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Abstract The characteristics and differences of seasonal changes of the tropical cyclone (TC) activities in terms of
genesis location, genesis frequency, intensity, and duration are analyzed over the South China Sea (SCS) (5°N-25°N,
110°E-120°E) and the western North Pacific (WNP) (5°N-25°N, 120°E-180°) using the TC datasets for the period
1945-2011 from the Joint Typhoon Warning Center (JTWC). Further examined are the impacts of ENSO events on the
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interannual variability of TC activities over the two areas from the perspective of TC longitude crossings. The results
show that the TC genesis in the SCS is modulated significantly by the SCS monsoon, with a small number of weak TCs
forming only south of 10°N during months of January to April when the SCS winter monsoon prevails, which results from
favorable dynamical conditions confined to lower latitudes in terms of low-level cyclonic vorticity and weak vertical wind
shear. In contrast, the period from June to September is the SCS TC season during which TCs generate most frequently
under the impact of the SCS summer monsoon season, with majority of cyclogenesis forming around 17°N. Abrupt
northward (southward) shift of TC genesis position accompanied by the apparent increase (decrease) in cyclogenesis
frequency takes place in the seasonal transition of May (October), depending on the onset (retreat) of the SCS summer
monsoon in relation to drastic changes of the weak vertical wind shear and mid-layer relative humidity higher than 40% in
the SCS. With the higher relative humidity concentrating over southern SCS in the mid-layer, the TC genesis positions
again return back south of 10°N during November—December. However, the TC genesis in the WNP exhibits a gradually
seasonal variation with an evident change only appearing in July. Note that the period July—October is the dominant
typhoon season in the WNP. Because weaker vertical easterly wind shear is present over the NWP in almost all months of
the year, most TCs generated in this region can reach a stronger intensity and develop into typhoons. But over the SCS,
the TC intensity is weaker than that over the NWP, with most TCs evolving into only tropical storms. ENSO events exert
a significant impact on changes in regions favorable for TC genesis during different seasons and consequently on
geographical variations in TC tracks. During an El Niflo event for both developing phase and decaying phase, the
departure from climatology of monthly TC longitude crossings is negative anomaly in the SCS and positive anomaly in

the WNP. Opposite situation occurs during a La Nifia event.

Keywords

1 3§

A1 R S NP I ey N O P e <\ i
AN A B B A ()R (Gray, 19685 BRI
FFMT —I, 1979; Zehr, 1992; Yumoto and
Matsuura, 2001; PRECGRIGE B, 2001). FEHEAE
PGP K I g, — 7 1H 32 B PG LT
FEAE R L & PG 15, 59— 7 TR # A
AR R (RRTEZE, 1990) . REHEHEIR A o)
b B PR B SR SRR R, LR fRIRR A R i
PO AE CRIAESE, 2005; #aAE, 2012). H
R ERCATIEAY ED O Y B N ik oy NS B E 1 RN
HL VGRG0 AR K AR K i, PRI R i 2B
s SR Z AR BB E s . Wk, Mmigh
T [ A g R e [ 5 9 v e DX T K 48 B i
NG BRI, 75 B AR5 LUR IS ALR i
b3 I N S e B LA N W =3 e 51
I F B AV (Lin et al., 2008), kA5
B2 L)ZHEEHS & (Goni and Trinanes, 2003;
Lin et al., 2009). 7= XU A Ry e 28 i) ok
SR, s a) RN A P AL AP iR
TEAE g e X B 98 K (Harr and Elsberry, 1995;
Mao and Wu, 2010). KM, PHALR P e A Bl
P NE 5 T DX IR A B BN AR A i

Western North Pacific, South China Sea, Tropical cyclone, Seasonal variation, ENSO

. B KE S T Balid R Rk R 4
HH¥AAARE (ERAEFEHE, 2007; Yuan et al.,
2007; Wang, 2008; 3245, 2009; Wang and Pan,
2012; MREMLAE, 2012; Wr@ElE, 2013), e
AT 2 4 AR A0 R0 AR B AR Ak 1 5 e R T A R
(Watterson et al., 1995; Ritchie and Holland, 1999;
Maloney and Hartmann, 2001; Mao and Chan, 2005),

