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Interdecadal modulation on the relationship between ENSO and typhoon
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Abstract: Different EI Nino-Southern Oscillation (ENSO) events exhibit pronounced diversity during their decay phases, and
the rate of ENSO decay can substantially influence the locations of tropical cyclone (TC) rapid intensification (RI) over the
Western North Pacific (WNP) in boreal summer. To quantitatively characterize ENSO evolution during the decay phase, this
study introduces a new metric, the ENSO Changing Rate (ECR), and reveals the modulatory role of the Interdecadal Pacific
Oscillation (IPO) in the relationship between ECR and RI locations. The period 1951—2024 is divided into three subperiods
(P1: 1951—1978, P2: 1979—1998, and P3: 1999—2024). The results show pronounced interdecadal variations in the
correlation between ECR and the longitude of RI occurrence, which are synchronized with IPO phase transitions: a significant

positive correlation is found during the negative IPO phases (P1 and P3), whereas a negative correlation emerges during the
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positive TPO phase (P2). By modulating the ENSO decay rate, the TPO alters the large - scale atmospheric and oceanic

responses over the WNP during ENSO decay summers. During the negative IPO phases, ENSO events tend to decay

rapidly, leading to more favorable atmospheric and oceanic conditions for RI over the western WNP, such that ECR

effectively regulates the longitude of RI occurrence. In contrast, during the positive IPO phase, ENSO decay is slower and the

large-scale environment over the WNP becomes less favorable for RI, with RI locations being more strongly influenced by

TC tracks and environmental conditions along the tracks. These results provide physical insight into the interdecadal

modulation of ENSO impacts on RI and offer a scientific basis for developing RI seasonal prediction models with interdecadal

adaptability.
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Table 1 Correlation coefficients between ECR defined
over different periods and tropical cyclone mean genesis
longitude, RI - TC mean genesis longitude,and RI mean

occurrence longitude

3—=5H(J%K40.067) 0.16 0.21° 0.30"
2—5 A (JF240.064) 0.09 0.20° 0.22°
1—57(J5 %4 0.063) 0.08 0.20° 0.24"

*FRIR p<<0. 1,%%38/R p<<0. 05
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Fig.1 The time series of (a) tropical cyclone mean genesis longitude, (¢) RI-TC mean genesis longitude, and (e) RI

mean occurrence longitude (bars) over the western North Pacific during summer, and the ENSO phase-locking

mean Nifio; 4 (line) from 1951 to 2024; panels (b, d, f) are the same as (a, c, e) (bars), respectively, but for ECR (line)
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BITPO X ECRE RIE A S EZ M LR HA B
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28 A SRR
2.2 AEREENSOZE &R K R EIRER T
h T — T ECR 5 RI & A 4 8 AR bR AR
R A SCLR A IR TPO I AH 75 4 RRAE K
ECR 5 R 2 B AH G 0 AR PR 22 55, 0% 0 58 B
B4y = A B B P1O(1951—1978 4 ) , P2
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(a) TPI & r (All Genesis Lon vs. ECR)
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The gray dashed line indicates the 95% significance level. The
black solid lines mark the years when the running correlations be-
tween ECR and the RI mean occurrence longitude change sign
(1978 and 1999).

2 19512024 F 6-8 ABILAF ¥ (a) FHAHESHET
WEREZE.(b) RI-TCEHEREZE . (c) RIFHRESR
ESECRH19ERBHEXRAH(ER; BRELIRERT19
ERFEOMPOER), AREIE TPIHEH (1 2k)
Fig. 2
and (a) the mean genesis longitude of all TCs, (b) the

19 - year running correlations between the ECR

mean genesis longitude of RI-TCs, and (c) the mean lon-
gitude of RI occurrence over the western North Pacific
in June~August from 1951 to 2024 (bars; the x - axis de-
notes the central year of each 19-year window), together

with the corresponding TPI (curve)

