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TC MR, RZIMR. 1 ENSO X PG Jb ARGl AU e, FZARBLAERT 38 TC ¥ 4E AR SO i) 56 i,
El Nifio RJEAE, FXAEIREARM, TC A BmZAR, thT TC ElgFE LI Edr LK, TC 17358 5 fn ok,
R 58 TC A4 R 2 ; La Nifla R RE, FRMREZ, TC EMMEMmMIG, TC WFLMEMES, ¥ TC
R A 2D o H2 ENSO 48405 5 TC HE B A A H FACBR A4, 78 1950~1969 FF1 1990~2009
fEIR], ENSO FEHME TC ESMBM DGR, 43918 0.532 F1 0.687, MifE 1970~1989 iX —-1-4E[A], # & Al
Ry, HH0.081.
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Impact of Indian Ocean Basin Warming and ENSO on Tropical Cyclone
Activities over the Western Pacific

TAO Li and CHENG Shouchang

Key Laboratory of Meteorological Disasters of Ministry of Education, Nanjing University of Information Science & Technology, Nanjing 210044

Abstract The relationship between warming of the Indian Ocean basin and tropical cyclones (TCs) in the Western North Pacific
(WNP) was investigated and compared with that between El Nifio—Southern Oscillation (ENSO) and TCs in the WNP. Abnormal
warming of the Indian Ocean basin is correlated well with the total TC frequency (especially for weak TCs) in the WNP. Warming of
the Indian Ocean basin occurs during the abnormal anticyclone in the WNP, which suppresses convection and TC generation, and
vice versa. ENSO affects mainly the frequency of intense TCs in the WNP. In an El Niflo development year, the monsoon trough
deepens and stretches eastward, causing TCs to be borne eastward. Because TCs have longer lifetimes over the ocean, the frequency
of intense TCs increases. In a La Nifia development year, the monsoon trough is shallow, causing TCs to be borne westward,
decreasing the frequency of intense TCs. The relationship between ENSO and the frequency of intense TCs also exhibits a decadal
variation. The correlation coefficient of the ENSO index and TC frequency was 0.532 and 0.687 in 1950-1969 and 1990-2009,
respectively, whereas it was only 0.081 in 1970-1989.

Key words Indian Ocean basin warming, ENSO, western North Pacific, tropical cyclone
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BV TR B8 = ROKAA, 2 R 2=
KK FEELYE 2 — (Zhang, 2001). H Yang et al.
(2007 ) of EJ1JSE A 7 4 10 o) 1 MV vt s 55 G A AP
PRI s R BSEIRAT ST AR, B REVEIRF
U P Sl NG B2 2 B 95 S s T T E T R T
R —, PFEN AR K E4E El Nifo
FIFEIRAE (HIRTE TR AR VYRR S 1 S0 BNV
BEAT 78 WL, T R BN VR RIR L (SST) XK
i ENSO W RARZS ), FEAZRIL R, i H.
AARGF I FRREENE, AR A AIT15 52 2= 1 V. e 1 v 9
(Yang et al., 2007; Huang et al., 2011), PHALA P
FERl R R T CGRRERIZEERE, 20095 WIS,
2010). Zhan et al. (2011) FoHIHFFUR AT A< Bl
JEVEIGAIEE (ive) 5 PU AL 1 ety ~Uie
(TC) EMABAMRIF IR, 5 TC 1
FEAHRANK, M58 TC AR %2 252 ENSO IR 5211 o
Zhan et al. (2011) F-3A7 45t RAGHT B G 14 1
5 R EVERIBE ()5S R o Duetal. (2011) Hidig T
=K ENSO FAH 1 A REAE 5 g A7 (1 TH AL KT
TC BN HIRFAE o Ay AR SOREE OB B REVE X IR,
SKERFTIT 60 FFEAKENEVE SST AR PR AT Py JL K
PERHE TR R 521 o
H AT ALK TC G SRS F
s ST B VI R, X 28 K RS R G
BAAEAE S ENSO IR SR, T LARME LSRR 73 5T
AR TC #IWE 8IS ENSO G R, Wl
Chan (1985) FIHIE T VLB T PH AL AT VEfE
TC A A B ] FP 41, KILEE TC A2 B (e
WL 3.5 4F AR AR AL, X T e ENSO ff
INAHIBR &R o 2820 Hr B, El Nifio K JE4E, {EVY
AP, TC A EAw AR, TC AR UL
&A% )% (Dong, 1988; Wu and Lau, 1992;
Chan, 20000, #] g5k AL H 47K (Chan,
1985; Wuand Lau, 1992). {H;2&, Lander (1993),
Wang and Chan (2002), Chen etal. (2006) WA
JREAE El Nifo KBS, TC AWl E A%, H
FEVGAE R E IO S B TC AR s By
ENSO 4056 it EAFAEMISG K R IEAL, TC 1L
BB 53 A 5 P AL KPR RS G R % V) (Lander,
1994; Chen, 1998; Wang and Chan, 2002; Kim et al.,
2011). EI Nifio A, HI T2 KUK A R e

