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Western North Pacific
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Abstract

This study has found that there is a reverse phase with interdecadal variation in temporal variations of tropical cyclone (TC)
genesis frequency (TCGF) between Northwest sector and Southeast sector, based on climatological mean tropical cyclone genesis
location over the western North Pacific. The TCGF in the Northwest sector has been increased since the mid 1980s (1986-2005),
while TCGF in the Southeast sector was higher until the early 1970s (1951-1970). The analysis of a difference between 1986-
2005 and 1951-1970 showed results as follows: i) Through the analysis of vertical wind shear (VWS) and sea surface temperature
(SST), less VWS and higher SST in the former (latter) period was located in the Northwest (Southeast) sector. ii) In the analysis of
TC passage frequency (TCPF), TCs occurred in the Northwest sector frequently passed from east sea of the Philippines, through
East China Sea, to Korea and Japan in the latter period, while TCs in the former period frequently has a lot of influences on South
China Sea (SCS). In the case of TCs occurred in the Southeast sector, TCs in the west (east), based on 150°E had a high passage
frequency in the latter (former) period. In particular, TCs during the latter period frequently moved toward from the east sea of the
Philippines to SCS and southern China. iii) This difference of TCPF between the two periods was characterized by 500 hPa anom-
alous pressure pattern. Particularly, anomalous cyclonic circulation strengthened over the East Asian continent caused anomalous
southerlies along the East Asian coast line from the east sea of the Philippines to be predominate. These anomalous winds served
as steering flows that TC can easily move toward same regions.

Key words : Interdecadal variation, Genesis frequency, Tropical cyclone

A% Xl

£ Afolae SAeEEde] 7188k it Gl 2719 B AFE o] 85ty o] s|H] HAFAR dETYgelA ] Gl
A7) ANIE] AlZBRSE A Az MBS Hola i) ePde s EAIFRS Witk gl A7 SRS BAFYe
2] 1980t SR o] FRE HT71A](1986-2005) S71sl= WhHe|, EEFollA 1951dFE] 197090 ZWH(1951-1970)7HA]
A JeldT) 1986-200533 1951-1970d Aloje] xlo)dS B3 Avk= g3} g2}, i) AFulgaloie} sfe 2xo
749-, 1986-2005 B¢l BAGo)A, 1951-1970039] 7|71l FEFollr 29] AZr]of9} oo g 2% of=T]
= Yehia JATk i) Gl A7IY ol HIES Bl B Ax, BAFAdN @Ak Ao A7AE FolA 1986~2005
ol F2 JEaEd J3S FE HEr) =90 vha, 1951-19708 Betdle dEld B2 sjto 2RE TEIE X
Sk 9 JE-S Sish= Wiyl 20t B rdellA @Ak A A7IES] Aol tigF 150°EE 7IEoE o)EEe
FHEEVF AR UHZE 4 ok 1951-19709 BRle] Gl A7IRES 150°EY] AMZellA], 1986-2005 B<te] Lo} #17]
FEL 150°RY] oA FF o)Edh= EAS BT} E3], 1951-1970d Skl @Ak du) A7|gse dejue] & 3
FoiE Ugars] 2 daar W o)Edshs NIyt =90 i) T 71 Alojell Gul A719F olE W= o]H§ Ael=
500 hPa oF=22] 714siElel] =1 912le] Ut} 53] 1951-1970d B<tolli= Fobrlo} tiFol A7 8he] opeda]r) d4
Ho] A FEAVFOTZRE Fopr o} dIME wE FE oR=dE)r) AslEQl). o] W ol gl AYite] HeA
TEIVFOZRE Folrlo} dIoke wE) o)F3lr] AAl sl AdRe] IS sl
SAMS0] : AAZE HE, NS, Ad) A7)y

T

*A3) - 7133 7 7173 A(E-mail:choiks@kma.go kr)
A Q- 7 AT A AA T A
g E XSy WE | eA T o
S A=)
(<) T

= 3
e 3]l - A st S TSt H sk WY1 Y B ekt

31



1. M 2

ud A AAA EASkE Gdl 719 T 173 oPde] &
Aeg el SxIgtt. ad 2718k &% wAYE] digk &
O U ofall= A A7Idell oJs) sk Asfe ool
Ego] # F don, o] fJal] B A7t olFoAsith
olgigt ATE] uES dul AVt HAL A wEA
o 23& FaL Utk

