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Abstract The modulation of the intraseasonal oscillation (ISO) on the typhoon tracks over the western North Pacif-
ic is studied by observational data analysis. The authors divide the main classes of typhoon tracks into five types
based on the traditional methods. The results show that the ISO may affect the tracks of typhoons. The low-fre-

quency cyclone (LFC) or low-frequency anticyclone (LFAC) influences the intensity and position of the monsoon
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trough and subtropical high in the lower and middle troposphere. The LFC east of the Philippines will strengthen

the monsoon trough, and its northward propagation will influence the position of the subtropical high so as to influ-

ence the typhoon activity. Afterward, typhoons are more inclined to move along the zone of positive vorticity of the

LFC. The ISO westward propagation in the form of wave trains in the subtropics also influences the position of sub-

tropical high. The interaction of tropical and subtropical ISOs performs an important function on the typhoon

tracks. The low-frequency circulation at 200 hPa can also have an indicative effect on the typhoon tracks. As a

whole, the circulation field of ISO can be used as a basis for forecasting the typhoon tracks.
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Fig. 1 Different types of typhoon tracks: (a) Straight west-moving typhoons; (b) northwest-moving typhoons; (c¢) typhoons recurving to

the west of Japan; (d) typhoons landing in Japan; (e) typhoons recurving to the east of Japan
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Fig. 8 As in Fig. 6, except for typhoons recurving to the west of Japan
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Fig. 9 As in Fig. 6, except for typhoons landing in Japan
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Fig. 10 As in Fig. 6, except for typhoons recurving to the east of Japan

s DUAR AR R 18O [ PG 4L 7 124 . &
WG TUT PR R AR 8l 5 T T B E 2 XU i) ZR A%
IR ISO, 2l G WS T . IF B85
HARIZRRE B, AR iy K ISO 1) Jb A% 4% if il
P RAFE OB P 1L . B2, B KR B4R
SRR BT R ISO R RIVERT: 4B AT A AH
FRBZIS B 1SO ARIR ULl sz 2] . Rk
ALt 18O B IR A AR B BEE ¥ ] AR 248 19 1SO
AR AZRIA] PY AR 0D - BB 1SO )
Py ISO e p sl E A R, 5 WG TAE &Rl
1), lCE R I L DX i 5 R S o 1 el
& X5 T sh R gk ie e s, 7550, 4
P bde 10 5 @I o IX V5 4% 1SO {7 A AH R

IS IR, i 6 X5 T1E H A .

XFH KA ISO 1 Bl Wi A 7] 5 )R i 72 78 1 1
s SFAXFRRYSS S X T PR B AR A PE LA
2, Pl KR ISO s e 75 B8 F BRI
XFF HACE B B AN H AR DL AR B B A%, RV KA
ISO {52k E o FHEAEH] .

500 hPa fI A5 24 a0 1) v A2 3o 72 M AZ 3G AR AE 5
850 hPa LML (EIHE) .
5.2 200 hPa {E3IXUAH)ET TR

A 3 F T A AT R AT EL 4 AITE 200 hPa AR
WG RN A —E e RER . KRS
AR B2 52 B A WL X E %5 9 LECA g il < 3
DR, NI 11 1 AT & B AR A s A B S



3 14 FHAEEE . KA PR VG LT 7 5 XU A2 19 52 i i 5
No. 3 TIAN Hua et al. Modulation of Typhoon Tracks over the Western North Pacific by the Intraseasonal . . . 573

BUAEHIAT 15 KA 80°E Bffr. HEFEIHRIAWIRARRES )5 10 KERBR A S-S 15 K. Z 0
Imig. 0 REFHOALE M ARB ] 110E~120°E, KA A R

35N WHifr . ZJim A B B A (EL i BE S i ) HALAPER 30 AL 5 X (B 13) A2 LA 15 RAE
EIIPNI ST o N R AL T 30'N~40°N [fHiL ) 80°E~ 18077 EAR A 51 Y TE

PALR SR G X (B 12) [AlFEdsz 2] 200 hPa 2, PRG035 o I8 e . AIRA3 S e« A1t
RIS R M R R AR 5 . AEREAT OB (RS BEJS. AET BAS BRI
15 KA eI P X B2 2 MR BEDESTH IR - i AR MR o8 0] ) E 3t sz e U 3531
Jigs WIS S U Z B — MRS Uie . BEFR I PRI RS, 78 0 KIS EIFAE—&. #HH M
1AL XA S e [ AR A P R A 120°E B 170°E () R MIX . 1 5 KU 52 31 75 7
3, 76 0 RINGIFE—EIF IR R B R, 08 O SO A2, B w5 ) HAS A7 K DAV 3 X
RBAEFR E ARG B Eas, G RERENZXA  Bah. Bk, 5 HARIPYE G KA AR ) 200 hPa
RIS e PY P O PR R AL R I AR IR Sl 2 B il BAG 3t DX 2R 1 7 1 ARt s e
B8 M, WL g R, R MR A IR,

