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A SIA N W IN T E R

M O N SO O N A N D IN D IA N / PA C IFIC SST W IT H

T H E IN T E R D E C A D A L V A R IA T IO N
‘

X u J ia n ju n (徐建军 )
,

L a b
.

o f A tm o s ph e r ie Sc ie n e e s a n d G e o p h ys ic a lF lu id D y n a m ie s (LA S G )
,

In st it u te o f A tm o s p h e r ie Ph ys ie s
,

Ch in e s e A ea d e m y o f S eie n e e s B e ijin g 1 0 0 0 8 0

Z h u Qia n g e n (朱乾根 ) a n d S u n Z ha ob o (孙照渤 )

N a n ji
n g In s tit u te o f M

e te o r o lo g y
,

N a n jin g 2 1 0 0 4 4

R e ee iv e d M
a y 2 2

,

1 9 9 7 : r e v ise d N o v e m be r 18
,

1 9 9 7

A BS T R A C T

In v e s t ig a te d s ta tis tiea lly 15 th e in te r r ela tio n be tw e e n E a s t A s ia n w in te r m o n so o n (E A W M )

a n d S S T o v e r s e n sit iv e a r ea s o f th e In d ia n a n d Pa e ifie o e e a n s
,

w ith fo e u s o n th e r e la tio n o f E A W M

t o s t r o n g E N SO s ig n a l a r e a
,

1
.

e
.

t he e q u a to r ia l e a s te r n P a e ifie (E E P ) S S T
.

E v id e n e e s u g g e s ts

th a t t he E A W M
v a r ia tio n 15 in tim a te ly a s so eia te d n o t o n ly w it h t he E E P S S T b u t w ith t he

e q u a t o r ia l w e s te r n P a e ifie
“

w a rm p o o l
’

a n d e q u a t o ria l In dia n
/
n o r t hw e s te r n P a eifie K u r o s h io S S T

a s w e ll: th e E A W M
a n d E N SO in te r a e t s tr o n g ly w ith e ae h o th e r o n th e in te r a n n u a l tim e s ea le s

e x hibitin g p r o n o u n e e d in te r d e ea d a l v a r ia tio n m a in ly u n d e r th e
j
o in t e ffe e t o f th e m o n so o n

Q B O a n d

th e m o n s o o n
/ S S T b a e k g r o u n d fi e ld fe a tu re s o n a n in te rd e ea d a l ba s is 一 w h e n bo th fie ld s a r e in t he

sa m e p h a se (a n ti
一
p ha se )

.

st r o n g E A WM
e o n tr ib u te s t o E E P S S T r is e (d r o p ) in th e fo llo w in g

w in te r
,

e o r re s p o n din g t o a w a r爪 (e o ld ) E N SO e
界le ; the E AW M Q BO ea u s e s E N SO e ye le t o be

st r o n g p ha s e 一

lo e k e d w it h s e a s o n a l v a ria t io n
,

m a k in g t he E E P S S T r ise la s t in g fr o m A p ril一M
a y to

M
a y一 Ju n e o f th e n e x t ye a r

,

w hie h p la ys a n im p o r t a n t r o le in m a in t a in in g a w a rm E N S O p h a se
.

K e y w o r d s : E a s t一A s ia n w in te r m o n s o o n
,

E N SO e ye le
,

in te r d e e a d a l v a r ia tio n
,

Q BO (q u a si
-

b ie n n ia l o s e illa tio n ) eq u a t o ria l e a s te r n Pa e ifie (E E P)

1
.

IN T R O D U C T IO N

A s im p o r t a n t e lim a t e sy s t em s o n a lo c a l b a s is
,

A s ia n m o n s o o n a n d E N S O a ffe e t

g r e a tly g lo ba l elim a t e
,

w h ieh 15 a s u bie e t o f in te r e s t in a tm o s p he r ie r e s e a r e h in th e w o r ld
.

N u m e r o u s s t u d ie s sh o w th a t A s ia n m o n s o o n b e a r s a e lo s e r e la t io n t o EN SO (W
e bs te r a n d

Y a n g 1 9 9 2 二 Y a s u n a r i 1 9 9 0 ; H u a n g a n d W
u 1 9 8 7 ;

W
u a n d L a u 1 9 9 2 ; S u n e t a l

.

1 9 8 8 ; N i

e t a l
.

1 9 9 5二 Q ia n 1 9 9 3 ;
W

a n g a n d Z ha o 1 9 7 9 ; C he n e t a l
.

1 9 9 1 )
.

D u e to the ir r e s p e e tiv e

e o m p le x ity
,

th e fo llo w in g p r o ble m s r e m a in t o b e d e a lt w ith
.

(1 ) O v e r d u e em p h a sis o n lo e a l e ha r a e t e r is tie s
.

A s ia n m o n s o o n e o n s is t s o f Ea
s t A sia n

a n d In d ia n s u bsy s t e m s
,

r e la tiv e ly in d e p e n d e n t bu t in te r r e la te d
.

Fo r eig n e o lle a g u e s pla e ed

Su PPo rt e d by th e N a t io n a l N a tu r a lSc ie n ee F o u n d a tio n o f C h in a u n d e r

Gr
an t A T M

一

4 970 50 62
.
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.

1 2

fo e u s o n In dia n m o n s o o n a s s o e ia te d w ith EN SO w h ils t w e C h in e s e m e t e o r o lo g is t s ha d

fo e u s o n th e E a s t A s ia n m o n s o o n 一
E N S O r e la t io n

.

T hu s
,

s o m e d iv e r g e n e e a p p e a r s in th eir

fin d in g s
.

O n the o th e r ha n d
,

a n E N SO e v e n t 15 n o t a n is o la te d p he n o m e n o n
,

r e s p o n sib le

n o t o n ly fo r E E P S S T a n o m a ly b u t fo r s ig n ifie a n t S S T v a r ia t io n in o th e r a r e a s o f th e

In d ia n /Pa e ifie
.

Fo r th is re a s o n
,

fo e u s o n ly o n E E P SS T a n o m a ly s e e m s in s u ffie ie n t
.

(2 ) D is a g r e em e n t o f e r it e r ia o f in t e r a n n u a l v a r ia tio n in m o n s o o n a e t iv ity
.

T h e

d iffe r e n e e in u s in g d iffe r e n t e r it e r ia fo r m o n s o o n in t e n s ity h a s p r o d u e e d g r e a t d iffie u lty in

the s t u d y o f m o n s o o n 一

E N SO r ela t io n o n a n in te r a n n u a l b a sis
,

thu s le a d in g to d is e r e p a n e y

be tw e e n s o m e r e s u lt s
.

(3 ) In t e r a e tio n b e tw e e n E A W M a n d E N SO e ye le a t d iffe r e n t s e a le s o f tim e
.

A s the

m o n s o o n a n d S ST v a r y o n m u lt i
一tim e s e a le s a t d iffe r e n t r a t e s

,

w ill th e ir r e la tio n sh ip

eh a n g e w ith t im e ? T h is 15 a p r o blem tha t n e e d s fu r the r s t u d y
.

S t a r t in g w ith EA W M in t e r a n n u a l v a r ia t io n s a n d d is a s s o e ia t io n o f the in t e r a n n u a l fr o m

in t e r d e e a d a l s e a le s
,

w e m a k e a p p r o a eh t o th e s e Pr o b le m s to in v e s tig a te th e in t e r r ela tio n

b e tw e e n E A W M a n d S S T v a r ia tio n o f the In d ia n /P a e ifie a s a w ho le
,

w he r e u Po n the

r ela t io n o f EA W M t o E N S O e ye le a n d in t e rPla y be tw e e n in te r a n n u a l a n o m a ly a n d

in t e r d e e a d a l v a r ia tio n a r e e x a m in e d in o r d e r t o g a in e v e n fu lle r u n d e r s t a n d in g o f E A W M
-

E N S O e yele r e la t io n
·

11
.