HA Fd] #7198 AN tigk AE2X4] Atkinson(1977)
2 1972 AF SR BEARHEY SEA el Eagg g
A714e] NI=r) HrEoh Uks-S Bt Chan(1985)
2HE"Y P48 53 El Nifio-Southern Oscillation(ENSO)
7 o) #71ke] el WHE BAl] S-S AAIEH
%t} ¥ Ramage and Hori(1981)y= 94 AXEF 5 WS
Aololle F5igt JAAATE EAIEHA] ke T3t
g Fo] #719ke] WA9IX]e} ENSO Atele] Al tigh
ATES T} Chan(1985), Dong(1988) Z&)3l Lander(1994)
= A 3 FRbel= 160°ES] AR FellA TAshk= Al
A718ke] Riew= 7AShs WA, 160°EY] A& 5 20°N9]
oA TAehs g A7I9ke] Wxe SV Eath
TS o] 7SS 2Rt 3l BRbelle wie] siEo] ¥/9¥
S AF5IAT) Lander(1994y= &) #7148o] ¢339
G Fg EL7kEo] X8k oM, McBride(1995)
© gd A7) F ARG s 57} 26.5°Co1
¢l Aol E71kEo] fXIghs AYEH AR A’k
BTk T84 Chen et al 1998y E<c7]19&e] HE e
BAEY ofFo] dFH & EXHTE Fu] A7|te] 1Ay
Al BlS Fa3 WEls T8I B1S©] Chan(2000)
S Ay A7Igke] Y 9 Niwy)l dun, ehiu sEmr
olg} o] SiE A% sEele & WEAC] LS TSN
ot 1= S olelg S igh AllEAts B3 gdl A
719 o] 9] H HIEe} FAES ATATI AL =Y
33tk 919] AFEelA AHE Y BAEEd dd A
7199 dAqe FE A9 wEAel 23] B oA S-S
& ot

o A7k Ad #
Az WEAel digk &
= ud Qo) A7k I sldEAEAe] BAF
o] XNF AdEt AslEe Aol s AT
Zhang et al.(1994) 15 E2)4 wAUES He)Ae K3
Ak, Ao A7IF FAEIEE 6, 15, 21, 3139 F7)A0]
RS WA 25 9] 1931, 1959, 197730 L)
A7 BNEelq 2 W3}t S-S 2tk Chan and
Shi(1996)y= 22+ tha} 3|AEAlS o8sle] AAXoZ=
1990t 2 o]%- At #|7I9ke] AN ETt F7Iskal s
I8}, SFAINE olddt STl 20009 ©]%- o
AR 9AET Yk Yumoto and Matsuura(2001)
H 494(1951-1999)2] 73S Ed] A7) HANIEE
oz TAo] ths 7)7K(1961-1972, 1986-1994) )
o] AT 717K(1951-1960, 1973-1985)C.E FAd & S

of
o,

of oz & Aol Hlste
] ¢t} Gray et al.(1992)

-

rr

oz
z

fr > do

N

32

S Bt At Matsuura et al.(2003)S e E AR
Pg o83l FH 5048 A7) ®ost A} olejgt gy
A1t ANIEe] Az WEAS Adsie} sk
Attt =3 Chan(2005)y SATEPEY Gdl #1719 A
W9 APzt WEAL ENSOY Quasi-Biennial Oscillation
(QBO) 57 2 dujzls Aoz HE 1 WAUERY] A
o] o= AE hssh, BEIES 710 91X, A= 3
$F Axo] thaA wiZel Eu) A7) ol ¥ A=
Adzt WS F o 2 A7t olFolRor & AIRKIA
t}. Chia and Ropelewski(2002)= <A] ENSO= €U A
71342} AddlES 9%t Fag Mgl Y Wgt
ohdS AQtetATt.

g A7) WA © Gl glal wu] ofg] AREel
M= o] FoiH ). t3EAQ] ATEZA Kim et al(2005)
= EAEIESelA A dd) #719e] olE Rkl uist
B8 Augr 48 53 solrlol Aol dujl #7]
ol F olsFHE A=A 2RI AFE BdHk Ath
Kwon et al.(2007)%} X}24 5(2009)2 Normalized Typhoon
Activity(NTA)YS o]-&3te] 195138 2008 7HA] 5837t
EAEEE] o) A7) EF=E A8 Ed) A7)
He] 5% JA] Fol A7k RIS} o] Zd WE
At e} et Ahdzt WEds F wddhs Hdul 9l
t}. Choi et al.(2009y= Sk A5 2d] A7Ite] 78d A
4 4S8 53 Yumoto and Matsuura(2001)9} o] &=
Mol thIE 717KH1951-1965, 1986-2004)7} dhe] A%
717K(1966-1985)0] EAIGHS BATh. A FAJefs gl e
ddl A7 A H olsEAL EERlE, E5%0%, S
HE s T o] vkt 7I9RIAET e Aol
o] EXF7|= P tHHo et al. 2005 ; Choi et al.
2009).

mebx B At o] #4718 ANIEe] Ahdzt e
o) 23 Evh. BAEIEURIA Gdl A7k Adt W
A3} PEEE 9] gt ATES BAEES AAGGel
& T3 AR, B dYe BAEEES Alesiel] 1
HES AuE iz i