RIS > VRN A A AT 3l 1) AR 1) P A% B HAERERL G R (B 14) fEHA BLRT 15 K,
40°N Day —15 40°N Day —10
N P =
Cl FES SN s )\\\3\\/‘////2
J L A \//ﬁ‘ V(17720
s | s ES A i
” ETPPRRNAN
f : LMY )
20°N A« 20N {2 e e v R e sy v v 7 e
C e . N - il A
NS O NS SRR ... A0,
10°N e 2 viviin MONpesrninovg SIIIZIIITIIINN
...... NS TTULIRN L posrASSSSRBERTN
EQf«evressd BIIRTEXY, Nxeeean EQ{«rrr=aX R - G R P,
: /%m Raiireaxes SrieN 2 S Lk
80°E  100°E  I120°E  140°E  160°E 180° 80°E  100°E  120°E 160°E 180°
Tm/s 1 m/s
40°N 2 3 s0oN 220
y///- LTI e VG //7;/////
R N, ~ -
7 S _’:\\\ . ’/ /\\\\-:,//_\_\:Q\\&kk\i £ /;/K\\\ A '\\\/-':.
b Ty N = o -+ —~ %% |
30°NZL T i e S TR \ 30N L7 1t Al
: i VAR \\\\\\'\‘\-\\._
20°N 20°N 1 :
10°Nf - e T gl A
PR . o S PP Rl S i
EQ’:::: AAAAA v e :“:‘ W R B ey EQ- ...... 4 4 R R E R
; i X : LNk e
80°E  100°E  120°E  140°E  160°E 180° 80°E  100°E  120°E  140°E  160°E 180°
1 m/s Dav 10 1 m/s
40°N 7 40°N s -
30°N | 30°N i t
! wa: SEEL e
20°N 1 20°N{ A~ - \71;'7,/,/:
.......... P f Tt AN ety = X
...... vy + n:gkho—e«—-——::kk‘:\\\‘\\
10°N { 10°N v ¢, T NN\
o D1y DINN
EQ{- EQ{r i 7 iR
80°F  100°E  120°E  140°E  160°E 180° 80°E  100°E  120°E  140°E  160°E 180°
1 m/s 1 m/s
I [ [ ——
-2 —1 1 2 105!

& 11 [ 6, {Hk 200 hPa fik45i X7
Fig. 11 As in Fig. 6, except for 200 hPa



X " B ¥ 34 45
574 Chinese Journal of Atmospheric Sciences Vol. 34
Day —15 Day —10
40°N . 40°N Ty
AR P
30°N{eiiiee 30°N el
...... 3 4 g
a - Az = gy PEIIRY/
20°N 4 Mo 20°N 4 e N oaan kst S YA fi‘l.h.,f]/
.//“//,_\\\\\x,,/ /
....... : : S - a1 (
10°N \ KRN R R afpr RS \\\\\\\\\\\\\‘\\\, e lOON CORACU. X R S S,
WAL /:ﬁi'*itiﬁtitiikilizz,ff ‘7:::‘\‘::::“ Wy
Lo sl 2 e A A RIS ai i e 7 ) o gl B B s e iy o
m%%ﬁ%% S ro % ii%iﬁ- GRS
80°E  100°E 126°E 140°E 160°E 180° 80°E  100°E  120°E  140°E  160°E  180°
Tmis 1 m/s
Day —5 Day 0
40°N 10oN 28
A >
PR = o «A
._\v\._/ / V.
30°N{ L NS s /:\:vf/, 30°N{ Lo e I VU P £ ]
. - N ._-..\.::( / \‘—vrrv‘ PR v |
20°N 1 B LT 20°N -
AT
gEoucnc VAR -
10°N ALY 10°N
NS
A NN
« NSm—— e
EQ/ Z%4./ /.// S EQ1™
,,% S Lo
80°E 100°E 1 20°E 140°E 160°E 180° 80°E 100°E 120°E 140°E 160°E 180°
Dav 5 1m/s Dav 10 1 m/s
40°N — 40°N =
30Ny 30°N{-
20°N | - 20°N + v
A /7
*1;::::::;1 ..... i
10°N 4 N 10°N+ NN SS BRSNS /) & i\
222771 B O A Ny v e S e v v Nt aaa AT IR
T ST ISRV
4 == i ] 4
EQ B RS ANEN e < 7 AED EQ Vi r T
: i : . 774 i R RSN 1 7 77777
80°E 100°E 120°E 140°E 160°E 180° 80°E 100°E 120°E 140°E 160°E 180°
1m/s 1 m/s
I [ e
=0 = 1 2 10°s!