D A T A A N D C A L CU L A T IO N S C H EM E

1
.

刀口ta

D a t a u s e d a r e a ll m o n thly m e a n s
,

e o n s is t in g o f a ) 1 8 7 3 一 1 9 9 3 n o r th e r n s e a le v e l

p re s s u r e s
,

e o m p ile d b y U
.

K
.

M e t e o r o lo g ie a l O ffie e ; b ) 1 8 5 4 一 1 9 9 0 g lo b a l S ST

(D e e e m be r 一F eb r u a r y) : e ) 1 9 5 1一 1 9 9 0 elo u d in e s s : a n d d ) 1 9 7 1一 1 9 90 w in d s t r e s s
.

2
.

Cd lc u la tto n S c h e 名限e

(1) E A W M in te n sity in d e x

Fo llo w in g G u o (1 9 8 3 ) a n d S h i e t a l
.

(1 9 9 6 )
,

m o n thly a n d s e a s o n a l E A W M v ig o r

in d e x 15 d e fin e d a s th e s u m o f 7 n o r m a liz e d z o n a l s e a le v e l p r e s s u r e (SL P ) d iffe r e n e e s (1 1 0

m in u s 1 6 0
0

E ) o v e r 2 0 一 5 0
O

N a t a 5
0

in t e r v al (t o t a lin g in 7 Ia t itu d e e ir ele s ) a n d the s u m 15

a g a in n o r m a liz e d
,

v iz
. ,

MI
,

一 习 (s L尸鑫
,

一 S L尸公
‘

)

几仃广

一 1

材了
‘

一 几打
JM I

i = l
,

2
,

⋯
,

7 (la tit u d e e ir e le ) ; z = l
,

2
,

⋯
,

1 2 1 (ye a r )

w h e r e Ml a n d 鲡
a r e th e a v e r a g e a n d m e a n s q u a r e d e v ia tio n

,

r e s p e e t iv e ly
,

a n d S L P 鑫
‘ a n d

S L P余
: r eP r e s e n t n o r m a liz e d (d e n o t ed by a s t e r is k ) S L P in th e i

一
th la t itu d e a n d t一th ye a r a t

1 1 0 (1 6 0
0

E )
.

F o r s u m m e r m o n s o o n
,

p r e s s u r e 15 lo w (h ig h ) o v e r the la n d (s e a ) 5 0 tha t the

g r e a te r th e in d e x
,

the w e ak e r th e m o n s o o n a n d v ie e v e r s a fo r E AW M
.
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(2 ) S m o o rh in g e o

rre
la tio n e o ef八e ie n r s

T he e o e ffie ie n t 15 g iv e n a s

[ x (t ) 一 牙(t
。
)〕[y (t ) 一 夕(t

。
)」

N,J十一、/�

场 ( t 。) =
t。一 N

令
*

/
‘

彭
一

V ‘一 ,0 一柑

t o + N

〔x ( t ) 一 牙(才
。
)〕

2

艺 [ , ( , ) 一 夕( : ) ]
2

卜、一 N

t o + N

in w h i e h 牙(才。, 一 ( 1 / l) 习
x ( ‘, w it h z 一 ZN + 1 s t a n d s fo r s m o o t hi n g w in d o w le n g t h

.

t一 t0 一 N

C a le u la t io n o f e o r r e la t iv e ly o f E A W M in d e x w it h I n d ia n / Pa e ifi e S S T in v o lv e s t h e

fo llo w in g e o n s id e r a t io n s : a ) d a t a u s e fu ln e s s
.

18 7 3 一 1 9 9 0 d a ta a r e u s e d fo r p o in t
一
to p o in t

e o r r e la t io n a n d 1 9 4 4 一 1 9 9 0 fo r p o in t 一 to
一 s u r fa e e ( e o n s is t in g o f p o in t s t h e r e o f w it h d a ta

a v a ila b le ) a n d b ) m u lti
一s e a le fe a t u r e s o f th e t w o in t e r a e t in g s ys t e m

.

T h e t im e s e r i e s o f

filte r e d 1 1
一

p o in t s m o o t h in g m e a n s 15 t a k e n a s a n in t e r d e e a d a l b a e kg r o u n d fi e ld (王)
,

a n d

t h a t w it h x r e m o v e d a s a n in t e r a n n u a l e o u n t e r p a r t ( x ‘
= x 一 x )

.

111
.

S E N S I T I V E A R E A S O F T H E IN T E R A C T IO N BE T W E E N E A W M IN T E R A N N U A L A N OM A L Y

A N D IN D I A N / PA C I FIC S S T

T he s yn e h r o n o u s e o r r e la t io n e o e ffi e ie n ts o f in t e n s it y in d ie e s w it h S S T o n a n

in t e r a n n u a l b a s is in 1 9 4 4 一 1 9 9 0 a r e g iv e n in F ig
.

1
,

w h e r e o n e s e e s t h a t E A W M 15 in

a p p r e e ia bly n e g a t iv e e o r re la t io n w it h t h e S S T o f t he e q u a t o r ia l I n d ia n
,

e e n t r a l/ e a s t e r n

Pa e ifie a n d K u r o s h io w it h t h e e o e ffie ie n ts p a s s in g 0
.

0 1 s ig n ifi e a n e e a n d e v e n 0
.

0 0 1 in t h e

e e n t r a l/ e a s t e r n P a e ifie
.

In e o n t r a s t
,

a n d a r e a a r o u n d t he M id w a y Is la n d s
,

E A W M e o r r e la t io n 15 p o s itiv e w it h t h e “

w a r m Po o l
’

w i t h e o r r e la tio n p a s s in g 0
.

0 1 s ig n ifi e a n e e o v e r t he

“

w a r m P o o l
’ .

6 0
o
N

5 0

5 0

6 0
0

5

40302010010203040

6 0 9 0 1 2 0 15 0
o

E 18 0 1 5 0 1 2 0 9 0 6 0
o

w

Fig
.

1
.

P lo t o f e o e ffie ie n t s o f EA W M i n t e n s it y i n d ie e s s irn u lt a n e o u s ly e o r r e la t e d w i th I n d ia n / P a e i fie

SS T
-
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.

1 2

Fig
.

2
.

L a g g ed eo r r e la tio n o f p r e v io u s E A W M in te n s ity in diee s w ith In d ia n
/ P

a e ifie S S T in the n e x t

、V l n te r
.

S ta t is t ie a lly to fin d the in flu e n e e o f th e v ig o r v a r ia tio n o n S ST 15 t o g a in the

in fo r m a tio n o n E A W M v a r yin g b e fo r e th e S S T e x p e r ie n e e s eh a n g e
.

F o r th is r e a s o n
,

la g g e d e o r r ela t io n 15 p e r fo r m e d o f p r e v io u s E AW M a n d S S T in the fo llo w in g w in te r
,

a s

illu s t r a te d in F ig
.

2
.

It 15 s e e n th e r e fr o m th a t the e o r r ela t iv e ly eh a n g e s m o r e g r e a tly w ith

s tr o n g ly p o s it iv e e o r r e la t io n o f 0
.

0 1 sig n ifie a n e e in the e q u a t o r ia l e e n t r a l/ e a s t e r n Pa e ifie

a n d In d ia n O e e a n s a n d w e e kly n e g a tiv e e o r r e la tio n in th e w e s te r n Pa e ifie
.