2. X7 HE2M Uy

21 X2

£ Alx AR8E Ad] A7|¥AE T Regional Specialized
Meteorological Center (RSMC)-Tokyooll X #|&-3l= &
A715ke] HAA R o] Ame 62K 1HHe] Gl A7)
o S471%%(hPa), SAHNEE Kt B A= - Bx)
52 X33}, tropical depression(TD)-tropical storm(TS)-
severe TS-Typhoon(TY)-extratropical cyclone(EC)2] Z& %
AIE F3et g dd) A7Ike] AE Avd Yk
slo] EXS B7] 93] National Center for Environmental
Prediction-the National Center for Atmospheric Research
(NCEP-NCAR, Kalnay et al., 1996 ; Kistler et al., 2001)
A A= F Al (mosT), A= (gpm)e] WETE A

rot

FIRfsts|=2X! MoR 65 20094 124



|50} o] A= 9 AE 25°, Aoz (79 Fo=
TAEOIA ok g o] AFe TC] A FES F=
sfke] 5448 AR 7] $15] NOAA Extended Reconstructed
(ER) Sea Surface Temperature(°C) Ver. 3b(®]% SSTZ} 3
ARE ARSI THReynolds et al., 2002). ©] Al5= 4 3
=] Jlom, FEWIES 9] - AE 2°= o]FolA] Ut
o] AEY AFEE= EF NOAAQ] Climate Diagnostics
Center(CDC)2] ALO|E  (http://www.cdc.noaa.gov/Datasets)
£ o83t st

22 2MUY

BAEEGlA vid Beke ddl A7Iske] oF 60%7}

(7, 8, 9¥)°l FFH o] AUrHChia and Ropelewski,
2002). Z2EZ o] A= o] Al BE oFez Aolsiditt
A A7Ike] A B ol EHIEE wf 59x50 ARt
gl A7Igke] WA A olEsIge A-E AT
o, FLT Ul AIstel & ARE F W ol ols’ 7
SFolle sz 713ttt

ol A7k FEa e 84 5S4 doky ¢
3l oFie] (1) o] A=pmpEAlel7} ARt AT

VWS = «/(“W”dzoo - uwnd850)2 +(vwndyy, —vwnd850)2 €))

714 uwnd®} vwnde T4 2 HEFE ovlsiH, 200,
850 Z}z} 200 hPa} 850 hPa S-S eRJich

o] A7l dYx B gt EL Nifo-3.4 A
(5°N-5°S, 120°-170°W)ollxe] 370 St slgd &= o
22]7h £0.5°CHT ZAY 2R e Holx 5 AlE o)
A&E AR 47 AoH

15

3. @i Xylgt Wil 7|Sats 53

9 12 BAEEYRIA 5ox5° AxRAwRE 1951-2007
(57d) 71533 Qo) A7IF SANES yekd Rel. &
ol A714e] 5 WA AL Fela SESVF(10°20°N, 115°-
I5°E)= & = Stk o] Aol 57d 71934t el
7Pk Gl A719Fe] vipd gl AR 57d oF 7]
ST o AV A 9] - BEE 16N, 142°BR £
S0t o] 9 - AEE VIEeE Al AVt WA
Ul 7oz WrSitk: BATH(16°-30N, 110°-142°F), &
AMT(5°-16°N, 110°-142°E), 'FET2(5>-16°N, 142°-180°E),
HETA(16°-30°N, 142°-180°E). 97141, ZA) G (5°-30°N,
110°-180°E)> 579 F & Edl A7y &N oF

70N

@ 10t 15

60N A ® 05to 1.0

° 0.(19 0.5

@l » @ ¢« = s & o »
.....oooo.

16°N
Y @e . .
..... @ ¢ ¢ o o o
142°E  » Southeast

EQ T T T T T T
90E 105E 120E 135E 150E 165E 180

O3 1.9l - BE 5°<5° AROICh AlLkE 195120074 B 0iF
(7, 8, QR)ENE LMHIzo| ZZRE

12 -

o W o W

1960 1970 1980 1990 2000
FETRETI PERTERTET IRRETTRTTI FRTTIN

1960 1970 1980 1990 2000
|

15
12

TC genesis frequency

o W o W

1) Southwest [ 1 (d) Southeast

......... | FNTRETETT FATETRTTT] FRRTETRIT] FETRETENT] FERTETT 15

TC genesis frequency

1960 1970 1980 1990 2000

1960 1970 1980 1990 2000

T3 2. 33 100M LEROIE 2t Tofniciol EfE wAlMIzo] W MSCHs AM) U 5H O|SHR@S MM). M, HN, 25, US
T2 ZHE 16°-30°N, 110°-142°E, 5°-16°N, 110°-142°E, 16°-30°N, 142°-180°E, 2|11 5°-16°N, 142°-180°ER!. HM2

2t ol PEHE 7ISEE TR EHE WMYIES ojn)

Aq

SAMEIEA0IM S M jeh ebize] HEZE HE 5S4

Im

33



12 ETEEETER IR T TR SRR REE T AT R R TR T PR T T TN ET NN W

H Morthwest
104 & | Southeast B

=
(5]
& 8- =
=3
g
E 6 -
@0
8
g 41 B
@
L=)]
O 2 —
|_
0 - S i} =
Corr=-0.48 |
1960 1970 198 1990 2000