12 [HE 7, B 200 hPa fik45 X
Fig. 12 As in Fig. 7, except for 200 hPa

7 25°N RLb A S BT H X PG 30 2R Sl AR A9 e
RS BE S ARARABE R IS I 2, T (10°N~
20°N, 160°E~180°) WA —AMIEAI S AJE X fll 34
At L DX AR I8 5] I R 0 T i 57 - [ S A P R
S b AR AE A T s I 1) PE A6 5 ) B8 B
7E 0 KAF M PGS sh 2 H AL r i, H k& K&
PG VY R IR Sl AR H AR B . WIS 5 K
%%ﬁ%m%%ﬂﬁmlS%m&,kMﬁ¥¢%
W AR 40 RAA
HAAR G X (K 15) FREEZ 3] — MK
SATERIFEIE T AR R S = IR TR AT 15 K
(2RI EPFEVE S IS SUNE 1 SE7E o 1 LG B R B
ENBEVER A . BT AR R85, TERHT 5 R E

LA SR AR S b, Z Rk R
gt Hoom e s . 78 0 K ik B issm, JF H
(B RAR » Z e Ak ST ZR RS ). (EL 3 B2 T ok

59, T GRS 32X MR i % 6]
Ja T HARZR NS % .
SRRPE, & RUREERIE 52 F) 200 hPa ARAR

W ., i 200 hPa AR 3 (4 4% 46 7 1] Al
850 hPa 1% Bt EA 1R B9 3t 7 SO 22 90]. 51688
FEART & WUAHIBE R 1Y 200 hPa {IRATE Sl 1545 77 1]
FEFRIN LK 80°E BT ARSI R S ERY
ARG . SPEACR Sl & KAHEE R 11 200 hPa %
BIE B AE 20°N~30°N F71E 7R . P8 P AMIRA <.
WERI AT 10 H A AP R R AR L P AR s <



34 FIAEAE . RAFTNIRG N PR & WU A2 1 a5

No. 3 TIAN Hua et al. Modulation of Typhoon Tracks over the Western North Pacific by the Intraseasonal . . . 575
Day —15 Day —10
40°N e /,// e 40°N
aned! {
N B2 K W 30N
(== 0 ’Q
20°N {772 a8l 20°N
IOON' IOON‘ SN 7 r 7 M neey v b
Loy e kg |
TS b e Rt trss s s NN
EQ 3 =28 A DR EQ- / pré/(;/(////-é/””"%*tt
M b ! D s : i ‘ LRy T
80°E 100°E 120°E 140°E 160°E 180° 80°E 100°E 120°E 140°E 160°E 180°
1 m/s Tmis
Day —5 Day 0
40°N D% 40°N 28 TS ;
7" NN NN <
R » - ‘\ R
30°N {7/ 30°N A N2 22 \
: = M ="
207N 20on (7 1= 4 ,,/7?.?\\\&
= et | 1o AN N
e 7, ;/,._“\\\\\.. B }E
10°N 1% 10°N ] S o )

EQ+

80°E  100°E  120°E  140°E

D
40°N 23

30°N 1=

20°N 1

e Ak

10°N A z : i i e =™
N ‘\\ . ﬂ 4//5//////WH
7 L e ]

o SR T e

O g (X e Anlaiah
EQ 1 e i SO A S
=

/
S a e e e

S A
T
S A A LA OSSN g
sSSP C A A

160°E 180°

EQ
80°E

100°E

120°E  140°E

40°N

30°N 1o

20°N 1

10°N

PP AR
“ B ket B R AP ]
PR PSR e a s,

EQ|

: i DSae T CION s ; Ry F7 ) e
80°E 100°E 120°E 140°E 160°E 180° 80°E 100°E 120°E 140°E 160°E 180°
Tm/s Tm/s
I I
=2 —1 1 2 10°5s7!