Fr o m th e sy n e hr o n o u s a n d la g g e d e o r r ela t io n s w e e o m e t o th e fo llo w in g :

(1 ) T h e r e e x is t fo u r s e n sit iv e a r e a s o f im Po r ta n e e : th e e e n t r a l e a s t e r n a n d w e s t e r n

Pa e ifie
,

a n d In d ia n O e e a n s a t e q u a t o r ia l la t it u d e s
,

a n d the w a r m P o o l o f th e N W Pa e ifie 一

a ll a r e lo e a t e d a t t r o p ie s a n d s u bt r o p ie s
.

(2 ) T h e e q u a to r ia l In d ia n S S T v a r ia tio n 15 in Ph a s e w ith tha t o f t he e e n t r a l/ e a s t e r n

Pa e ifie a n d in a n t i
一

p ha s e w ith the w e s t e r n Pa e ifie e o u n te r p a r t
.

(3 ) E A W M 15 v e r y e lo s e ly r e la te d in v a r ia tio n to S S T in the E E P a s a s e n s itiv e E N SO

s ig n a l a r e a
.

F o r e x a m p le
,

s t r o n g e r E A WM 15 a s s o e ia t e d w ith a n e g a t iv e a n o m a ly o f the

E E P S S T a n d a e o ld E N SO p h a s e in th e s a m e w in te r a n d w ith a r e v e r s a l in th e fo llo w in g

W ln te r
。

(4 ) F r o m th e a n t i
一

p ha s e o f E E P S S T A r e la t e d t o th e s a m e a n d th e fo llo w in g E A W M
,

it e a n b e in fe r r e d tha t th e E A W M Q BO p r o b a bly p la ys a s ig n ifie a n t p a r t in the eh a n g e o f

E N S O Pha s e s
.

E v id e n tly
,

E A W M 15 in t im a te ly r e la te d to th e p h a s e e ha n g e w h ie h
,

h o w e v e r
,

p o s e s

th e fo llo w in g q u e s tio n s :

. 15 s u e h a r e la t io n s hip r e a lly t r u e a t a ll tim e ? If n o t
,

w h a t fa e t o r s a r e in v o lv e d ?

. D o th e r e a e t u a lly e x is t e ffe e t s o f E A W M Q BO u Po n EN S O ey ele ? T h e y a r e d e a lt w ith

in w ha t fo llo w s
.

IV
.

IN T E R D E CA D A L V A R IA T IO N O F R E L A T IO N BE T W E E N E A WM A N D E E P S S T

Fr o m th e fo r e g o in g 巨n a lys is o n e s e e s a elo s e r e la t io n s hip o f E A W M t o E E P SS T o n a n
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Fig
.

3
.

S m o o th in g

1 9 9 0 : (a )

eo r r e la tio n fe a t u r e s o f E A W M in te n s ity in d iee s r e la t e d t o E E P S S T fo r 1 8 7 3 一

S y n e h r o n o u s eo r r e la tio n ; (b )

a n n u a l b a s is
,

w h ieh

M a n y s t u d ie s sh o w

o e e a n s a n d in v ie w

e ha n g e a s t im e g o e s
.

a n a lys is 15 e o n d u e t e d

le v e l a = 0
.

0 5
.

15
,

ho w e v e r
,

in d ie a tiv e

L a g g e d e o r r e la tio n
.

o n ly o f g e n e r a l e o r r e la t iv ely

th a t the a tm o s Ph e r e
V a r le S the r m a lly m u eh fa s t e r

in 1 9 4 4 一 1 9 9 0
.

a s e o m P a r e d t o

o f th e d iffe r e n t v a r ia tio n fe a t u re s the ir e o r r ela t io n m a y e x Pe r ie n e e

A n d ho w d o e s the eh a n g e o e e u r ? F o r th is
,

sm o o th in g e o r r e la tio n

w ith the w in d o w le n g th z = 2 1 a n d }
r。 (t 。) }) 0

.

4 2 a t s ig n ifie a n e e

F ig u r e 3 p r e s e n ts the d is tr ib u t io n o f 2 1
一

ye a r s m o o th in g e o r r e la tio n e o e ffieie n t s o f 1 8 7 3

一 1 9 9 0 E A w M w ith E E P S sT
.

Fr o m Fig
.

3 a w e s e e th a t th e e o r r e la t io n o n a n a n n u a l

ba sis 15 m a r k e d b y s a lie n t in t e r d e e a d a l v a r ia tio n
,

b e in g n e g a t iv e Pr io r t o the 1 9 3 0 5
,

q u it e

s m a ll
,

tho u g h m o r e o r le s s p o s it iv e
,

fo r th e 1 9 3 0 5 to 1 94 0 5 a n d
,

fr o m 1 9 5 0 5 to 1 9 9 0 the r e

e x is ts a n e g a t iv e e o r r e la t io n w ith m a x im a l e o r r ela t iv it y
.

Fr o m F ig
.

3 b w e a ls o s e e th a t

in d ie a t o r o f the E EP S S T A 15 eh a r a e t e r iz e d b y in te r d e e a d a l v a r ia t io n
,

tha t 15
,

th e

e o r r e la tiv e ly 15 n e g a t iv e fr o m th e 1 8 7 0 5 t o the e a r ly Zo th e e n tu r y
,

p o s it iv e the n e e w a r d to

th e la te 1 9 2 0 5
,

n e g a t iv e fr o m th e 1 9 3 0 5 t o th e e a r ly 1 9 4 0 5
,

a n d p o s it iv e the n e e fo r th t o

1 9 9 0
.

C le a r ly
,

the sim u lt a n e o u s a n d l
一y e a r la g g e d e o r r e la t iv it ie s s ho w p r o n o u n e e d ly

in te r d e e a d a l v a r ia t io n
,

s u g g e s t in g the e o r r e la tio n s in a n t i
一

p ha s e
,

im p lyin g v ig o r o u s

(fe eb le ) E A W M a s s o e ia t ed w ith a e o ld (w a r m ) EN S O p h a s e in th e s a m e y e a r a n d r e v e r s a l

in n e x t w in t e r fo r th e r e e o r d le n g th e x e e p t fo r the 1 8 90 5 a n d 1 9 4 5 一 1 9 4 9
.

B u t this d o e s

n o t m e a n tha t th e e o r re s p o n d e n e e 15 a lw a ys t r u e
,

1
.

e
. ,

fr e q u e n t a n d in t e n s e E AW M d o e s

n o t a lw a ys im p ly a e o ld E N S O ph a s e in the s a m e w in te r a n d a w a r m o n e in the n e x t y e a r
.

Fo r in s t a n e e
,

the e o r r e s p o n d e n e e e x is t s s u b s e q u e n t t o the 1 9 5 0 5 b u t d o e s n o t in th e 1 9 3 05
.

S t a t is t ie a lly
,

the r e fo r e
,

w he th e r p r e v io u s s t r o n g E A W M e o n t r ib u te s t o E IN in o h a p p e n in g

d ePe n d s n o t m e r e ly o n th e d iffe r e n e e in in t e r a n n u a l e o n d it io n s b u t o n in te r d e e a d a l

b ae kg r o u n d in p a r tie u la r
·
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1 2

V
.