T2 3 SMAEN) R HSEY) TN T EIE wals
o Zu #s

98%= APASh= Aol

v itk o) A7) NIEe] Ad AEAaE
HAThH 2). AAF O A% FHEA R @A 7
Ae Edl 2719 IR AR R S
o ¥, 3% T HEE B PE 7)elxe Fiske
AE YRS FESE U] 7 EolA Adzth wisAde] 2l
= B F ok 53], o] WiEEe 54 9 PE 7N
O FEllt}l, 53 olsH ol R 2 oo A
- 1980 FHH19853 /A= v A7 HAIET} o]
TN B4 A Wt L o] $RE 20004
U Z7AE HuRth 2 WIS Jepdch w2 @
STFelAE 1970 21971 YA o] Freolle] H
G¥hHET st 1 ol FEHE Had 2AY W2 AH
7} A&Ech, T FEvRE =31 BE, 197090 XA
Fe ol =& AN} Yehtar, 19801 Y] FHEE
= B4 Yol =8 NIy} Jehdd) &, 197030
Z-1980Ad] 29 7|I3ES AlQJBlaL F S Alololl= ANl
o] AdZt HEAolx] v ePdo] EAIRRS & 7 Utk
TS o] F Y Afeloll= o] HEAENE oje}t Fd WE
N gt 2o AL BAFRE 19 38 SIA ER1E
F ATk 2 A= 95% AFHFEoNA -0.482] 733
e YERIQITE 919 ARl tish 4zt e
HEA0] AAZRE BEA (FF) Tl HRIET}L
W, e EA) FYoA g IANITT BSES 2
Aot g4, @A 9 55 Fdxe 4 79 Ha A
HIERTH 31 Bh50] HEo] viEZ| o= o]fojis &
At A the ellre B4 FHolA] BT} 2
A171(1986-20051: 2000} a7 Hollx] AT} &
71(1951-1970d: 20 ypJololl ddl A7|ske] &5a ti7] &
3 Alo)e] HlmitAo] o] FoiziTh,

|

Al
=

=

g

4 B

v FIH‘ oY 12110
4 o L o

it
o 4y oz

>

4. AlLAZ} H

41 o X7i9t waplE
5 AP B9k 7,8, 08 2 A 2ol Ul 5 7 Aol
A} 2715 LANIE 212 AHRYTHIY 4). 1951-19704
ol BATEE sNelA @& 97l xRt

34

100

- 1951-1970 s
. | mesm Southeast I ]
40 2 16 f
i -1 ]
> i ]
c 20 I l -
u) L p
= !
o I
e 0 L
K] Jul Aug Sep JAS
@ 100 >
S [ 1986-2005
o
O 80 -
= i
407 5 7 y
. I‘ I‘
ol
Aug Sep

Jul JAS

% 4.5 M7I0] ChEt SMet HET0IMS] EfE Wizl
g Hs Jd= 9o XXES £ AP0 CHl S
HHSTAL0|0] EfE LMEIEo| XIS oln]

15707 A st 2 2] A9, 79E&EA 7 2070,
e 270), 8$EEATFY: 337, FETY: 33)ll=
5 A Aleld] A Hlszd BAYNIEE Hol= Wi, 99
EATE: 207, FE 1S 36l plle 7R 2 2l Ve
o}

1986-2005'd BRtlle 54 FHE 92H)e] FE &
667lHrt 267171 o) wo] WAFTE. o] Aol= 1951-1970
9 Bt T 7Aool LR HRIE Xpole] oF .59
of 7Mth 2k 29 A9 1951-1970d Fh= thEA), 7
Lol F A Apojol] 7Pg & HANIE 25 UERATHEA]
7: 2670, TS 1270). 8P EAT: 3N, HET:
2970), 9EEXTS: 370, FE TS 2570l AAE &A
T EAelA O = DARIES JeRdch Ak 7)1zt
o vl 2Ate] 7IXFEF B4 Follx] Bfge] IARIET}
O =2 e g 5% sl EvIstEe] H2d us
HEEITh= Choi et al.(2009)0] 239} A#wo]d Aow
g

42 il M7|g} o] M=

T 7 oA wAS A AZIGE] sl 1986-
2005537} 1951-1970F Atole] G A7]5te] o]FRIE A&
50x5° AR AR FASIATHLE 5). o] Lol A
AR 2&) 9 1986-2005(1951-1970)F F<He] o)F
HIE=7} 1951-1970(1986-2005)d B2t o)leHl=R} O =
o= As Yrjgith

B oA g Ao A7IkEe] A$-, 1986-20054

rot

FIRfsts|=2X! MoR 65 20094 124



(a) Northwest

® 101015 ()10t0-15
® 051010 ©-051t0-1.0
« 00005 e 00to-05

70N

GON

50N 4

40N A

30N A

20N+

TON 4

EQ

105€ 120E 135 150E 165E 180

N (b) Southwest

70 —
60N -
50N -
40N -

30N

20N A

o e (PO e O @ . e e
10N °%° ©OOOOO0 - e@e oo

/& - oo
K! ijiaaa :

1056 120E 135E 150E

1656 180

33 5. 91-BE 5°x5° HAOICL SAM2t HSToM Lalst EfEel olSHI=ol thet 1986-2005A2 1951-19704 Alo[2] X}, glote| &

2 ARIHS 05% HRIFE0IM FelEt X oln|

| (@) 19511970 _

e, €

et g
El L -
40N A7 {r
A
-~ e
=YY
30N
o o> o2
PR
A_ASm
20N L

EQ

(b) 1986-2005
70N —— e —

— »
=NV

EQ

3% 6. (a) 1951-19702t (b) 1986-20054 &2t HWEl 500 hPa X[9|1= X HIE Ok=22|. 3|4 P92 95% RelTE0M SAHES