PUALRVE AR B i, TC WEah %, 175 Pa b
W39 (Wang and Chan, 2002), TC 58K FH4E
i S La Nifia & @ 4FK (Wang and Chan, 2002;
Camargo and Sobel, 2005; BEAEAIVFLxK, 2009),
£ TC #3512 L, Wang and Chan (2002) &
YL, fE ElNifio & FEEIAKTE TC LA ALHE b % »
) i 35°N ¥ TC & La Nifia RJEFM 2.5 {52
%, 1Mi{E La Nifia K&, TC LAFGE B 120 3. Liu
and Chan (2003), Wu et al. (2004) & i #E5# El Nifio
Fiff (La Nifia FHF) 19 10~11 H, 5k E 5

R TC i (2D,

PA_E#TFEE W] ENSO 5 TC 3532 (i 155 & nl
DL ENSO 47 5 | S ) Ay i XK ROEE R R 48
(PAREAARRE, WK AT PUALR TR U (R
SRR, 20060, TM7E ENSO ZEMAE, HF
1] R P 5 1 5 T Nino3 $5 402 1] 1 15 AH GG
RAEWREHE RS, AR R
Al e R R . v PR R B s e 2 L, T e e B R
R AR SRR (e Xz £, 2008),
I, AR AR e T ENSO LA IR B BE A I
M HE PRI TC ARk s RIsem, 5
ENSO *f TC &3 P2 mAH LU, A ] LAE 7R Ep
JE v N & WGSBS LR, O & XU AL
€ T W0 B A1 5T R AR i, T LR TN TR B RV
ENSO SEmi1 U AL A R
2 EREHEEIREA

ENS SIS F IR Wik 0 (National
Centers for Environmental Prediction, fijFX NCEP)
ES F KA M50 (National Center for
Atmospheric Research, fj# NCAR) ff] 1950~2010
FEHEB R S TR, RSSO
UK A (Hadley Centre Sea Ice and SST data set,
fiF% HadISST) BERHEH ) 1950~2010 111
SST #tkl, LKA G XN EHRK PO (Joint
Typhoon Warning Center, &j#% JTWC) & Xk,
Global Precipitation Climatology Project ( f& FX
GPCP) 1979~2008 I F#/K SR, BEANER ]
T [E SRR B (National Oceanic
and Atmospheric Administration, #iF NOAA)
1975~2010 4 [ SMCHEARST (Outgoing Longwave
Radiation; &K OLR) HFIFHaHrvtkl. Ao
TR, R TORHIER T Z P EiE A R AR AR A
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CHN ISR 0 B 1) 3 1) e 2 i ) 18] 75 00 11 — B 2
T AR, B AT 98 25127 5 (0 e ke SR AR
FrAstl ).

PR TEER R 5 LU ITWC IRy A brdE,
Ay B TS (34 kn<Vip <63 kn). % 1 2
P g (64 kn<Vpee<<82 kn). i 2 JSHH < liE
(83 kn<Vpax <95 kn). 2 3 G E (96 kn<
Viax <113 kn)\ 25 4 A E (114 kn<Vpax <
135 kn)+ 28 5 KA ATE (135 kn<Viax)» 1159
TC &SN TS K 1 24 3 B NE, 9k TC & X
N4y S RIGEAE.

ARICHFEIE 7 SSTA (Sea Surface Temperature
Anomaly) FIASFEE SSTA 43 5l 47215 EOF /)i
(Wang and An, 2005), L5 2I#GHT B[RS VERIHAAT
RPHEE SST K RFERIFEFRBAFE. FriiZE"Y EOF
)i, AT £ o0 EOF, Bl &EEKAN SST
FA R ZE Yy, 8 YA ZE 23 0 R Rk
1T EOF 4rfi#, B[4y E5H 4 4~ SST Al —4
I T R AL, A3 nRoR SST T AR, A &R
H) 7 e 2 ) B ) AR B AR AR AIE o AR AT B S
7 (20°S~20°N, 40°E~110°E) SST HxifEfL
Wi T EOF Sl FITAS IS — IR 41 e UK
10 PC 4550, XA (25°S~25°N, 120°E~90°W)
SST FrUEfbIE I RE1TZ=15 EOF 4 il it s —
i [] P 51 32 Xk Pac_ PC F5 %%, Nifio3.4 18404 7~ 18
AR KV (5°S~5°N, 170°W~120°W) [X 1
By SST i {H