& 13 [FE 8, {Hy 200 hPa fik45i X%
Fig. 13 As in Fig. 8, except for 200 hPa

WEMIA I BHA BRI 30°E~40°E Z[A],
Xt T H ARG & XU, 200 hPa gl 3471 {40 i3 51)
TSN . P HLIX. 140°E RAARA S SBE Y 1) 78
e mBEE T, ST HARUAR L, =
B2 IR [ IR B R 1) AR ARG 1 K AR <
TER S

6 SEEFMTIE

ARSCHEFE T R IR ISR R 3 LA &
HE A Bt & KA . 1508 & KRS Bl A2
Ko 1A 5r 0 5 MY, FF G T TT 5 B T
ENGIR= e ny R Y 2 s S Rk P O P
H R ISO A RMERR LN & MR AR A H 250

ST R, KA SO xR ERZE B )2 LU
R B AR S R R SR i 5 XU 3l AR
Jié b B U B OB AE 20 5 XU AR A AR A Y 99
S ARBURE GRS T 1SO 98 XS 4 BV IE £
R Fh T R T8 38 S 2 A AT 3t DX {6k 2 XU AR
e 0T AT 1 X8 ) Al g e A R, 2 i
Rl Ik AR R s DA AT B XS 3l A BRI
SN T 6 KAE 3. AR SUA F T 5 X
A G He B IR A E R BUR & B KR
HIE 1] o ARRII e PR A7 5 5 JEE B3k -5 A R 1SO
IR A AN BB R TISO WA HZAE M.
XS 5 XA R S Ae = R . BARRBUY . il
RATSO AR LSS A HB AL JUs 1) P I8 fi 75 7 17 7%



KRB 34 %
576 Chinese Journal of Atmospheric Sciences Vol. 34
Day —15 Day —10
40°N /y/,r 40°N T
30°N 30°N -
20°N 20°N +
10°N 4 - 10°N - oSSy &
u@f’/{]«--.iii; SRSeerAs
. cey Pl e
EQ' EQ‘ MR "//;;;;//////.‘////////
VRl MAAREREL //X/!/l!/l“ﬂ
80°E 100°E 1 20°E 140°E 160°E 180° 80°E 100°E 1 20°E 140°E 160°E 180°
1 m/s Tmis
Day —5 Day 0
40°N T 40°N = ————
) VIV vV
e 7 TN
30°N{ %4 30°N * \'\‘t\\\\
NPE YD PP NRAARDR . \\
P \\\\\\_““‘l vy
...... NN ////:: : 1{15;;;5‘//
20°N } - /i 20°N - et /i
,,,,,,, __-_—-—m_..._ﬁ\\\. PP
..... /}/’:a........u‘\\\\\ “.V...-‘:.’....., A% e e AR
10°N /'/'/'/h.,/"”“””\' 10°N - AASRe
///// PR RN . -, ////.)/( ‘ ‘ \\ PR LAY ! i |
A A A I vissmmasd) LR RGN
el ‘“' L ot 'J,;;jj 555::::11::: = ey s
EQ+ X ,3?/ PR AL EQ 1 J A
R SN ‘ a5 TR Qr: e o te e
80°E 100°E 1 20°E 140°E 160°E 180° 80°E 100°E 120°E 140°E 160°E 180°
Dav 5 1m/s
40°N 175 40°N
/////,
30°N \\~ 30°N ;
AN
20°N { 20°N {
10°N 10°N 4z
EQ,...'.‘. EQ, - ‘,.»1////;:::-,/’///:".
"*“uu/ ; ; Y o PP /,;;’x’xv«' L
80°E lOO°E 120°E 140°E 160°E 180° 80°E 100°E 1 20°E 140°E 160°E 180°
1m/s 1 m/s
I I [ e—
) ol 1 2 10°s!

14 [HE 9, B 200 hPa fik45i X7
Fig. 14 As in Fig. 9, except for 200 hPa

3l I LIRS — AR — U Y
RARAE . i 6 WG R 2 MK, mATE
FRIE e LK T R R — R B . B R
ISO MARHEE AR A WG 1 PE L 7 1 5 8, 2R it
AP RS ISO DA SR 34 i) VU A54% . I LA
ST 1SO JUAE AT AHAR R . WA R AL i 32
S, ST R E AR X, B R G FHT
R B, SR A KR ISO B By FEAR 22 )
VRS Sl AN AAEAE BN BEVE BRI 14 1) R A4 . AB 20k
F BN 10 B R 1SO ZESE A R IL A dufeqs
F s, EARRIHCH X 1SO RLAHAR . (B
ASTRACAL A IR BR . ICAR S ] b AT A S i 21 3
MHLIX , FESLFIESAT & G T H 4 DL G B i 4%