B |olst X|2jg oln|. EX|[M 71242 2 gpm

e T2 Pl R gl 99 T NEvt =
ok 1951-1970 BRblle LA FEWICE2RE FF=
e A 2= @ RO F ofFshs Wiyt U &t o]9)
2o Ay A7 o)ZHIEe FZHE EAL Kim et
al.(2005)2] AT Bl =4 e FARICE e
TFGeA g Gl A7 I9ES] Beolls Ul 150°EE V)
To7 olFHxe INEIXI FAZ UHA F ok
1951-19701d E<te] Eul A7IYES 150°ES] AJZel A,
1986-2005 &S] At A7|U4E2 150°ES] TFNA 5
2 olFsle 54e Bk spARF 150°E9] $F)xe] F
A7) Atole) o)EHIEe] Xh= 150°ES] AjZollxje] 1A KT
A vk 53], e FEAGOZRE FFHOE o]
Az A9 1951-197049 F2te] dul A7|PES] olsdl=
7} G o = 99 AYENE gl 2 P
AGQejMe] QU] #719FEe] d e JAdE FE 7
oA BAslE QU A7IGEC] B9, HolE BA
AojlA WS Gl AVIFEC] T B& ¢ 5 T &
g gk gl YEAHE T Bl g adf A7)
AE2] JINTI} 1986-2005 F<HATE 1951-1970F B2t
o ¥ =28 & 4tk

Aq

SAMEIEA0IM S M jeh ebize] HEZE HE 5S4

Im

A7) Atelell = Ao ZpZtoll A RS Ful #]7|¢E9]
ofsHlE A= HE £4¥ 542 500 hPa A9 5 High
9] o2 RE I Y4Ue FolE 4= JYrhad 6). 97)
AT A7l a2 wigee] oleElE Fely] gk V1%
e Eul A7 s ARRE F IR 19512007
g Fogko = A=)

A 1951-1970149] 7-5-, BAFe] 5F IFAHE A
Slarl giFEe] A FellA o] A9aE oR=dElE R
0] 29 ofr]e] TAJE Hlold T PAZe 9]
3 Aok T3 BAEEYe] ofdy] 2 du) AHeME T
Z oR=Ert AslEo] k. o] FF okedEe I
FA el AF o=} ¢allA Folro} slikks wet
Eaei), WHZ 1986-20051d B<kol= FolAlo} thEel 11
719 8 ofi=ZE7} AslE]o] Folro} aijks wet F
2 FEATA 5F o=gert =] k. 3 o]
53 ol=dEe SAdEEEe] g ¢ ofdd] XYGelA A
Z o= E vPES B & vk A, 1986-2005(1951-
1970) B2l FolAlo} k@ FE3 =R E I
2 &I (EII0) sitheR oloRe BE (%) oF

ok

35



Zejol] o3l 1y Sellx] BHERo] o] Ao o FHIET}t
S Rle 99o] Fot SHATE 1986-20053 F9F Hot
3 2 FFaolrY] w& NI EAL o] Eajozy
B 1 U0S FolE & glon, Wl oEEee] o
I T o] F v FAHR] E4o] o]Fofxfof & Ao
2 g

EATEE Gl A EH A7 EAe) FEs = w7l
2 ke EAS AR Yl 1986-2005F O 2 HE]
1951-1970049] 215 A&ulEAlof9} si5H 20 gjs)] =
ARIGATHE 7). WA, dZulEAloleoxde #A99e] B4
ZoZHE FeE WHoE &, F, &, ¥ AFAAY =
o7 FEI7F FAEAUTHIH 7a). 53], 30°N o[sk]
olgd] & Ad) Mol EA Foxe 5] AFA
o7}, e FHdM= o] Ao} TRl o7IA &
9] A= Q) A7) Aol 339 FEUS <

EQ el =l
100E 120E 140E 160E 180

vjgith, webd X (EE) TFGelxe] S ARAol=S-
Bl 1986-2005(1951-1970)'d <] 1951-1970(1986-2005)
duct Gy #7]5k0] WAsllel F& ti718go] FgE o
Wes & F ATk

s 2EoM= Folrle} siIREAHH 10°N olake] d)
Mg delr] o sl 257t FElslth2® 7b). Rhdd
ofddl B FHE MY Ao 9] s a5
Uepdth. 53], Ao] vhg s dRIeHAl= FA,
Al Feloxe 9 sl 258 YeaL, e el
AMe 59 e 257t AT webA s 2R
o 2HE AAl BA(EE) TG 1986-2005(1951-1970)
F<k0] 1951-1970(1986-2005) FAtHET} o] #7|te] &
Ap7lell F& sldREe] 2504 deS ¢ Ak o]
oF o] Fo] dAFAolE sk Eie VIkEe] TEs oyt
I g9 HE e 3k E7INES oS st

(b) Sea surface temperature

60N T
j -0.2
A .

