR £ IR IGES, JCHAETERE 8 HECN R . X—Z T2 ENSO

ST RE P LA T U AT BN S B IS, DAL WINP DX 5 2 IR 17 8 45t H B
FHgiRA ¢ (Yuetal, 2025). ENSO 542 3= X R MR A /i — D IRAIRIT -

R HEZ=REA B b2 N HERERAIE, 2w, thEZREE FE WA E 6-8
A rdbifedt, B EMZET N (Ding and Chan, 2005; BRS04, 2024). Sk,
ENSO X o [E 5 Z= K e AFFE 2= 5 N 2253 (Yun et al, 2008; 351 R B 5@ 0%, 2010). £
XF 1979-2007 FJ11H] EI Nifo S £ H 32 BO o [ 2 Z=FoK I 7T Eon: 6 H K

FERILLFE W2 . IO > 7 A RIS A X K 2 . R r i K D
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8 AN L BKAT ALK 2 « LURE /D ) 70 ARSI (BRSO, 2010) - X 25 JER W],
Z1T A0 R R U B K -7 HL 2 (PVREE, 2025), FERTF 7T [ 2R 0 B 2= K it
ANETERHIZET P40 B . thAh, ENSO 5 AR R F X Rk RIEAFAEFRFRA, (XHET
B 34T ENSO S B 7R B 2 F= K M ] g sk = ARk . 2810, 5T ENSO Hff
X e B AR B R K A RUBE RS 2 5 AR AE SR AR BR A IR AN 1 T o [RIIN, 66138
IKBURE, ENSO A0S 38 B AR A 22745 A BRK KR AR A2 5 5 A AN g5 — 2, it —
WIAE. ik, ASCRERIFHT K BRI 7T ENSO 6} 3B 4536 5 2= 4 /K 2271 A AR A0 I 5
L AT REMAEACRRRAS, DU 3R T4 3 K Tt e 70 3R LB 14K 8

1 BImAIGIE \
2.1 BiiE
! }%ﬁéﬁﬁ%ﬁﬁo B K
,@@m #54% (CHM_PRE)

A SCHRFU A1 FE g 1960-2024 4F, i F Tt IEMJ\#T
S JE BORHCERLAL: mm/dD ok B 205 i e R AR 2 Al 0 0.
(V2 JRA, KP4 #E% N 0.120.1° (Hu and Miao, 2023) . i %
al, 2017) >k H £ H E R g R UVE HLR FFRIEEIRAS 5 (ERSSTVS), KP4

R 58 FLARH 43777 i R ) 100-1000 hPa

IS BT (PAAL: Pa/s). 850 hPa 45 [ Xk

8L (HLfi7: T) (Huang et

)+ 10 m Gifa] KUEFNZ [ XGE - CRAL: mis).

/2//%@ 4% 7y 0.2590.25° (Hersbach et al, 2019).

BB E (R

2.2 Hk
2.2.1 3 5 e X
Y NyiiE < 1960-2024 A=W IE)YE N HEAT T Lbpek it b #, FEPEE T

1991-2020 “F AT . 4&ZF Nifp3.4 F58UE N (5B-5N. 170=-120W) X111
WER AR 12 A WHELAM 2 AT, 526 6-8 A. Wil ERBRKREST &
(] 1 7T 4 NiPD3.4 T8 BB AT % B K I7 % ENSO HLFIImIR, Seit4h AR A 2 A i AT
BEHERL . 22 0 T IFRIEK AT (2006 ) X 7R &I #vis =t il 248 201 e S0, ¥ (30250 N,
70=-120F) [XF34 1) 200 hPa £ i) KUH & S 7R 0 Rl ARGy SO 3 B F 4

222 & BB L FRFEIRIRA
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AR 11 a 153 448 54K ENSO 55 K5 5 5¢ R AP AT 1. 1830 i
I 2 5 P AR AT R 22 A 1 B R IR R (BATE, 2007) 0 XF F— M n M
AREIEFI] X, BRI ZONHNE R TR BUT P81 xq A X IREA R 25508