SR ENSO 3 3l 4F iy (£ 2). & 3C# & 5 9 0
ENSO % il 47 5 28 94 46 K73 TC 3 30 19 48 AL bR
E5H.

g T — 2 T S BRI & AR 20 R A RS 1 A
KHZE, LB T AFE B AR ENSO 3 38 4F

£2 T EHEENSOFRFEH
Table 2 Different ENSO decaying years under different

phases

K BL ENSO FE AR

P1 El Nino 1952,1958,1966,1970,1973,1978
(1951—1978)  LaNina  1956,1965,1971,1972,1974,1976

P2 El Nino 1983,1987,1992,1995,1998
(1979—1998)  La Nina 1985,1986,1989,1996

3 ElNino  2003,2007,2010,2016,2019,2020
(1999—2024)  La Nina 2000,2001,2006,2008,2011,2012,

2018,2021,2023

T TC AR A BB TC B 8l 48 & R A B
(& 3). 7E IPO i f5i AH By Bt (P1 #1 P3) , El Nino %
WAEE B (ECR<0) RUEAZE KX TC AR &
AR VY, 1M 7 La Nina Z ik 4F 5 2= (ECR>0)
DURR T i 4= (1 3) . ik —4#1E 5 ECR 5 RIK 24
JE R TCH M E R IEM XM R —%(E2).
Fb 2 &, 78 IPO IE {7 AH B B (P2) , RI & A 48 5 7
El Nino % )8 4F H Z #H % La Nina 55 I 4F B 25 % K
W%, 5% Br Bt ECR 5 RI & 1k 28 B 5 A1 & 0
FRIEAH—3 . AT 0 A — Bk R E £ PLATP3
B B, RI & A B 5 RIZTC A i B AE 25 6] B
A8 1 — Bk RIS 2 A A AR Uy
VT . BRI, A TPO IEAE A (P2) , 33 Fl— S0t B i ik
55 , R A= 0 B AR X T A= iU 5 A R B W 25 4
K, JUHAE El Nino % Il 4 5 7%, RIS 2 &k A4 AL &
P 7] RI-TCF 34 i 8 DL AR . Rk g i,
TC A B L B4 RTE A & BAT — 7 1Y 25 0] 5%
Wi, H i /R Bl TPO i A T A8 46, 76 TPO f 57 A By
B (P1 AN P3) 8ok W 25, 1M £F TPO IE 57 4 By Bt
(P2) B Sk 55 .

h T ik — T ECR B FE R, 7R 343
Y HET PL, P2 A P3 By B Wi Ff TC A il vk 4 4K
(ENGPI I DGPI) 5 ECR 84 5 & ¥ 25 8] 4 #ii
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Black and red dots denote the genesis locations of TCs without and with RI, respectively,

while pink crosses indicate the locations of RI occurrence.
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Fig. 3 Locations of TC genesis (dots), rapid intensification (RI) occurrence (crosses), and their tracks and intensity

(shading) from June to August for (a) El Nino and (b) La Nina decay years in the P1 phase; panels (c, d) and (e, f) are

the same as (a, b), but for the P2 and P3 phases, respectively
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Fig. 4 Spatial distributions of correlation coefficients between ECR and the Emanuel-Nolan genesis potential index

and the dynamic genesis potential index (shading) during the (a~b) P1, (c~d) P2, and (e~f) P3 phases
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Fig. 5 Spatial distributions of correlation coefficients between ECR and (a~c) SST, (d~f) 850 hPa absolute vorticity,

(g~i) 600 hPa relative humidity, and (j~1) vertical wind shear during P1~P3 (shading), vectors in (d~f) denote
the 850 hPa horizontal wind regressed onto ECR
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Fig. 6 Evolution of SST anomalies (shading, unit: K) associated with El Niio events during (a) the mature phase (from
December to February), (c) the decaying spring (from March to May), and (e) the decaying summer (from June to Au-

gust) under the positive phase of the IPO; panels (b, d, f) are the same as (a, c, e), but for the negative phase of the IPO