Bl oAb, BT IX 0% 1SO 5 EHGHE [ P f£
# 15O {7 AHAH R, RS9 < 7E H A mE BI04
5. 5 G T H AR fl s QR #H KR 1SO AR
T EN BB AR BUR M AR B, 44 1] P X # AR
T BN R M 2 AR B — MR e, IR e 4k
SEM AR NGRS sh 278 H AR R iR X 2 AR — PR
mRl, A ERESHH AU RES., AR
ISO & S A A 5 KU AR R 1 00, 7l LA 25 A
Sk PR B AR RV IL B AR, A R 1SO 132
Wik 2 S B AT 5 T H A8 i LA H AR LA
IRIVFRAE . IR R TSO F 520 e 25 58 T 1Y)
ER . fal 40 fidg s (1992) RILZAR W 120°E ~
T40°E $h X — 25 [m) A4 48 A S 007 . 3X b ety



3

FIAEAE . RAFTNIRG N PR & WU A2 1 a5

No. 3 TIAN Hua et al. Modulation of Typhoon Tracks over the Western North Pacific by the Intraseasonal . . . 577
Day —15 Day —10
40°N = 40°N —
ok RRRRNRNNR T|\\'~....__,___‘,,__
...... SN AN ]
30°N T ¢ 30°N -+
20°N | 2%y 7 20°N 1% 5
TN &\\\K 4
vy e —— - P
10°N+ T g A e et 0PNy g 4007 e o it B == RN
~~~~~~ cewewniN PR N S S S SN NNN
............. AN $ LR e |
EQ' ......... rxe EQ‘ < ¢ § Co :.:::» ety s et s e
: I . n,,.al_,_,,\,‘ . I 4 ,4 < - S - }";—'\\\xotr
80°E 100°E 120°E 160°E 180° 80°E 100°E 120°E 140°E 160°E 180°
1 m/s Tmis
40°N 2 2 a0oN 220
z‘k}\ \\\?: % ‘T T }\ 1\ / NN //,'N\\\*‘\ W\
SN\ Z T2 W Co NS
300N_‘\\‘\\‘-h_,__.,.:.::.;. ey \ 30°N" e REEREN \
:::._-.v\\\\ b y ! i Q\\\\.\
e s\\\\'\'}\Tr’ n,;;//_\\\‘\\ti:‘:::‘”{\?}\ . ‘//’/:\ /\,/‘\/L )
20°N{- o5 WP 0 A 200N ‘;E%%Qﬁ) 12
____ e
....... s S

ON A
10°N } BRSNS NN N SRR
N NN RN R e

PR R

EQ1 ) SR, RS
DR ::I_ i : (—R‘-IH.;;..A
80°E  100°E  120°E  140°E  160°E  180°
Day5 Tm/s
40°N

30°N{=~

L3R /
10PN £ #*x = o e
> ..... =y . ... ...

e
e e, TR Y
s R TrrI Y .
LLAAA LA v
S A S0ttt
g. 8 - S peSTTTtee e e

120°E 140°E 160°E 180°

P >
EQ /'/'/'}

R

80°E  100°E

40°N

30°N

.-

20°N 1 - 20°N 1, -
: e
" . —
IOON’ lOoN’ . ; DU SO ;‘1, -
B e — S Al b e ey
EQ otk :: EQA o ] /:ggh‘;da-..,u”.-:..,:.
. X LA NI I S AR PSS NS DM
80°E 100°E 120°E 140°E 160°E 180° 80°E 100°E 120°E 140°E 160°E 180°

1 m/s 1 m/s

I [ [ Te—

-2 —1 1 2 10°5s!

15 [FE 10, {Hk 200 hPa filK45 X7

Fig. 15 As in Fig. 10, except for 200 hPa

S RSP REE A AR IE . k. B
AR R ARG 7E 120°E~140°E A b
TEHEAFAERY .

7356 X)E BJZ 200 hPa O RSEEF i IE St
B IR A — 2 iR . 7E G KA .
200 hPa 753 FE Rl sl i sl Py AL P9 s —
MBS ERALE BRE FRT R IT
6], X & KBS AR A —E B4R R/ 2R AR
B AR 07 B O P 07 T R IRl s, & XU —
TH R0 ) D AR U 17 P 6% Bl A P A% B A L 1
WG QSRR e o T3 A v b 5 UL
T FL P R 0 A4 A Pl U 1) P AL RS 3 B P LA T
B ARSI Ui RO L B T HAR ) |

Z5 . P A AVY 3 X O B B D . B X
D) B0 i) 45 o I R H AR DAPG R LAPG RS 3l 5 A SRAIK
W GE ) B A AR — 28 o P 000l i 0 4%
W) HAS & . S22 6 W &) F A Bl insf
BRI B U AR T HASLUAR . W 5 W 16 )5 5
T AR XL, BRItz 5k, 200 hPa {5
R R B B2 A I3, 7 rp 43 2 I Bl H X
A HEATAE 80°E BFIT RT3l 17 94 1% 4 R L AP
B . i oh, AR HUIX o n] REAT IR
SAEAL AT 1 PYAE D5 1 A 4% sl I T o 18
B JRE i AR Sl 1) AR A5 4

RSO IR G AR 3 2R
FATAT LUK R ISO W IR AE S & XU A2 Tl



P 34 %

578 Chinese Journal of Atmospheric Sciences

Vol. 34

gz —.
S %3k (References)

Anderson J R, Rosen R D. 1983. The latitude-height structure of
40 =50 day variation in atmospheric angular momentum [J]. J.
Atmos. Sci., 40 (6); 1584 - 1591.

Bessafi M, Wheeler M C. 2006. Modulation of south Indian Ocean
tropical cyclones by the Madden-Julian oscillation and convective-
ly coupled equatrial waves [J]. Mon. Wea. Rev., 134; 638 —
656.