ZEHEE (20100 FFHEAN VYL TR 53 A e
(5°N~25°N, 110°E~120°E) FIPG b A F7E (5°N~
25°N, 120°E~180°) PIANXIE, FFRIH T ESS )R
1950~2007 FEHERE, PRI T PRSI e A2 ik
SRR B R ZE T AR . 25 SR I, PEILRF
PR AU A OO B 2 T RE i . PRI S
JiE A AR R BR AR AL LA BT, #EZARE
FAAE IR S DX PE 2 5 o RS a2 S I RN A
PR T XA RIERR ] . Gray (1968) AR
BT B S U 2R RO P S A, IF
P T RGN 6 NI . B R as
FAE o RN P SR LSO A F B SRR R 4
LG AT R X A L b N I T SN 13
ZHFI 50 (Wang and Wu, 2004), 55, ENSO Hff
(BRICHERTEERE, 20065 ARIESE, 2007; [HH]
BRAETT, 2009; BLENARSE, 2012; {45, 2013),
MRS CESZEREN], 2006) LT iiEsh (F
27255, 2007b; Zhou and Cui, 2014). JEACEHERE



qofE 5w 5 20 %
382 Climatic and Environmental Research Vol. 20

VKIARFEEL (JEn], 2007a) LAK Hadley £ (Zhou
and Cui, 2008) %555 B i A VG AU KPSy Ube s
AERR A BTG, JET IR RIT R T 6 K
MM T CESZESE, 2006; Jr], 2007b; 4%
74, 2007a; Fan and Wang, 2009). ', ENSO
X T B I PR AL P R AU A2 L (Chan,
2000). A=Ay E (Lander, 1994; Wang and Chan,
2002; Chen and Tam, 2010) A HARVEZHFIE (Wu et
al., 2005) EFRASAN R FEMTANTE 4 F

P, ASSOREE T4 545 (2010) DK S5
IR SE E S & RPTE L JTWC) A<
Jig B Rk S R ety U 2B i g L (HEE - Saffir—
Simpson bRk, 5 B HHHAC s 2R R A Fety e Ak
J, BIRGE KT 17.5 ms ™), gaaHiiUied e, n
5 (R R Bl 1 45 (Gray, 1968; Emanuel,
2003), Bk W AN IEER AR ) ey Ul AE AR
B SRR SRR TA) A5 5 T A2 72 5 BA & ENSO
(RN, AN EE 53 BT 3 12 5 () SO S5E TRL -1 PR A X
B,

2 &R

AT ey U BERLR B JTWC P b
KV o AU B R B R BB 4R (1945 ~2011
), FIH 1979~2010 4= JRA-25 (Japanese 25-year
ReAnalysis) 3 #T% Kl (Onogi et al., 2007) fk
SIEEE AT IS W BT E 23 bR e S T F
[ H PRI FKIE S, S HER A 1.25° (4
JE) X1.25° (&)%), ¥l (sea surface temperature,
SST) #RLKIET NOAA 1982~2011 4 H V- Al
ZEAHWHR PRl (Reynolds et al., 2002), %% [H] 53 #%
1o (G X1° (1),

X ENSO H5E SOk H T NOAA 38 i
Nifio 5% (Oceanic Nifio Index, ONI), Rl Nifio 3.4
[X (5°N~5°S, 120°W~170°W) 3 > HiE5) i
WHEFESE R (M) T2 0.5 °C W2h—X El Nifio (La
Nifia) Fiff. il FidE X, 1950~2011 F3L47 18
X El Nifio Hif4:, 16 ¥k La Nifia Fi4f:, H 40 d ok
ENSO FAf 52y (& 1),

3 MBSAEKTFFRATSIEEN

METER

41t ITWC PHIEARFEVE 1945~2011 FEHGHTS,

% 1 1950~2011 £ El Nifio % La Nifa % £ B EE
Table 1 Time buckets of the El Nifio and La Nifia events
during 1951-2011