(a)IPO+ D(0)JF (b)IPO- D(0)JF
30°N </ 30°N E -

0.8
A - N | 0.6
90°E 135°E 180° 135°W 90°W
. ()IPO+ MAM 6.4
0.2
Nk
g .Qm)\ _02
Jﬁ i
90°E 135°E =04
f)IPO— JJA
30°N ® -0.6
/ Y
-0.8
=

90°E 135°E 180° 135°W 90°W 180° 135°W 90°W

7 [EE 6,824 La Nina B
Fig.7 Same as Fig. 6, but for La Nina events
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Fig. 8 Evolution of anomalies in tropical cyclone heat potential (shading, unit: X10’ J'm™) and the vertically averaged

zonal ocean current in the upper 100 m (vectors, unit: m's™') associated with El Niiio events (a) the mature phase (from

December to February), (c) the decaying spring (from March to May), and (e) the decaying summer (from June to August)

under the positive phase of the IPO; panels (b, d, f) are the same as (a, c, e), but for the negative phase of the IPO

A H 2= TCHP 1Y =5 [8] 43 A5 76 AN [ 19 TPO i A
TR 255 . A8 PO i 4, El Nino T i 4F
HZEPAL KPS TCHP B &, 8 TC 4k
A BT B I 7E % X R A RTEE AL T 58 43 1 1
I S P (B 8E). #R T, 46 TPO IEA A, PE L K
PR VE E TCHP 5 308 19 45 3 35 5 4 A
(1l 8e) , RI MY A A= BEAK 8 T TC B 3l B 42 1 1Y g
o TCHP & F i Al A Al X3 ) R RBE 3 5%, il
19 RUR AL B 5 TCAE RS 2 ] f 25 i 35 1
K (& 3c F1E 3d). 1F La Nina 2 4 , TPO 1 (1E)
A7 AR, P b K7 1 VG A7 AE B 3E W TCHP 1E
() 5% AR F 6 ) TC P M RL A
A (E9).

fEIPO AL AH T, A KOFVE SST 5 AR
B R A g X AP TCHP B3 1, %
AH I 23 AR [ PG P43 G0 3, DA T 42 /R EN-
SO B A % . iz ik B2 K2 5 K 58 IF 58 1k

Bjerknes it S {5t , 42 3 1 1 1R 5 J2 B2 7K 1] 7Y i 3%
SR A 2 ORI 0 AR T I S R L 1M
EIPO IERIAH T, IR S PR I 55 , b J2 9 U A4 o P
S3 BCASCR R, W2 58 Wi B8 ) ) 4, ENSO 32 3k
Ul 22 . TPO 3 o B[] 3 45 Pl KPR B 2 S
i A0 A Walker 383 58 B K | 2 W8 7 8h 1 f
LRGN ECR; #F— 28 b KFEE
Z TCHP, VWS 1 RH 1 75 [8] 4 A, iff 0 4
ECRHMRIMKZ .

3 #£ig

Guo and Tan"" ¥ ENSO *F RT § i f4 iF 55 M
e G i AH 0 e 2 8 b L VR K T % ENSO-RI G
R WINFN AW 5T AE LA b5 Br T A R ENSO
T B B B R RU& AR G B (5 m 42 T — A
B A ——ECR, DA 55 4 1 2] i) ENSO % i
B Be i FR AR, F i — P48 I ECR X T H & RI K



2 i AR ENSO X PG b A7 A XUER 388 550 007 B 52 0 59 44 bR AR Ak K LB - 201 -

(a)IPO+ D(0)JF Currents (b)IPO- D(0)JF Currents

30°N \ = 30°N

e

o \\ 04m-s’|
5 N>

90°E 135°E 180° 90°W 90°E

Currents

90°W

Currents

104mst
A

\y o
_\(‘).4 m-s?

90°E 135°E 180° 135°W 90°W 90°E

Currents

90°W

Currents -30

{04ms!
N—

9 [FE 8,824 La Nina B4
Fig. 9 Same as Fig. 8, but for La Nina events
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