Carr L E 111, Elsberry R L. 1995. Monsoonal interactions leading to
sudden tropical cyclone track changes [J]. Mon. Wea. Rev., 123
(2): 265-290.

Chan J C L. 2005. Interannual and interdecadal variations of tropical
cyclone activity over the western North Pacific [J]. Meteor. At-
mos. Phys., 89: 143 -152.

PRI, 1977, & MBS RIBEREE A PER (1. KRB, 1(2):
138 -148. Chen Lianshou. 1977. A review of the present status
of the research and forecasts of typhoon [J]. Chinese Journal of
Atmospheric Sciences (Scientia Atmospherica Sinica) (in Chi-
nese), 1 (2). 138 -148.

Chen L X, Xie A. 1988. Westward propagation low {requency oscil-
lation and its teleconnections in the eastern hemisphere [J]. Acta
Meteor. Sinica, 2 (3): 300 - 312.

Chen T C, Murakami M. 1988. The 30 - 50 day variation of conven-
tive activity over the western Pacific Ocean with the emphasis on
the northwestern region [J]. Mon. Wea. Rev., 116 (4). 892 -
906.

Chen T C, Weng Shuping, Yamazaki N, et al. 1998. Interannual
variation in the tropical cyclone formation over the western north
Pacific [J]. Mon. Wea. Rev., 126: 1080 - 1090.

T il JkF ER. 1983, 520 P4 KT & WKUR ¥ R RS B0 4
1 [T, W24, 5 (5): 561-574. Ding Yihui, Wright E R.
1983. The large scale circulation condition for the western Pacific
typhoon genesis [ J]. Acta Oceanologica Sinica (in Chinese), 5
(5): 561 —-574.

Ding Yihui, Reiter E R. 1984. Large-scale circulation conditions af-
fecting the typhoon formation over the Northwest Pacific []].
Acta Oceanologica Sinica, 3 (3): 327 - 338.

Emanuel K. 2005. Increasing destructiveness of tropical cyclones o-
ver the past 30 years [J]. Nature, 436. 686 — 688,

Ferranti L, Palmer T N, Molteni F, et al. 1990. Tropical-extrat-
ropical interaction associated with the 30 = 60 day oscillation and
its impact on medium and extended range prediction [J]. J. At-
mos. Sci., 47 2177 - 2199.

Gray W M. 1979. Hurricanes: Their formation, structure, and
likely role in the tropical circulation [M]// Shaw D B. Metorolo-
gy over the Tropical Oceans, Royal Meteorological Society, 155 -

218.

JEEE R . R R 2RV, & 1993, FEmTRE AR [ A A XA T
A (], RS 4, 2. 4-8. Gu Runyuan, Zhu Guanzhong,
Li Zhenhai, et al. 1993. Comparative analysis of different ty-
phoon tracks influencing China [J7]. Journal of Shandong Meteor-
ology (in Chinese), 2. 4 - 8.

Hall J] D, Matthews A J, Karoly D J. 2001. The modulation of
tropical cyclone activity in the Australian region by the Madden-
Julian oscillation [J]. Mon. Wea. Rev., 129 (12): 2970 - 2982,

Harr P A, Elsberry R L. 1991. Tropical cyclone track characteris-
tics as a function of large-scale circulation anomalies [ J]. Mon.
Wea. Rev., 119: 1448 - 1468.

i, RS, 1992, AR P X AR R 5 119 4 1) 1% 16 S v 4 BE i AI%
gk sh [J]. K 42F#, 56 (2): 190 - 198. He Jinhai, Yang
Song. 1992. Meridional propagation of East Asian low-frequency
mode and midlatitude low-frequency waves [ J]. Acta Meteor.
Sinica (in Chinese), 56 (2): 190 - 198.

Hendon H H, Liebmann B. 1990a. A composite study of onset of
the Australian summer monsoon [J]. J. Atmos. Sci., 47; 2227 -
2240

Hendon H H, Liebmann B. 1990b. The intraseasonal (30 =50 day)
oscillation of the Australian summer monsoon [ J]. J. Atmos.
Sci., 47 2909 — 2924.

WAFRME . 0 L2, AR, 25, 2005, HER HiL X B e B i iy iR B 58