3 ENEFBERSHAILKEF TC
EEI A

AT, ENSO A5 Huiy s DO AR
W T EA Sy, P2 EE IR (EE
ENSO FA4- I KI5 A8 AE 5 | 128 58 1) 1 B
RGBS, 45 BRI 7 5 ENSO
FRE A B G ACOCR (Klein et al., 1999;
Lau and Nath, 2000, 2003; &5 £H5%, 2004). Klein
etal. (1999) & Venzke et al. (2000) ANy iXFf %
TG AR DR OC FR A2 B BEVE B A X ENSO A 1)
— PR R, ZBEA S A4S (Annamalai et al.,
2005; Yang et al., 2007, Xie et al., 2009), ‘& fEKf /&
W R ST IS 5 A A7 I FLFE I B R RE TR T
SO B AR R PG AL RSP b IX S (Yang et
al., 2007; ¥ FIX|ZE £, 2008; Xie et al., 2009).

AL, El Nifio TR, EPFEVE SST 79 fwillg, La
Nifia TEJAE, EIEEVE SST S fmid. A kA
ENSO JE kA 14 B BEVE L e 8 5 RS IR RS
43 0 P b OKSF 3 RO AU IR B 2 AT A
M) 2 DA Bl 1K Xof b i) R A T 155 B PRI R 0T

KFHFETREVE (20°S~20°N, 40°E~110°E) [
SSTA (JE2%: TR, LkMEtEs W7
EOF 701, S5 R RS A 4X SST —3unz
RS 1T AR RED 1, SRR S F S — 80Ul
GEFFRME, 2003; Yang et al., 2007). HUHINR
SRR RS (EE 2 Xk 10 PC 8%, 1R
PALPR U R P51, EIOR T 1.0 bRvfE 2 (4
U3 A B MR A REAE . SEHREAE > 9N 1958,
1959, 1969. 1970, 1973, 1983, 1987, 1988. 1998.
2010, 3t 10 4F. FHEAESNHN: 19561 1965,
1968. 1971, 1974 1975, 1976 1985, 1989. 2000.
2008, L 11 4. (G TGS A B T 3
2 T A I S W W B A, BBV S B AE 10
W, REAAE 1A HTESR 2 3T TC MK
I, O T B B H AR IR, B0 RSV S v AR )
SIBR T 1989 4, DAL = R 99 )

F 1 1950~2010 FAILKFF TC FEMIHES 10_PC 5
K Pac_PC {EEEXANN M (BEIFEKT 99%: 0.3248;
BIEEKT 95%: 0.25)

Table 1 Correlation coefficient between the annual count
of the Western North Pacific (WNP) TC (tropical cyclone)
genesis and the IO_PC index or the Pac_PC index for the
period 1950-2010. The significant coefficient at the 99%
(95%) confidence level is 0.3248 (0.25)

55 TC i TC MTC
5 TC  (JAS*) HRTC (JAS) M TC (JAS)

10_PC
Pac_PC

—0.415 —0.320 0.015 0.066 —0.417  —0.325
—0.046 —0.128 0.463 0.323 0.245 0.081

*JAS: Jul-Aug-Sep

M 2 &3 1 g, ERREE S — RS bR AL
i E)F41 (10 PC 45450 SR L TC 4
A B DL, MR R L —0.417, ER
MWK 2= 7 8+ 9 Ay, WA —0.325, 1
IS 99% 5 FEk S (s FHE A : 0.3248), 5 Duet
al. (2011) HIZ5RA—E. HE0 M RILLL L IXF
BEWAHC KR T ZIL AT TC (WAL i
B b, WHEAIEIE—0.415, WA EDREVE S0 g
55 TC AR D, 5 459 TC 44
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FAREWZ , M5 TC AAE AR AT R i DU A %o
99, MKRBUAA 0.015, £ 7~9 14 0.062.
4k, 2 Wang and Chan (2002) (K575, Al
AR AU ZR IR (AT, 3K
I 105°E~120°E A VEIBSRBR ), 735l 2% LS EN EE
PRI, 99 TC EIX 4 DNGRR AR oy B 1)
PTG BARIER 2 Pros, SiREY], Tiedse
EL TC miRZETT, EVEFRIRT, 9 TC 54
AN G PR AT 38 A OB 2 T 2 G BRI AR
PR BRSO AAE, PHRE. PEAL. ARAEERIR
55 TC A SAE 2 TP IE, TR %R
M TSP, XV F S — TR T4
M MRAR TC, KNS FLix, Hgkhibg
10 e b2 R Y s TC.