ANy, JOPEIES IR FIX,, AN ST RS . RIS R E SUA:

<

_L,i =12,..,n—(n+n,)+1,

ti_
s [L41
non,

2 2
ﬁ¢:ﬁ%ﬁ%@ﬁﬁ$ﬁﬁq+q-2%tﬁﬁ,s=/%%%¥%o

RS , ER SN a T, 4Rt
ﬁg@ﬁmﬁﬁ%ﬁmmwﬁﬁﬂgﬁﬁ;&z,mmﬁ% AL T k. (e
FME SRS b, IR VA R 0 A AR B 47 24
2 GERE545T

3.1 ENSO ®lhE%KE

KA CE 107 7 J, El Nifo FAHERIT A T LR ALK W2, msaiE
. VL AN AR R X B K D> (B 10D BIREE 8 F, B K 22 X3 2 H LAE s v
Al AN P AL DX, 1T R K 2D DX AT R R R BT R A X (B 1dD . k
RG], ENSO Xof Ho [ 7R 5 52 2 N 7 R S e B B SR R 2= N L HERRAE, XS5 AT
S50 —E GEFAITOOE, 20100, FPRITERME (2010) MIWFFLERIEERY], B4 El Nifo
Xf E K ZET N ACHERZ R, AR (6 H) AR (8 H) MK MR RIFEKIL Rl
Fe LA i DX 52 I 30T AR I B 23 8 53 A1 o AR SCEE KB T R R 45 SRR X —RFAE AT B AR
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DL, H UK IR I SRR ZE R AT 70 AT

(b) June

20°N -
110°E  115°E  120°E
., (C) July (d) August
40°N 1= T

— 20°N -+ - T 5 T T \
110°E  115°E  120°E

g{}:}r 4 40°N

20°N = T T 20°N T T
110°E 115°E 120°E 110°E  115°E  120°E
== B> mm day
1.2 -06 0 0.6 1.2

/

er/‘ 0.1 AT RZEERE: CFRD: HES: GS (2024) 0650 5 (FIFD.

HEZRA (a) HFFE, (b) 6 1, (¢) 7 M (d) 8 H /K5 L REF X b e AL 1 B &

NifD3.4 $5 2 H [B1H R B A0

Fig. 1 Distributions of regression coefficients of precipitation intensity anomalies in (a) summer average, (b) June,

(c) July, and (d) August in eastern China against the standardized preceding winter Nifp3.4 index for the period

1960-2024

FNAE7R ENSO X o [ 2 3 kA 2R 21T N B K2 R AEAR PR ARk, ASCX) 19602024
8] o [ AR B E 2= N oK R ATRT A& Nifp3.4 F68GH1T 7 11 a WshMCa i (B 2).
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Fig. 2 The 11-year running correlation coefficients between the precipitation intensity averaged over zonal
110=-124E in (a) summer average, (b) June, (c) July, and (d) August in eastern China and the preceding winter

Nif3.4 index for the period 19602024

R R AL ARFE A 9% R AE 21 2 00 AEARAIII e R AR T MR AR . W12 J5, ENSO
PRSI A N il S LA HUIX. 6 ] Bk B 520 5 T HIRE1, (B0 2 X3 8 B 7K AA) 5 i S 25 Uk
55 (&l 2b, 2d) . Jyik—B 74, ASCH & 2d Hr 22°-32°0N X134 1)1 B AHD
BEAT T 11 a g sh el (& 3b), S5 RN =AM E R EARPR LT
1991 41 2003 4. 1980 41 J5, ENSO 5 U4E 8 H K AT A Rl & Lifa il
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fiAH. Anand Wang (2000, Xieetal (20100, Hu etl i(zgﬁu etal (2024) it
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£ 20 FEAX 70 A E B 21 142 00 4 SRR A R A G BRSO S L
AT R, B R FUIN B E Ty 999
P TI BOHAT X A . b
KABUN 6] 7 AT T Yo 22 S h B,
KA REAZA,