IR RERE 2 Wi [J]. AR L%, 21 (4). 377 -
382. Hu Chunmei, Duan Yihong, Yu Hui, et al. 2005. The di-
agnostic analysis of the rapid change in tropical cyclones intensity
before landfall in South China [J]]. Journal of Tropical Meteorol-
ogy (in Chinese), 21 (4). 377 - 382.

B, 20, TH. 2008, 2006 4F P A 7 HHE SE A BT EL
A5 W E AT (], Bl RG24, 24 (6): 590 - 598,
Huang Yong, Li Chongyin, Wang Ying. 2008. Study on the cau-
sation of anomaly of cyclogenesis frequency and location of tropi-
cal cyclones over the western North Pacific in 2006 [J]. Journal
of Tropical Meteorology (in Chinese). 24 (6): 590 - 598.

FEIRIG, REWY. 2002, ARZR M IX R SOREARIRE 8 (1 20 LI 1. B
AR %%, 13 (1): 88-95. Jiang Leyi, Ying Ming. 2002, A-
nalysis of anomalous frequency of tropical cyclone in East China
[J]. Quarterly Journal of Applied Meteorology (in Chinese), 13
(1): 88-95.

Krishnamurti T N, Subrahmanyam D. 1982. The 30 - 50 day mode
at 850 mb during MONEX [J]. J. Atmos. Sci., 39 (9): 2088 -
2095.

Lau K M, Chan P H. 1986. Aspects of the 40 - 50 day oscillation
during the northern summer as inferred from outgoing longwave
radiation [ J]. Mon. Wea. Rev., 144 (7). 1354 - 1367.

RS 1995, PO RAZEWNIRG ML ARG L] #al <
LA, 11 (3): 276 - 288, Li Chongyin. 1995. Some funda-
mental problems of intraseasonal oscillation in the tropical atmos-
phere [J]. Journal of Tropical Meteorology (in Chinese), 11
(3): 276 — 288.



34 FHARAE . RAF T ARG 0 P AL P 5 XU AR B S IR BE 5

No. 3

TIAN Hua et al. Modulation of Typhoon Tracks over the Western North Pacific by the Intraseasonal . .. 579

RS, BUEIE. 1998, il RAZE MR L El Nino 1L
[J]. $HR L4, 14 (2): 97-105.  Li Chongyin, Liao Qing-
hai. 1998. Exciting mechanism of tropical intraseasonal oscilla-
tion for El Nifio event [ J]. Journal of Tropical Meteorology (in
Chinese), 14 (2): 97 - 105.

FLSV, ShE. 1998, BVHF RS ARE I — 28 [T, <
15 EMF5E, 3 (1) 27-37.  Li Chongyin, Li Guilong. 1998.
A further analysis on intraseasonal oscillation in the tropical at-
mosphere [ J]. Climate and Environmental Research (in Chi-
nese), 3 (1). 27-37.

ZEE, JEAREL 2001, P RREN ARG IS S 1997 4R E
Nino # fF 1y % A4 [J]. KA R4, 25 (5): 589 - 595, Li
Chongyin, Long Zhenxia. 2001. Intraseasonal oscillation anoma-
lies in the tropical atmosphere and the 1997 EI Nifio occurrence
[J]. Chinese Journal of Atmospheric Sciences (in Chinese), 25
(5): 589-595

e, SR 1998 RRFETNIRGMIE SIS El Nino [J]. #4
WRRHM. 14 (1): 54-62.  Li Guilong, Li Chongyin. 1998.
Activity of atmospheric intraseasonal oscillation and El Nifio [ J].
Journal of Tropical Meteorology (in Chinese), 14 (1): 54 - 62.

Liebmann B, Hendon H H, Glick ] D. 1994. The relationship be-
tween tropical cyclones of the western Pacific and Indian Oceans
and the Madden-Julian oscillation [ J]. J. Meteor. Soc. Japan, 72
(3): 401 -412.

XA, SRz . FMBUE. 2007, 2005 4F 5 25 b [ 5 il & XU BR R 4
fiF [J]. KSR, 31 (5): 909-918.  Liu Ge, Zhang Qingyun.
Sun Shuging. 2007. The circulation characteristics of frequent ac-
tivities of typhoons over eastern China during the summer of 2005
[J]. Chinese Journal of Atmospheric Sciences (in Chinese), 31
(5): 909 -918.

Madden R A, Julian P R. 1971. Detection of a 40 — 50 day oscilla-
tion in the zonal wind in the tropical Pacific [J]. J. Atmos. Sci..
28. 702 -708.