PO S S IBL E C A U S E S O F IN T E R D E CA D A L V A R IA T IO N IN R E L A T IO N S H IP BE T W E E N E A WM

A N D E E P S S T

1 1
一

ye a r sm o o th in g a v e r a g in g m ad e o f t im e s e r ie s o f E A W M in t e n s ity in d ie e s a n d E E P

S S T fo r the s t u d y p e r io d yie ld s v a r ia tio n o n a b a s is lo n g e r th a n 1 0 y e a r s
,

r e v e a lin g in fa e t

th e eh a r a e t e r is tie s o f th e ir in t e r d e e a d a l b a ek g r o u n d s
,

a s sh o w n in Fig
.

4
.

It 15 s e e n the r e fro m tha t (1 ) E A W M 15 in a n in a e t iv e p e r io d fr o m th e be g in n in g o f th is

e e n t u r y t o th e 1 9 2 05
,

w ith a lo w e r SS T b a e k g r o u n d in th e t a r g e t a r e a
,

e a lle d a e o ld

in te r v a l d u r in g w hie h th e m o n s o o n 15 in p o sit iv e e o r r ela tio n w ith the p o s t e r io r S S T o n a n

in te r a n n u al b a sis (s e e F ig
.

3b )
,

s u g g e s tin g tha t the p r e v io u s s t r o n g E A W M 15 a s s o e ia te d

w ith th e S S T r is e in th e s u b s e q u e n t w in t e r ; (2 ) fr o m th e 1 9 2 0 5 t o 1 9 4 0 5
,

E A W M 15 in

a n o th e r in a e t iv e s p a n (slig htly s tr o n g e r th a n th e a n te r io r e o u n t e r p a r t ) in w h ie h the S S T

ba e k g r o u n d 15 ho w e v e r in a w a r m p e r io d d u r in g w h ieh t im e p r e v io u s in t e n s e E A W M
e o r r e s p o n d s t o th e S ST d r o p in the fo llo w in g w in te r ; (3 ) fr o m th e 1 9 5 0 5 t o 1 9 8 0 5 EA W M

15 in a n a e t iv e P e r io d a n d th e b a e k g r o u n d E E P S S T in a n o the r w a r m in t e r v al
,

m e a n in g tha t

E A W M 15 p o s it iv ely e o r r ela t e d w ith the S S T r is e in the n e x t w in t e r
.

A bo v e a n a lys is in d ie a te s tha t a s E A W M 15 in t e r d e e a d a lly in th e s a m e r e g im e a s the

ba e kg r o u n d E E P SS T
,

im p lyin g in a e t iv e (a e t iv e ) E A W M a e e o m p a n ie d b y lo w e r (h ig h e r )

S S T
,

p r e v io u s s t r o n g E A WM fa v o r s th e E E P SS T r is e in th e n e x t w in t e r
,

a n d a s the y a r e

in a n o p p o s ite r e g im e re v e r s a l w ill h a p p e n
.

1 8 8 0 ] 8 9 0 1 9 0 0 1 9 1 0 1 9 2 0 1 9 3 0 1 9 4 0 1 9 5 0 1 9 6 0 1 9 7 0 19 8 0

F ig
.

4
.

T e m p o r a l v a ria tio n o f 1 1
一
ye a r s m o o t h in g a v e r a g in g o f E A WM in te n s ity in diee s (a ) a n d E E P

S S T (b )
.



萝

N o
.

3 R E LA T IO N OF E AW M 水 S S T 2 8 1

T h is fu lly illu s tr a t e s th a t th e v a r ia t io n in p h a s e o f th e ir in t e r d e e a d a l b a ek g r o u n d s a e t s

a s a s t r o n g e o n t r o llin g m e a n s o f th e ir r e la t io n o n a n in t e r a n n u a l ba sis
.

T h u s
,

w e a r e le d t o

be liev e th a t o n e o f th e im p o r ta n t e a u s e s o f g o v e r n in g the v a r ia t io n in th e r e la tio n b e tw e e n

EA W M a n d E N SO e yele 15 n o n e o the r th a n the p ha s e m a te h in g o f the ir in te r d e e a d a l

b a ek g r o u n d fie ld s
.

V l
.

IN F L U E N C E O F EA WM QB O U PO N E N SO CY C LE

T o illu s t r a t e the in flu e n e e the fo llo w in g p r o b le m s a r e to b e d e a lt w ith
:

(1 ) 15 the

E A W M Q B O r e a lly e x is te n t ? (2 ) 15 th e Q B O r ela t ed to a n E I N in o e v e n t ? (3 ) H o w a r e

th ey a s s o eia t ed w ith e a e h o the r ?

T h e E A W M in te n sity in d ie e s ha v e be e n tr e a t e d in t e r m s o f s in g u la r s p e e t r al a n a lysis

(X u a n d Z h u 1 9 9 8 ) a n d it 15 fo u n d th a t the Q BO e o m p o n e n t a e e o u n ts fo r 1 0
.

6% o f to t a l

v a r ia n e e
,

in d ie a t in g it s in n e g lig ib le im p o r t a n e e
.

A d d itio n ally
,

w a v ele t a n a ly sis yield s th e

r e s u lt tha t the w a v e le t e o effie ie n t o f the in d ie e s e x h ibit s q u it e in te n s e a m p lit u d e s a t 2 0 一 3 0

m o n th p e r io d s (X u a n d Z hu 1 9 9 8 )
,

the r e by d em o n s tr a t in g tha t th e Q BO 15 a e t u a lly

P r e s e n t
.

N o d o u bt the E A W M Q BO 15 r e m a r ka ble
,

a n d w h a t 15 it s r ela t io n t o E N SO e v e n t s ?

T o a n s w e r 土he q u e s t io n ,

tw o fa e t s a r e o ffe r e d
.

(l ) A s g iv e n in the fo r e g o in g a n a lys is
,

th e d is t r ib u t io n s o f s m o o th in g e o r r e la t io n

e o e ffieie n ts o f the in te n s ity in d ie e s a n d E E P S S T a r e a lm o s t in a n ti
一

p ha s e be tw e e n the ir

s yn eh r o n o u s a n d la g g e d a n a ly s e s
,

w h ieh r e v e a ls th a t EA W M 15 r e sp o n s ible fo r the a n t i
-

p ha s e o f the S S T v a r ia tio n in tw o s u e e e e d in g ye a r s
,

th e r e b y d is p la yin g tha t it s Q BO

p o ss ibly p la ys a n im p o r t a n t r o le in the E E P S ST r is e o r d r o p
.

(2 ) T h e E A W M in t e n sitie s a s s o e ia t ed w ith E I N in o e v e n t s a fte r the 1 9 5 0 5 ba s e d o n

F ig
.

5 a r e lis te d in T a ble 1
.

T a 从e 1
.

E A WM In te n s itie s a n d E IN in o E v e n t s

Y e a r o f EA W M in te n s ity
母

Y e a r o f E l
一
N in o

1 9 5 2 5
1 9 5 3 w 1 9 5 3

1 9 5 6 5 19 5 7 w 1 9 5 7

1 9 62 5 1 9 6 3 w 1 9 6 3

1 9 6 4 5 1 9 6 5 w 1 9 6 5

1 96 8 w 1 9 6 9 e
.

w 二 1 9 6 9

19 7 1 w 1 9 7 2 e
.

w
,

1 9 7 2

1 9 7 5 W 1 9 7 6 5 1 9 7 6

1 98 1 5 1 9 82 w 1 9 82

1 9 8 5 5 1 9 8 6 w 1 9 8 6

1 9 9 0 w 1 9 9 1 e
.

w
-

1 9 9 1

长 s (w ) s ta n ds fo r s tro n g (w
e a k )

,

a n d e
.

w
.

s t a n d s fo r e v e n w e a k e r
.