! 02 0.4
40N ~ 02 04T
30N . D

; Z0.2
[
20N 0.4 iy ‘
0.2
10N
£Q
100€ 120€ 140F 160E 180

O3 7 (a) Y& HIEAIM 2 (b) SH+ 220 CHSH 1986-2005W12 1951-1970 Aloje] &} 2t J& Ue| F gias SM 2 U5
Tig on|. SXM ZHH2 o1X| HiFAlo{el R 1 m s, S 2E2| AR 0.1°C. S AA2S 95% RATEMM SHH

o= Rolst Xeig ol

12 FETTETERT! IVETTRTIN] FUVIRTRTTE FRRTTTTER] FOTOT

1960 1970 1980 1990 2000

12 IETTRTIRT] ITRTSRTTR] INTTRNTTE FINTERITRI FITRTTT]

(b) Southeast
Il e IETTTITET! IVeTT

S——————————— 'Y,
1960 1970 1980 1990 2000

ITEN1 FETTRTRTT [YRTIATTE] ITTRUTTIT] INUTEIY 30.0

Vertical wind shear

Sea surface temperature

[ et 28,0

1960 1970 1980 1980 2000

1960 1970 1980 1980 2000

3% 8.(a) SM - (b) ESTH0IM HEE AZ] HIZA 0| @F)2} siTH 2(REFK)2| dH HECKE 4M) % 54 o|SHEGES2 4M)

36

rot

SE

]

Sl=2F Mod 65 2009 122



webs o] s 2 ui7|e] Heie 4.1800M9} 2ol 1986-
2005 FRto] o|F7RIRTE G A7ISke] B FolA
U Bo] Wllske Aol E 4 St

wEba floh 22 T wel] tigk FhEEEe] EoR
FH A 579 5 B4 2 FE 790 3T @
AZrjofe} sl 250 AAIES ATk Y 8). 9
A AFrlole] - BA FHoM = HEA Aasie S
AE Yefll= v, EE 790k 197080 28] &
7t ol3-2 YgsiAle des veRith T Follx]
olefdt A= 5 olFBTEY Bl s FslskA E
&t} E3], B Folx= 19809 FHA] AZA)o]
7 AEH o st 1 o] E2E AR ke,
FE T 197040 ZHWEA] ARAo7) A F
7¥etprt 1 olFolle dAgH siES UERTE 7 Ao
A=Al olegt Adtt MBS 7t A FedAe] dul A7)
F ANIEe] A WEd giAlE AT F Aol
9] Fl5H 2EHFAIAE AXAole} vIs=g 548 YER
th A Foolxe I ASHCE Sk FAIE
Uehl= wbd, I FYolde 1950d0-1960: a0 S+ 2
1990d] o]follE 2 FH 25F, 1970d9]-199040)
ZEAE B e oS Uehdth 3], 53 o5y
T AFollA AR, BA FHolXE 198635 ©] A
HojlAe] 57 71T STH 2%(28.8°C)HT} EHolA]Y)
NASH, e FHolE 197038 E] o] x|ol|xe] 573
7153 S 25(29.0°C)R T} Bolx]7] A)Zksit) 1990
U SRRTEE O] e sl 2R okt wet
A T AYelAe] Bl 5 Bl duE T e
A T AQeA Fof A7 BAARETE FHs] AZfst
< = BEsiAl YAt

AR, i #7154 A Ay, vk %
S ol wh=t} webr 1951-1970 E 1986-20053 &
Bl IS A, 2Rt Ble] 5 AR 1951-
1970 &Ml A, ehut S Z42F 441951, 1957,
1963, 1965y} 5:A(1954, 1955, 1956, 1964, 1970)°]N.0H,
1986-2005'd B<toll= Zkzk 7:(1986, 1987, 1991, 1994,
1997, 2002, 20042} 313(1988, 1998, 1999)]Ac}. wEbA
2R} AP7lells AU e ehue] 93 F 53] Al
291 @3] gl whH, FApo) Aol Ao @EFo]
A LS ¢ F Atk FLE (1971, 1973, 1974,
1975, 1985y 23]8] o] F A7) Alold] U&= 1971-1985
Woll o a8k ok @Yi: 1972, 1982). Wang and
Chan(2002y> A= @hut) sfoll Sof AVINES 2 &
AR A FEEAE 9ol sk 540l des
Helb Qloh. spARE ZAte] ARG duwe] gkl o
Z AL A7l B dFelre EAEEGY] dE 79 B
o 238 A FHdA F U 2 Eu] A7y dANE
£ YERIITHH 2). 2huke] Jako s Qs J4] <o)
A HRNIEYE 7Y =2 HIRE Hojof 3= 1971-1985d
ol F T BT 7 7o B IARNIERT e

AgENE BOIh oM BANIESH A, st

A

SAMEIEA0IM S M jeh ebize] HEZE HE 5S4

Im

o] ¥zt WBoME tha Xo|E Hole whd, T W A}
°]

34 AF Atolddls 95% AlZ)gEAlA 22} -0.45, 0.51=
YEeRST) o= Wang and Chan(2002)2] w3} AX|sl=
Ao|tt. ¥ A B EF FHA = 47 0.05, -
0.24(90% AE5<E)e] o] FAHoZH ge] F FYH
U= 92 A4S Yepliich ueid B Ayl 243
Ao MEEAL Fld 259 7d WF Qo v
Aat §ES 2 vAUS e 2HEE Ao
k= 2= 9tk Chan(2005)2 Chia and Ropelewski(2002)
= 9E giegolre] e EVbE fIXolA HEz
EAEES 317199] 91X F ATolxe] wiEel wEe, o]
Y3 ¥ 5SS Edl AVIYY] A 2 dANIE,

sEo e
olgHIE % F=e] Ad7t WEel dFE = & USS Al

12
ofj
A
=
!
n
&
-
18
=2
>
>
(L
)
&
of O]
oX,
o
v
Ho
.
)
ol

=]