024 4, IR H K143 1991-2003 4 5 2004—2024
RTINS (222-32ND) 1IAH
14 R, 6 H IR REAE IR BLRIE IR




192

193

194

195

196

197

198

199

200

201

202

203

204

(@) 11-year running correlation

— AR

01 \/
P ﬁ/ ) It
2 A
£ V]
§02 |
£
g 0.3 :
O.04 \qu

(b) 11-year running t-value
15 —_—
f\ U RSN = 4 2262 a=0.05

10
§ 5
[
o0

; N
-10
o o o o o
& é‘ \é\ \'§9 o cﬁ\ rz9\
e B a PR RO AEAR BRI 18] 7 t-*ﬁ?/ﬁﬁﬁl }

P, Ao K PIRFER (1) 6 H A8 P I /K 55 FE 18] U £ i 4 NiFp3.4 #5451 (8 4), LL

S IH M A 2 % of R A BERRAK (52 22 57 . 1991-2003 4EHATH], El Nifo A
IR RVENERISTR V%ﬁi&@ﬁ%m%% (Kl 4a), 8 HATLHA Tl b LLRG HiLIX
T B K g /0 B 4b) . 20042024 4EHITR], El Nifo S4H5H R I4F 6 H AT Fif & LLFS
X (BRTEFg TN ZKMZ (Kl 4c). HETZFAE 8 HRIKXARMIS, El Nifo AFT
WAL AR X R K b, 7Kk g2 XIS PR TIE R AR (B 4dD. 4k, ENSO XK
YL S LARg 1 X R 525 05 B K SR A BE M AR AR o 22 3t - AR BIAE 8 ) B RE A 55

Fo TOCR MR, BRI A BT IR T




205

206

207

208

209

210

211

212

213

214

215

216

a une 11-2003

c) June (2004 - 2924)

40°N

40°N

30°N g

110°E 115°E  120°E

' i ‘ust 20042024 ‘
/’J d
35°N : \
30°N - CTRE Y 3
o
| 250N V%
- w’l ,") f
] 2 7
20°N y Yy oS | 20°N LA | AN |
110°E  115°E  120°E 110°E  115°E  120°E
- RN mm day

-16 -08 0 _0.8 1.6

Bl 4 (ab) 1991-2003 4E, (c,d) 2004202 ZKER (a,¢) 6 A1 (b, d) 8 H F&KREE IHF-%F brifk

JURRECE/GOIEVEES - il
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Fig. 4 Distributions of emm precipitation intensity anomalies in eastern China in (a, c) June

and (b, d) August against the standardized preceding winter Nifp3.4 index for the periods (a, b) 1991-2003 and (c,

d) 20042024
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WNPAC, %} 7= 37 X B 7K 43 A7 7= A5 E5 B 5201 (Zhang et al, 1999, 2017; Chang et al, 2000; Wang
et al, 20000, ASCHE—H M 15 ENSO HAFAHSC [ WNPAC 1515 . 1991-2003 45]A], 6
J WNPAC 5l i /K i A b T i b DL X 5 3l Kk i %2 (18] 5a); 8 1 WNPAC
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Fig. 5 Distributions of regression coefficients of precipitation intensity anomalies (colored) and 850 hPa wind
anomalies (vector) in (a, ¢) June and (b, d) August against the standardized preceding winter Nifp3.4 index for the

periods (a, b) 1991-2003 and (c, d) 2004-2024
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Fig. 6 Distributions of regression coefficients of SST anomalies in (a, ¢) June and (b, d) August against the

standardized preceding winter Nifp3.4 index for the periods (a, b) 1991-2003 and (c, d) 2004-2024
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