It 15 s e e n th e r e fr o m tha t
,

o f a ll the E I N in o e v e n ts
,

n in e o e e u r r e d w h e n r e la tiv e ly
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1 2

一 1

一 2 1~ J .

1 9 5 0 1 9 5 5 1 9 6 0 1 9 6 5 19 7 0 1 9 7 5 1 9 8 0 1 9 8 5 1 9 9 0 1 9 9 5

Fig
.

5
.

H is t o ry o f E A W M in t e n s ity in d ie e s (o r d in a t e ) in 1 9 5 1 一 1 9 9 4 (a b s e iss a )
.

w e a ke r E A W M w a s p r e e e d e d b y a r ela t iv ely s t r o n g e o u n te r p a r t in th e p r e v io u s w in t e r

e x e e p t the 1 9 7 6 fa in t e a s e
.

T his d em o n s tr a te s th a t a n E I N in o e v e n t o e e u r s g e n e r a lly in

a s s o e ia t io n w ith the Q BO fo r th e e ha n g e in E A W M v ig o r a n d a ls o tha t the Q BO b e a r s a

elo s e r e la t io n to E N SO e v e n t s
.

A d m itt e d ly
,

n o t a ll Q BO p r o e e s s e s g iv e r is e t o E N SO
,

w hieh 15 lik e ly t o in v o lv e o the r fa e t o r s
.

T h e a bo v e fa e t s d e m o n s tr a t e tha t th e E AW M Q BO h a s a n in tim a t e r e la t io n t o E N SO

eye le
.

N o w a p r o ble m a r is e s a s t o th e w a y the y a r e a s s o e ia t e d
.

T o a d d r e s s the p r o b le m the EA W M in te n sity in d ie e s w e r e ba n d p a s s filt e r e d a t fir s t
,

a tt a in in g th e Q B O e o m p o n e n t
,

fo llo w e d by fin d in g o u t e o effie ie n ts o f e o m p o n e n t

e o r r ela t e d w ith a n u m b e r o f a ir
一 s e a p a r a m e te r s in th e m o n th s o f th e s a m e a n d n e x t ye a r

.

A t fir s t w e d e a l w ith the e o r r ela t io n w ith o n e o f s u e h p a r a m e te r s 万 s e a le v el p r e s s u r e

(S LP )
.

O n e e a n s e e fr o m Fig
.

6 tha t th e sim u lt a n e o u s e o r r e la tio n 15 p o s it iv e (n e g a t iv e )

b e tw e e n s t r o n g E A W M Q BO in Ja n u a r y a n d th e S LP o v e r the E E P (e q u a t o r ia l w e s t e r n

ll

ll

:
匕乙应孤廷之困

3 0 6 0 q n

/ 亡一
, .

二:卜 F司从竺空, 巨二

1 2 0 1 5 0
o

E 1 8 0 1 5 0 12 0 } 9 0 6 0o w

F ig
.

6 T h e
Q BO eo m P o n e n t o f Ja n u a ry E A W M in d ie e s eo r r e la te d t o S LP (s

o
N 一 5

0

5
,

3 0
o
E 一 6 0

O

W )

fo r t he m o n t hs in the s a m e a n d n e x t ye a r d u rin g 1 9 5 1 一 1 9 9 0
,

w ith m o n th s r e la t e d t o S L P

g iv e n o n th e o rd in a te a n d lo n g itu d e o n t he a b s e is sa
.
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Pa e ifie / In d ia n O e e a n s )
,

m e a n in g S L P r is e (d r o p )
,

w ell e o r r e s p o n d in g t o a hig h p h a s e o f

So u the r n O s e illa t io n (5 0 )
.

Fr o m e o r r ela t iv e ly w e e a n in fe r tha t a s t im e g o e s the Q B O
-

r ela t ed SLP fie ld w ill e x p e r ie n e e e ha n g e
.

S L P b e g in s t o r is e in the e q u a t o r ia l In d ia n /

w e s t e r n Pa e ifie d u r in g Fe b r u a r y 一M a r e h : in the n e x t tw o m o n ths th e E E P S L P e ha n g e s

it s a n o m a ly s ig n
,

in d ie a tin g th e in e ip ie n e e o f r e d u e t io n
,

e o r r e s p o n d in g to the s t a r t o f a lo w

5 0 p h a s e la s tin g th e n e e fo r th ; the e q u a t o r ia l In d ia n / w e s t e r n P a e ifie S L P p e a k s in

Se p te m be r w ith th e a n o m a ly s ig n e h a n g e d in Fe b r u a r y一M a r e h th e n e x t ye a r
,

le a d in g t o

the e o n v e r s io n o f a n t iey elo n ie t o e y elo n ie e ir e u la t io n : th e E E P S LP r e a eh e s it s m in im u m

a b o u t D e e e m b e r
,

a n d be g in s to r is e in the fo llo w in g A p r il一M ay
, e o r r e s p o n d in g t o a hig h

5 0 p h a s e
.

It 15 e v id e n t the r e fr o m th a t E A W M Q B O
一r e la t e d S L P e x p e r ie n e e s e ha n g e fir s t in the

e q u a to r ia l w e s te r n P a e ifie a n d th e n (a bo u t tw o o r thr e e m o n ths la te r ) in th e E E P
.

A t th e

s a m e time E A W M b lo w s in v io le n e e in the s p r in g 一 s u m m e r t r a n s it io n th a t 15 m a in t a in e d

t ill the fo llo w in g s p r in g be fo r e e ha n g in g in to a hig h p h a s e
.

O b v io u sly
,

th e lo w 5 0 p h a s e

p e r s is t in g fo r n e a r ly o n e ye a r 15 in a s s o e ia tio n w ith the d u r a t io n o f a n E N SO e v e n t
.

F ig u r e 7 d e lin e a te s the 1 9 5 1 一 1 9 9 0 e o r r e la tio n b e tw e e n Ja n u a r y E A W M Q BO a n d

e q u a to r ia l In d ia n / P a e ifie S S T
.

F r o m the e o r r ela t iv e ly w e fin d th a t the e v o lu tio n o f SS T

a s s o e ia t e d w ith t he Q BO in a s tr o n g E A W M p ha s e 15 e h a r a e t e r ize d a s fo llo w s
.

(1 ) T h e s t r o n g Q B O p h a s e 15 a e e o m p a n ied b y a p o s itiv e a n o m aly in th e w e s te r n

Pa e ifie
“

w a r m p o o l
” a n d a n e g a t iv e e o u n te r p a r t in th e E E P re la t e d t o a e o ld E N SO p ha s e

.

S u b s e q u e n t ly
,

a s th e w a r m w a t e r r u n s e a s tw a r d fr o m the p o o l
,

e ha n g in g e o m p le te ly in t o

e o ld w a t e r (th u s e o ld a n o m a ly ) a r o u n d M ay ; SS T a t the E E P e a s te r n bo u n d a r y b e g in s t o

r is e fo r Fe br u a r y 一M a re h a n d in te n s ifie s p e r s is te n tly
,

t r a v e llin g w e s tw a r d w ith th e r e s u lt

tha t the w h o le E EP 15 w a r m e d in A p r il一M a y ; th e w a r m a n o m a ly g o in g e a s t o u t o f th e

p o o l a n d th a t w e s tw a r d fr o m the e a s t e r n b o u n d a r y u n it e in S e p te m b e r a r o u n d 14 0
o

w
o f th e

E E P
,

r e s u ltin g in a n in t e n s e SS T r is e s e a t fo r the fir s t tim e
,

w h ie h the n m o v e s e a s tw a r d

a n d r e a e he s the e a s te r n b o u n d a r y in D e e e m b e r 一 Fe b r u a r y
,

m a k in g fo r m a x im u m r is e in

the E E P
,

w ho s e p o s it iv e a n o m aly
,

h o w e v e r
,

g o e s o u t o f s ig h t in M ay
,

fa llin g a g a in in t o a

e o ld w a t e r Pe r io d
.