A B
El Nifio i/ La Nifia S}
19514E7 H&E 195241 H 1950 41 H& 1950 48 H
195341 H& 195442 H 1950 4F 10 HA 195142 H
195744 H& 1959 43 H 1954 4E 5 HA 1956 4 12 H
1963 4F 6 HA 1964 42 H 1964 45 H& 196541 H

1965 4F 5 HA 1966 -4 H
1968 4F8 H& 197041 H
197245 AZE 197343 A
1976 59 HE 197742 H
197749 HZE 1978 4F2 A
198245 AZFE 198346 A
1986 48 A% 1988 42 A
1991 4£ 5 A& 1992 46 H
1994 49 HE 1995 43 H
199745 HA 1998 424 H
2002 4E 5 H42 2003 42 H
2004 4F7 H& 200541 H

19707 HE 19721 H
197345 HE 19747 H
1974 10 & 1976 %54 H
19834E9 AFE 198441 A
1984 410 HA 198549 H
1988 4E 5 A 1989 45 A
1995 4£ 9 A% 1996 43 A
1998 47 A% 2001 43 H
2005 4 11 H%2 2006 43 H
2007 4F 8 HA 2008 46 H
2008 4F 11 H%2 2009 43 H
2010 47 H& 201144 H

2006 F 9 HZ2 2007 41 H
2009 4F 7 H& 201044 H

BETERL, B S P LR R H A
AR E W 1 R fEREREL, 1~4 H, Al
ATEPAERT 100N KIHLLIRG, 1 3 H ¥ #ai
AR 5, ARERA BRI RE [ AEBkER 2 15°N
bz, 6~9 H, EHART 17°N i, XMEZ
R G AR AT B R AR TR MR E S T 4 AR R AR
(2007) FriS4i®. 10 H, A E W m i
14°N LARg o #4511 HA1 12 H, Sk i 46 A
5 4 JHIF, BRI 10°N M. EAEERZE, ik
PO S AR T A AL B A AE 5 AR 10 A
— YRR B R Y “Z oA ” G, Hrp L
5 A dbikEt oW 2. (HAE 120°E LA PG L
/NG N S SN VAW E S R e 553 S o 1 8
OB, HAE 7 ARk, 7~10 H#
WA AT 129N Lk, 520 i, H
M e H AL T 10°N BLFd .

B2 25 T i S P AR FA AUE 2B
BT o FE I, 1~4 A A il b,
X 4 AN H AU AY AT AR 3% A A7, TS
H A AT B 22 A 4R 1) 8% (K 2a), SR &
(R RIEAEBERT . (B 1) 6~9 I Eailg A i vy
SBEEWE L, EALHIE 8. 9 H, 4 4a4E
1) 38% (8. 9 HZ A, W2 T4 H 0.
10 H, 5B B I SR PR Y., AE i el
9 H 19%LL_FGERD & 12%. B lERGSEAE



AEBESE: VAL R i 3l Ui 8 2= 9 2R A ) 2 57 A mT e T PR

4 4]
No.4 HAO Sai et al. Differences of the Seasonal Variations of Tropical Cyclone Activities over the South China Sea and ... 383
20N O
8
| °8¢ .
15N § 5 7
1 @10 v A10
10N - 40011 / %ﬁj@ 64 11
: 12 ¢{3 5 A12
2A 4A
20 1e /\\ 1A73
5N +—m™™W—W———m™—m™/———mr————7—7—— 777
105 110E 115E 120E 125E 130E 135E 140E 145E 150E 155E
1 Jan 2 Feb 3 Mar 4 Apr
5 May 6 Jun 7 Jdul 8  Aug
9 Sep 10 Oct 11 Nov 12 Dec
K1 gl (D S5VEACRFE (S i SR B A R &

Fig. 1 Climatological mean tropical cyclogenesis positions for different months in the South China Sea (circles) and in the western North Pacific (triangles)
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