N T 3E 20 DA B R e A AR S S I P
KPS TC WEBNIRE T, BATD IR R IEAT 5
IYNT, SRR £ 7~9 H 850 hPa E[J & 54 fiw
RS E NG RET (B 3a), Bl
2 WAL T AR R DUARVE T, 78 e 3 I A ([

3b), ElE AR, =R R ] 3c &
TN IR 5 R I MRS I ALY, ik
DRAE BN VRS0 ImBE AR 74 8 9 Ay, AL
DT b DX R g i DX rp R 2 A2 O il OB A T
GV Iy UZR BRI e B O il R, A
TR e e DI, BV S Imig o,
TC FAERSE D, PEAERPAE NS, 55 TC
(AR O T % % RS9 TC AP (R
2 Pis)e [FREAEIG I UHsYs (B 4D, iR
Pl R 5K 5 (R SCERED THEE B b
CEEImG Y, 3 HT R W 48 TC A s A S 10 s 1
R 5 53, BeoKiseb, 7 1) N ities),
FEH D R AR BT B DUV, AR
AR TS . AN X, SST F
TilBg, A, Pk 2, oK EAE PR AR
FEE I B RE Y- By V05 S L it s, A e (1) BT
B3,

HLZE 1996 4, Zhang et al. (1996) #¢H T El Nifio
HAEE PRI SRR R ; Wang et al. (2000)

o =

T R

Py

R A
Y

UIN U= 1O L1 — DTN U1
1 L 1 1 1 1 L 1 L 1

I
e

1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010

Year

K2 10_PC a3 (S50 SVHALAEAES TC A ERLREL () WAL RFIRIZEEAR . r=—0.415, Wi 99%IM15 B KL
Fig. 2 The normalized time series of the I0_PC index (solid) and the annual counts of the WNP weak TCs (hollow). » =—0.415, which reaches the 99%

confidence level

x2 HEFFELEEAILATH#EE TC EFHE MK ENSO X RF IR TC FFIEBMKERIL K TFSMRIRE

B (BL: a™h

Table 2 The average frequencies of weak TCs for the cold and warm Indian Ocean years and intense TCs for the ENSO

developing years over the WNP (unit: a™")

Bl EIV R ElNifio KJ#4  LaNifia KJE4E
(5 TC) (5 TC) (5% TC) (58 TC) RTC AUET 89 TC AUE 1
Vir B BR/TIRE % R (JAS) 9.3/3.2% 5.8/2.7 0.75/0.5 0.87/0.5 1.11/0.52 6.91/2.95
RGBSR JAS) 5.1/2.1 4.4/1.4 6.75/3.25 2.87/0.5 4.50/1.91 5.93/2.36
ARILZBR/ZRALZR IR JAS) 3.012.4 1.4/1.3 0.25/0.25 0.37/0.37 0.60/0.50 2.47/2.08
AL B R/ IE S R (JAS) 37132 3.2/2.7 0.75/0.62 0.37/0.37 0.32/0.27 3.44/2.95
HAb/FHARJAS) 0.4/0.4 0.4/0.4 0.25/0.12 0/0 0.16/0.08 0.40/0.21
BB TFJAS) 21.5/11.3 15.2/8.5 8.75/4.75 4.5/1.75 6.72/3.31 19.18/10.55

VE: HFZM (0°~17°N, 105°E~140°E), ZKF%M (0°~17°N, 140°E~180°E), PHIb% M (17°N~30°N, 105°E~140°E), AKIL% IR (17°N~30°N,

140°E~180°E).

*A/B: A FORAE TC AETHIE RS, B HR 7. 8. 9 A TC 4 T34 A%
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Fig. 4 The composite differences of sea level pressure (hPa) for JAS between the warm and cold Indian Ocean years. The areas with the 95% confidence level
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Fig. 9 (a) The normalized time series of the Pac_PC index (closed dots) and the annual counts of the WNP intense TCs (open dots) (»=0.463, reach the 99%
confidence level ); (b) the statistic curve of Mann-Kendall (M-K) of the annual counts of the WNP intense TCs (thick solid line: UF; thin solid line: UB; straight

line indicates critical value of the 95% confidence level; UF, UB are plus and contrary sequence statistics, respectively)
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