(2 ) T h e p o s it iv e E E P S S T A la s ts a y e a r o r 5 0 fr o m M a r e h 一A p r il (a fte r the Q BO in a

五云瑞
。

.

晶
2

L
一 0

.

36 3

二 , 龟 ‘ . , ‘

⋯
* 奋

Fig
.

7
.

A s in

12 0

Fig
.

6, b u t fo r S ST
.

丛泣』 匕
6 0

o

w 13 0

F ig
.

8
.

A s

t he z o n a l e o m p o n e n t o f w in d st re s s
.

侧态吐
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1 2

s t r o n g E A W M p h a s e ) t o A p r il一M a y o f th e s u bs e q u e n t ye a r
,

a r e s u lt th a t a g r e e s r o u g hly

w ith S L P v a r ia t io n
,

.

th e r eb y d e m o n s t r a t in g the sy n e hr o n is m o f th e a t m o s p h e r ie sys t em

w ith th e s e a e o u n t e rPa r t
.

(3 ) T h e E E P SS T d is p lay s m a r k e d s t a n d in g w a v e e h a r a e t e r is tie s o f q u a s i
一
bie n n ial

o s e illa t io n
.

E v id e n tly
,

th e e o m p o n e n t o f s t a n d in g w a v e a e e o u n t s fo r m o r e tha n tha t o f

p r o g r e s s iv e w a ve t r a v ellin g e a s tw a r d a n d w e s tw a r d
.

A s a r e s u lt
,

th e E E P S S T r is e in

r e la t io n to E A W M Q B O 15 a s s o e ia t e d m o r e w ith w e a k e n e d u p w e llin g o f s ta n d in g 一
w a v e

n a t u r e o n a lo e a l b a sis tha n w a r m w a t e r E
一

W tr a v e llin g
,

the fo r m e r p e r ha p s b e a r in g a

r e la t io n to e a s tw a r d d is Pla e e m e n t o f K e lv in w a v e e x e ite d by th e w e s t e r ly a n o m a ly o f the

m o n s o o n o v e r the w e s te r n Pa e ifie
.

(4 ) W ith the Q BO in a s tr o n g E A W M p h a s e
,

the e q u a to r ia l In d ia n O e e a n e x h ib it s

e o ld w a t e r th a t m o v e s e a s t
,

r e a eh in g th e E E P in a b o u t tw o ye a r s t o e o in eid e w ith a e o ld

S S T A p h a s e th e r e
.

S ST r is e b e g in s in Ju n e a t the w e s t e r n b o u n d a r y o f e q u a t o r ia l In d ia n
,

p e a k in g in Fe b r u a r y 一M a r eh th e n e x t y e a r
,

w ith th e r is e r o u g h ly tw o o r th r e e m o n ths

b eh in d th a t o f the E E P
.

Fig u r e 8 d e p ie t s th e p a tt e r n o f e o e ffie ie n t s o f Ja n u a r y E A W M Q BO in e o r r e la tio n to

z o n a l w in d s t r e s s a s a n im p o r ta n t p a r a m e te r fo r a tm o s p h e r ie e ffe e t o n S S T
.

O v e r th e

Q B O
, 5 s t r o n g E AW M ph a s e 一 a s s o e ia te d the w in d s tr e s s fie ld w e s t e rly (e a s t e r ly ) a n o m aly

e m e rg e s in th e w a r m p o o l a n d the e a s t e r n b o u n d a ry (e e n tr a l/ e a s t e r n Pa e ifie )
.

A s t im e

g o e s th e w e s t e r ly a n o m a ly in th e p o o lmo
v e s e a s t ; a ft e r M ay mo

s t o f th e E E P 15 u n d e r th e

e o n tr o l o f w e s te r ly a n o m a ly
,

w h ieh e o n t in u e s to tr a v e l e a s t a n d 15 ke p t t ill the a r o u n d M a y

o f th e s u b s e q u e n t y e a r
.

It 15 a b o u t o n e y e a r tha t th e w e s t e r ly a n o m a ly t a k e s t o e o v e r th e

jo u r n e y fr o m the P o o l to e v e r y e o r n e r o f the E E P
.

F ig u r e 9 p r e s e n t s the d is t r ibu t io n o f e o e ffie ie n t s o f the EA W M Q BO e o r r e la t e d w ith

la t e n t h e a t in g a s a n in n e g lig ible p a r am e t e r fo r S S T effe e t o n the a tm o s p he r e
.

In the

Q B O
’ 5 v ig o r o u s E A W M ph a s e 一 r ela t ed la t e n t he a tin g fie ld p o sitiv e a n o m a ly e m e r g e s in

e o n n e e tio n w ith th e p o o l S S T r is e
,

in e o n t r a s t t o n e g a t iv e a n o m a ly in th e e e n t r a l e a s t e r n

P a e ifie
,

b u t p o s itiv e a t th e e a s t e r n bo u n d a r y
.

Su bs eq u e n tly
,

the p o s itiv e a n o m a ly o f the

p o o l (the E E P e a s te r n b o u n d a r y ) m o v e s e a s t (w e s t )
,

le a d in g t o p o sit iv e la te n t h e a t in g in

th e m a in in M a y o v e r th e E E P
,

a r e s u lt th a t 15 e o in e id e n t w ith o v e r a ll S S T r is e in the

m o n th o f th e ye a r
.

Fr o m th e fo u r p a r a m e t e r s o f th e a ir
一 s e a s ys t e m w e a r r iv e a t th e fo llo w in g fa e t s

.

(1 ) T h e Q BO in a s t r o n g E A W M p h a s e e o r r e s p o n d s to a e o ld EN S O p h a s e in th e v e r y

w in t e r t o s p r in g
,

a e e o m p a n ie d by lo w e r e d S L P o v e r the p o o l
,

w e s te r ly a n o m a ly
,

w a r m

S S T a n o m a ly a n d s tr o n g e r la te n t h e a t in g a s o p p o s e d t o e o n d itio n s in m u e h o f the

eq u a t o r ia l e e n t r a l/ e a s t e r n Pa e ifie a p he n o m e n o n th a t 15 in a e e o r d w ith the h yp o the s is o f

w yt r k i (1 9 5 5 )
,

s t a t in g tha t the p illin g o f w a r m w a t e r in th e p o o l 15 n e e e s s a r y to th e

in it ia t io n o f a n E I N in o e v e n t
.

(2 ) W h ile the Q BO 15 in a s t r o n g E A W M p h a s e
,

the p o o l
’

5 w e s te r ly a n o m a ly 15

eh a r a e t e r iz e d b y e o n s is t e n t e a s tw a r d m o t io n
.

a n d th e r e la te d Po s itiv e SS T A m o v e s e a s t

a n d th e e o u n t e r p a r t r u n s w e s t fr o m the E E P e a s t e r bo u n d a ry
,

a n d the la t t e r (1
.

e
. ,

the

w e s t
一
t r a v e llin g p o s it iv e a n o m a ly ) 15 e v id e n tly n o t u n d e r the d ir e e t in flu e n e e o f a d v e e t io n

e a u s e d b y th e w e s t e r n a n o m a ly b u t r e la t e d P o s s ib ly t o th e w e s tw a r d d isPla e e m e n t d u e to
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F ig
.