Maloney E D, Hartmann D L. 2000a. Modulation of eastern North
Pacific hurricanes by the Madden-Julian oscillation [J]. J. Cli-
mate, 13 (9): 1451.

Maloney E D, Hartmann D L. 2000b. Modulation of hurricane ac-
tivity in the gulf of Mexico by the Madden-Julian oscillation [J].
Science, 287 2002 - 2004.

BHIAL, 22524 2000, 1998 LETg il - XM & 5 RAFET IR
GG ()] S 3FIFE T, 5 (4). 375 - 387, Mu
Mingquan, Li Chongyin. 2000. On the outbreak of South China
Sea summer monsoon in 1998 and activity of atmospheric in-
traseasonal oscillation [ J]. Climatic and Environmental Research
(in Chinese), 5 (4): 374 - 387.

Nakazawa T. 1986. Intraseasonal variations of OLR in the tropics dur-
ing the FGGE year [J]. J. Meteor. Soc. Japan, 64 (1), 17 - 34.

Oouchik, Yoshumara J, Yoshimara H, et al. 2006. Tropical cy-

clone climatology in a global-warming climate as simulated in a 20
km-mesh global atmospheric model: Frequency and wind intensity
analyses [J]. J. Meteor. Soc. Japan, 84; 259 - 276.

Sobel A H, Maloney E D. 2000. Effect of ENSO and the MJO on
western North Pacific tropical cyclones [J]. Geophys. Res. Lett., 27
(12): 1739 -1742.

Webster P J, Holland G J, Curry J A, et al. 2005. Changes in trop-
ical cyclone number, duration, and intensity in a warming envi-
ronment [J]. Science, 309; 1844 — 1846.

Weickmann K M. 1983. Intraseasonal circulation and outgoing long-
wave radiation modes during Northern Hemisphere winter []].
Mon. Wea. Rev., 111; 1838 - 1858.

Wu MC, Yeung K H, Chang W L. 2006. Trends in western North Pa-
cific tropical cyclone intensity [J]. Eos, Trans. AGU, 87 537 -
538.

Yang Hui, Li Chongyin. 2003. The relation between atmospheric
intraseasonal oscillation and summer severe flood and drought in
the Changjiang — Huaihe River basin [J]. Adv. Atmos. Sci., 20
(4): 540 - 553.

Pk 22534 2005, Bl TR AR 5 0 1% 48 SO 14 7 F 5
[J]. RSN, 10 (2): 145 - 156, Yang Hui, Li
Chongyin. 2005. A study of propagation of tropical intraseasonal
oscillation and its influence mechanism [J]. Climatic and Envi-
ronmental Research (in Chinese), 10 (2): 145 - 156.

Yasunari T. 1979. Cloudiness fluctuations associated with the
Northern Hemisphere summer monsoon [ J . J. Meteor. Soc. Ja-
pan, 58.: 225-229.

MRYE, HE. 1998, PHALICT-VE IR EGE SRR S M AEARER R AL [T,
K&, 24 (7): 29-34. Ye Ying, Dong Bo. 1998. Interdecadal
change of the severe tropical cyclone activities over the northwest
Pacific [ J]. Meteorological Monthly (in Chinese), 24 (7). 29 —
34.

SKRIRZ, 4. 2003, B ZRIRMLIN I AR bR FAE A B 28 A %8 i v
e [J] KRR, 27 (1): 97 - 106, Zhang
Qingyun, Peng Jingbei. 2003. The interannual and interdecadal
variations of East Asian summer circulation and its impact on the
landing typhoon frequency over China during summer [ J]. Chi-
nese Journal of Atmospheric Sciences (in Chinese), 27 (1): 97 -
106.

BUASC, Nakazawa T ZEHEF. 2004, A% 1 155 04 E i 7 —
PR 3t DX PR IR /B AR s e D). R 224k, 62
(1): 42-50. Zhu Congwen, Nakazawa T, Li Jianping. 2004,
Modulation of tropical depression/cyclone over the Indian — west-
ern Pacific oceans by Madden - Julian oscillation [J]. Acta Mete-
or. Sinica (in Chinese), 62 (1): 42 -50.

Zhu Q G. He ] H, Wang P X. 1986. A study of circulation differ-
ences between East-Asian and Indian summer monsoons with

their interaction [J]. Adv. Atmos. Sci., 3 (4); 466 —477.