Aok BA FGolME 1980:dd] FHE o] %2 o] FojAe)
574 719814 Ha WNIERT 52 s UeRllom,
G AT 19700 ZREA] o] FHd A L] 57 7]
S3H4 i WANIERT ST 1 o]$2E R Al
7} A&E Q). wEhd ghRiee] Adzt s F
A Alelo] vite] siglo] FAge]o] itk o] wite] S
2 A REdERE e} A RiEAeAE el 1
ZEE o] A= 1986-200533 1951-19703 Alele] &uj
7180 B 2 o] FE5AT o] Hlle] He tivlsds
o] BAE vlaitA 31t

T 7 Alelol] € F] A7| HAINIE xje] Ao
1951-1970d s<toll= 99 7P 2 pol7} FAEIE wF
™, 1986-2005' 3001 7€ 71 £ zpo)7) vERGT) E3),
Al & Aol tigk 7 T Ale]d] AellAe $AAIZI7E A
Zpx171el Blaf oF 1.59) A= wol WAsIATE ol T
7] B BAATFelA F O okl 9 nigiaojel F o
3l slgd 2571 3 ¥9de] FHAt

T T ZAZelA A g A7IgE disl T A7
Atole] o] A7I o) FRIE xte] Ao, FA] e
785, 1951-1970 =<t Ad] A7 |9E2 el sE5sde.
ZHE FFEEE AY S @ YEOF o)Fsle RIETf
=9tk whol 1986-20051d B3] Au] AYIPES Haat
o} FEol] FFS F= Nyt Bt U FYoH=
T A17] Alelel]l tigF 150°EE 71EoE F&ole HARIET}
AR YeAlE fEs YeERIITE: A% - 1951-19704d &
ore] Qo] AV|UE, BZ - 1986-2005 Etke] A A7)
HE. 53], 1951-1970 <ol Au] A74EL el 5

_1

"

37



ZaldogRE HdEel] B dem Wako R o)k RIxETt
ESsHA =30t

T 7ol F A7 Alelell 9ok 22 G AYISE oF
Hlo] F7iafeo] YehdA & 90 F A7) 2ol digk
500 hPa A|9]3% P njghe] op=dg] FAojA Flof & 4=
AATE. o] AN YEE 7S FElgE 532 Folr o}
5ol P ozl 719 siEelint. 1951-1970 &
ell= Folrlol tiEel A7 w8ke] ol=dE]rt P
o] dejl FEMWFOZNFE Folro} alijkE wet WE o}
=47t A=A o] e of=dEls Edl #7|Ye] B
2 FE3FOZRE Folro} Fljks wet olF3ly] AAl
k= AEfe] 98kS stk Wb 1986-2005d Bt
Bolrlo} giEol 317193 8k ozt FAdEo] P
A FEIWFoZHE FoMo} kS wet 5 o=Eelvt
ZAg}E]lon, o] 389 ol dd) A7I%te] o] AY
o7 olFshz AL v AE%S I

T A7] Atelell Edl A719) dANIEel] FEE = 7]
2 jge] 5AS AxulEAlefe} sl 258 Bl AL
slth. 5 Wl tigk 1986-2005F 02 HE 1951-1970:3
Aole] ZME FA B FE Tl e 7 9] XA
o9} ko] sl 2%, o] AFAle e} 29 FlE 2%
£ Uehfo] Bxdsidko g gi3T7xE Jehieh =35
T Rl isl ol F9elM HaE AIAE FA] 2F 9
ol Xe] du A7} HARIEe] 5 fAlSIA.

o] A7 A A7 TARIES] Adzt WE EA4) o]
of tigt FoE EXdolvt =4S T3tk AT Kim et
al.(2005)} Choi et al.(2009)2] ArollA] ARg= 1R 7534
2k = W31 (Change-point) 4 53 22 tekF
g AR EAPHS o8t Eu] A7IeF AT A
SRS T U A8 BAdlek & Zlo= vt

#dAlel =

o] A= IHIATE FAR TVIIEd=Ed
Tob Fxshul WEledydS Bkl AddE SE=sF

B AgEsiRlpAllel osle] ARG 7AY
o ZEgTh AR AN S o) Al Alsle)
957 2 AE =g,

A
AT

*S !

227y, 854, Fax, 94, 149, HEE, A¥=x (2009)
20084 HIF 574 th7IX], =71383], #1195, 183-198.
Atkinson, G.D. (1977) Forecasters guide to tropical meteorology.
U.S. Air Force Tech. Rep. 240, Air Weather Service [Military

Airlift Command (MAC)], 360pp.

Chan, J.C.L. (1985) Tropical cyclone activity in the northwest
Pacific in relation to the El Nio/Southern Oscillation phenome-
non. Monthly Weather Review, Vol. 113, pp. 599-606.