9
.

A s in Fi g
.

6 b u t fo r th e
Q BO e o r r e la t e d F ig

,

1 0
.

A s i n F ig
.

6
,

bu t fo r th e E A W M in d e x

w ith la t e n t h e a t in g
. e o r r e la t e d t o e q u a t o r ia l S S T

.

t he r e fle e t io n a t t he b o u n d a r y o f K e lv in w a v e e x e ite d by t h e w e s t e r ly a n o m a ly o f th e

w e s t e r n P a e ifi e o r ig in
.

In a d d itio n
,

th e p o s itiv e E E P SS T A
,

o n e e fo r m e d
,

w ill b e

p e r s is t e n t d is p la y in g la r g e ly fe a tu r e s o f s t a n d in g w a v e
,

w h ie h m a y b e a s s o e ia t e d w ith t he

w e a k e d t r a d e w in d
.

C o n s e q u e n t ly
,

t h e e o n n e e t io n o f E A W M Q BO w it h E E P S S T r is e 15

a e e o m p lis he d v ia th r e e a p p r o a c he s
.

1 ) T he e a s t
一
t r a v e llin g w e s t e r ly a n o m a ly o f th e p o o l

g iv e s r is e t o e a s t 一a d v e e t e d w a r m w a t e r ; 2 ) T h e w e s te r ly a n o m a ly
一 e x e it e d K e lv in w a v e s

t h a t 9 0 e a s t w a r d a n d a re r e fle e t e d e a u s e t h e w e s tw a r d th i e k e n in g o f a th e r m o e lin e

r e s p o n s ib le fo r w e s t m o v in g w a r m w a te r : 3 ) E a s t
一
t r a v e llin g w e s t e r ly a n o m a ly a n d e ye lo n ie

e ir e u la t io n in itia t e t he w e a k e n in g o f t he E E P a n ti e y e lo n i e e ir e u la t io n a n d t hu s o f t he t r a d e

w in d
,

t he r e b y h in d e r in g t h e u pw e llin g o f o e e a n i e w a t e r
,

le a d in g t o S S T r is e o f s t r o n g e r

s ta n d in g
一

w a v e o r ig in
.

( 3 ) W i t h t h e Q BO in a s t r o n g E A W M p h a s e
,

e a e h o f t he a ir
一 s e a e le m e n t s e x h ib it s a n

E I N in o p r e e u r s o r fir s t in t h e p o o l
,

s p r e a d in g e a s tw a r d a n d th e p o o l e a n b e a s s u m e d to

r e p r e s e n t a k e y r e g io n e o n n e e tin g E A W M a n d E N S O v a r ia b ilit y
.

(4 ) T he Q B O 15 e lo s e ly r e la t e d to t h e s e a s o n a l E N S O p ha s e 一

lo e k in g
.

In A p r il一M a y

a ft e r s t r o n g E A W M
,

5 0 b e g in s t o fall in to a Io w p h a s e a n d E E P S ST s ta r t s t o r is e
.

r e a e hin g it s p e a k in D e e e m b e r 一Ja n u a r y a n d e n d in g in M a y 一Ju n e in n e x t y e a r
,

th e r e by

e o m p le t in g a n E I N in o e p is o d e
.

E v id e n t ly
,

a n E A W M Q BO e y e le e o r r e s p o n d s to a w a r m

E N SO p ha s e
.

C o m p a r is o n o f th e e v o lu t io n o f E A W M
一a s s o e ia t e d E N SO e ye le t o t he

e o m p o s ite a n a lys is o f e le m e n ts in E N SO e v e n t s (R a s m u s s o n a n d C a r p e n t e r 1 9 8 2 ) s ho w s

t he ir e lo s e s t s im ila r it y
,

le a d in g u s t o a s s u m e th a t t he Q BO 15 lik e ly to p la y a m a jo r r o le in

m a in t a in in g a w a r m E N S O p ha s e a n d t he re a s o n a b le p h a s e 一
lo e k in g

.

( 5 ) Lik e w is e
,

th e e q u a to r ial In d ia n a ir
一 s e a s ys te m 15 a s s o e ia t e d w it h th e E A W M Q BO

e x e e p t th a t it s SS T r is e la g s tw o o r t hr e e m o n t hs b e h in d t he E E P e o u n t e r p a r t a n d S LP

r e s p on s e t o t h e Q B O la g s b e h in d th e SS T r e s p o n s e t o th e w in d
.

A s a c o n s e q u e n e e
,

t he

E AW M Q BO p o s s ib ly e x e r ts e ffe e t s u p o n t he e q u a t o r ia l In d ia n O e e a n w hi e h
,

in tu r n
,

e
xe

r e is e s im Pa e t o n t he a t m o s Phe r e
.

Ev iden t ly
,

E A w M Q B( ) p lay s a e r u e ia l p a r t in m a in t a in in g a w a r m E N SO p h a s e a n d

it s s e a s o n a l ph a s e 一lo e k in g t he r e p e r h a p s a r is e s u e h p r o b le m s a s l ) 15 t he m a in t e n a n e e o f

E NSO e ye le d e p e n d e n t o n ly o n t h e Q BO ? a n d Z ) a r e t h e r e E A W M im p a e ts o n o t he r
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s e a le s ? T o a d d r e s s the m
,

a m a p 15 p r e s e n t e d e o n e e r n in g t he Ja n u a r y E A W M in t e n s it y

in d e x (r a w d a t a e o n s is t i五9 o f a fu ll r a n g e o f s e a le s o f it s a e tiv ity ) in e o r r e la t io n w ith

e q u a to r ia l S S T fo r m o n ths o f th e v e r y a n d s u b s e q u e n t ye a r s (s e e F ig
.

10 )
.

It 15 s e e n the r e fr o m th a t th e E E P SS T a s s o e ia te d w ith to ta l E A W M e ffe e t s s ho w s n o

p r o n o u n e e d s e a s o n a l p h a s e 一

lo e kin g n o r o n e 一

ye a r w a r m p ha s e
,

th e r e b y in d ie a t in g tha t a ll

s tr o n g E A W M s a r e n o t r e la t e d t o E I N in o e v e n t s
,

w hie h d em o n s t r a te s a e r u e ia l r o le o f th e

Q BO in s u s ta in in g a n E I N in o e p is o d e
.

B e s id e s
,

w ith th e Q B O in a s t r o n g E A W M p h a s e
,

th e a ir
一 s e a s ys t e m a n o m a ly

a s s o e ia t e d w ith E I N in o b r e e d in g e m e r g e s fir s t in th e w a r m p o o l w ith p o s it iv e S S T a n d

e ye lo n ie w e s t e r ly a b n o r m a lity m o v in g e a s t
,

a lit tle la t e r fo llo w e d by p o s it iv e E EP S S T A

m ig r a t in g w e s t
,

b o th u n it in g a n d th e t r a v e llin g e a s t
,

a p r o e e s s th a t a g r e e s w e ll w ith the

d e s e r ip t io n o f a n in te g r a t e d E I N in o e v e n t r e la te d S ST r is e in t e r m s o f K e lv in w a v e th e o r y

b y H a r r is o n a n d S e ho Pf (1 9 8 4 )
,

w ho in d ie a t ed tha t s u eh a kin d o f S S T r is e e o n s is t s o f tw o

Pha s e s o f a n o m a lo u s a d v e e t io n : a r o u n d M a y th e e a s t e r n e o a s t a l SS T r is e s a n d sP r e a d s

s lo w ly w e s tw a r d
,

fo llo w e d b y s t r o n g e r S S T r is e in the e e n t r al Pa e ifie
,

s p r e a d in g fa s t

e a s tw a r d
,

in r e s p o n s e t o s u m me
r t r a d e w in d d is a p p e a r in g

.