Chan, J.C.L. (2000) Tropical cyclone activity over the western North
Pacific associated with El Nio and La Nia events. Journal of
Climate, Vol. 13, pp. 2960-2927.

38

Chan, J.C.L. (2005) Interannual and interdecadal variations of tropi-
cal cyclone activity over the western North Pacific. Meteorol-
ogy and Atmospheric Physics, Vol. 89, pp. 143-152.

Chan, J.C. L., and Shi, J.E. (1996) Long-term trends and interan-
nual variability in tropical cyclone activity over the western
North Pacific. Geophysical Research Letters, Vol. 23, pp. 2765-
2767.

Chen, T.C., Weng, S.P., Yamazaki, N., and Kiehne, S. (1998) Inter-
annual variation in the tropical cyclone formation over the west-
ern North Pacific. Monthly Weather Review, Vol. 126, pp. 1080-
1090.

Chia, H.H., and Ropelewski, C.F. (2002) The interannual variability
in the genesis location of tropical cyclones in the Northwest
Pacific. Journal of Climate, Vol. 15, pp. 2934-2944.

Choi, K.S., Kim, B.J., Kim, D.W., and Byun, H.R. (2009) Interdec-
adal variation of tropical cyclone making landfall over the
Korean Peninsula. International Journal of Climatology, DOL:
10.1002/joc.1986. (Published online)

Choi, K.S., and Byun, H.R. (2008) Possible relationship between
western North Pacific tropical cyclone activity and Arctic Oscil-
lation. Theoretical and Applied Climatology, DOL 10.1007/
s00704-009-0187-9. (Published online)

Dong, K. (1988) El Nio and tropical cyclone frequency in the Aus-
tralian region and the northwest Pacific. Australian Meteorolog-
ical Magazine, Vol. 36, pp. 219-255.

Gray, WM., Sheaffer, J.D., and Knaff, J.A. (1992) Influence of
stratospheric QBO on ENSO variability. Journal of the Meteo-
rological Society of Japan. Vol. 70, pp. 975-994.

Ho, C.H., Kim, J.H., Kim, H.S., Sui C.H., and Gong, D.Y. (2005)
Possible influence of the Antarctic Oscillation on tropical
cyclone activity in the western North Pacific. Journal of Geo-
physical Reasearch, Vol. 110, D19104, doi:10.1029/2005JD00
5766.

Kalnay, E., and Coauthors (1996) The NCEP/NCAR 40-Year
Reanalysis Project. Bulletin of the American Meteorological
Society, Vol. 77, pp. 437-471.

Kim, J.H., Ho, C.H., Sui, C.H., and Park, S.K. (2005) Dipole struc-
ture of interannual variations in summertime tropical cyclone
activity. Journal of Climate, Vol. 18, pp. 5344-5356.

Kistler, R., and Coauthors (2001) The NCEP/NCAR 50-year reanal-
ysis. Bulletin of the American Meteorological Society, Vol. 82,
pp. 247-267.

Kwon, HJ., Lee, WJ., Won, S.H., Cha, EJ. (2007) Statistical
ensemble prediction of the tropical cyclone activity over the
western North Pacific. Geophysical Research Letters, Vol. 34,
124805, doi:10.1029/2007GL032308.

Lander, M.A. (1994) An exploratory analysis of the relationship
between tropical storm formation in the western North Pacific
and ENSO. Monthly Weather Review, Vol. 122, pp. 636-651.

Matsuura, T., Yumoto, M., and lizuka, S. (2003) A mechanism of
interdecadal variability of tropical cyclone activity over the
western North Pacific. Climate Dynamics, Vol. 21, pp. 105-117.

McBride, J.L. (1995) Tropical cyclone formation. Global Perspec-
tive on Tropical Cyclones, WMO Tech Doc. 693, World Meteo-
rological Organization, pp. 63-105.

Ramage, C.S., and Hori, A.M. (1981) Meteorological aspects of El
Nio. Monthly Weather Review, Vol. 109, pp. 1827-1835.

Reynolds, R.-W., Rayner, N.A., Smith, T.M., Stokes, D.C., and
Wang, W. (2002) An improved in situ and satellite SST analy-
sis for climate. Journal of Climate, Vol. 15, pp. 1609-1625.

Wang, B., and Chan, J.C.L. (2002) How strong ENSO events affect
tropical storm activity over the western North Pacific. Journal
of Climate, Vol. 15, pp. 1643-1658.

rot

FIRfsts|=2X! MoR 65 20094 124



Yumoto, M., and Matsuura, T. (2001) Interdecadal variability of
tropical cyclone activity in the western North Pacific. Journal of
the Meteorological Society of Japan, Vol. 79, pp. 23-35.

Zhang, G., Zhang, X., and Wei, F. (1994) A study on the variations
of annual frequency of tropical cyclone in northwest Pacific
during the last hundred years. Journal of Tropical Meteorology,

Vol. 11, pp. 315-323.

| Aluz

[= ey

b =

—

Im

SMEIEA0IM S M7 |ef erdgl=e

&)

0 ¥=35Y
O Al
O Hrtekad

1 099 08Y 24
1 09 08¢Y 28
1093 109 22¥

39