O n the b a sis o f K elv in w a v e

th e o r y
,

this p h e n o m e n o n e a n b e e x Pla in e d in th e fo llo w in g w a y :
(1 ) D u r in g a s t r o n g

E A W M Q BO p ha s e
,

w e s t e rly a n o m a ly o e e u r s in the w a r m p o o l
,

w h ie h e x e ite s K elv in

w a v e s th a t m ig r a t e q u ie k ly e a s tw a r d
,

r e a eh in g the e a s t e r n e o a s t in tw o o r t hr e e m o n ths 5 0

tha t SS T r is e s in M a r eh一 A p r il a lo n g th e P e r u v ia n s ho r e a n d th e r is e s p r e a d s t o w a r d the

e q u a t o r be e a u s e o f th e K e lv in w a v e r efle e t io n a n d m o v e s w e s t ; (2 ) T he w e s t e r ly a n o m a ly

s p r e a d s e a s t
,

le a d in g to the w e a k e n e d t r a d e o f the w in d o f the e e n tr al/ e a s te r n Pa e ifie w ith

the r e s u lt th a t the w a r m p o o l w a te r r e t u r n s e a s tw a r d
,

thu s e n fe e b lin g
,

in e o n n e e t io n w ith

the w e a k e n e d tr a d e w in d
,

E E P u pw ellin g r e s p o n s ible fo r S ST r is e the r e
.

T h u s w e e o m e to

a e o n e lu s io n tha t th e fa e e 一

fa e e m o v in g b r a n e he s o f w a r m w a t e r u n it e in t o o n e in A u g u s t一

S ep t em b e r
,

th e r eb y eh e e kin g th e w a te r fr o m w e s tw a rd s P re a d in g a n d
,

in s t e a d
,

m o v in g

e a s t u n d e r the a e tio n o f th e w e s te r ly a n o m aly a d v e e tio n
.

V ll
.

C O N C L U D IN G R E M A R K S

Fr o m the fo r e g o in g a n a ly s is w e e o m e t o th e fo llo w in g
.

(l) E A W M
一
In d ia n / Pa e ifie S S T in t e r a e t io n o n a n in t e r a n n u a l b a s is ha s s u e h s e n sit iv e

a r e a s a s the E E P (m o s t s e n s itiv e o f a ll)
,

e q u a t o r ia l w e s t e r n Pa e ifie
,

e q u a to r ia l In d ia n

o e e a n a n d N W Pa e ifie K u r o s hio b e lt
.

(2 ) E A W M
一

E E P S S T r ela t io n 15 m a r k e d by s a lie n t in t e r d e e a d a l v a r ia tio n a n d in t e n s e

E A W M d o e s n o t a lw a ys e o r r e s p o n d t o a w a r m E N SO p ha s e o f the s u b s e q u e n t w in t e r
,

h o w e v e r
,

g o o d e o r r e s p o n d e n e e ha s o e e u r r e d in th e p a s t 4 0 ye a r s a n d th e r e v e r s a l w a s

o b s e r v e d in the 1 9 3 0 5
.

(3 ) E A W M
一

E E P S S T r ela t io n 15 g o v e r n e d b y e o m b in e d p ha s e s o f E A W M Q BO a n d

in t e r d e e a d a l E AW M
一
S ST a n o m a ly

.

W h e n the ir in t e r d e e a d al ba ek g r o u n d fie ld s a r e in the

s a m e p h a s e
,

v ig o r o u s E A W M fa v o r s E E P S ST r is e a n d r e la te s t o a w a r m E N SO p h a s e in

the fo llo w in g w in t e r
,

a n d v ie e v e r s a
.

(4 ) E A W M Q BO 15 e lo s e ly r e la t ed to a n E I N in o e v e n t
,

th e e o n n e e t io n o f the ir

in t e r p la y b e in g in th e w e s te r n P a e ifie w a r m p o o l
.

U n d e r th e e ffe e t o f the Q BO
,

lo w S L P
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o f the p o o l m ig r a t e s e a s t w ith a n o m alo u s w e s te r ly
,

w hie h 15 r e s p o n s ible l ) fo r e a s t
-

t r a v e llin g K elv in w a v e th a t e a u s e s th e the r m o lin e to d e e p e n t o th e e a s t a n d S S T t o r is e

e n o u g h to in it ia te a n E I N in o e p is o d e
,

a n d Z ) fo r e a s t 一a d v e e t in g w a r m w a t e r d u e t o

e a s tw a r d w e s te r ly a n o m a ly
,

r e d u e in g the t r a d e w in d a n d th u s E E P u p w e llin g
,

w hie h

a u g m e n ts S S T r is e
.

(5 ) E A W M Q BO 15 r e s p o n s ible fo r r e m a r ka b le s e a s o n a l E N SO p ha s e 一
lo e k in g

,

le a d in g

t o a fa e t t ha t E E P SS T r is e p e r s is ts fr o m A p r il一M a y to M a y 一Ju n e o f the n e x t y e a r
,

a

s u s ta in m e n t th a t p lay s a e r u e ia l p a r t in m a in ta in in g a w a r m EN S O p ha s e
.

R E F E R E N C E S

气

C he n L o n g x u n e t a l
.

(1 9 9 1 )
,

E a st A sia n
M d n so o 月

,

C h in a
M

e te o r
.

P r e s s
,

p p
.

2 0 5 一 2 0 6 (in C hin e s e )
.

G u o
Q iyu n (1 9 8 3 )

,

E a s t A sia n s u m m e r m o n s o o n in te n sity in d ie e s a n d th e v a r ia tio n
,

A c ra G eo g r a Ph ic a

S in ic a
,

38 : 2 0 7 一 2 1 6 (in C h in e se )
.

H a r r iso n
,

D
.

E
.

a n d S eh o Pf
,

P
.

5
.

C
.

(1 9 8 4 )
,

K e lv in w a v e in d u e e d a n o m a lo u s a d v e et io n a n d th e o n s e t o f

S S T w a r m in g in E IN in o e v e n ts
,

材d n
.

W
e a

.

R ev
. ,

1 1 2 : 9 2 3 一 9 3 3
.

H u a n g R o n g h u i a n d w
u Y ifa n g (1 9 8 7 )

,

T he in flu e n e e o f th e E N S O o n th e s u m m e r e lim a te e ha n g e in

C hin a a n d its m e e h a n is m 了a Pa n 一 U
.

5
.

W drk
s hoP

o n the

EI N in o S o u th e
二 Os

c illa tio n P h e ,

ome
n o n

,

T o ky o
J
a Pa n

,

N o v e m b e r 3一 7
.

N 1 Y u n q i e t a l
.

(1 9 9 5 )
,

D ia g n o s is o f e ffee t o f E N SO a n d w e ste r n Pa e ifie w a rm p o o l o n e lim a te o f C h in a
.

S c i
.

材七t
e o r

.

S in ic a 1 5 (4 ) : 1 1 8一 1 3 3 (in C h in e se )
.

Q ia n Y o n g fu (19 9 3 )
,

E ffee t s o f d iffe r e n t s e a s u r fa e e tem p e r a tu re o v e r th e

W
a s t Pa e ifie o n s u m m e r

m o n s o o n Pr o P e tie s
,

A c ta

Oc
ea n o lo g ic a S in ic a

,

1 2 : 5 3 5 一 5 4 7
.

R a sm u s s o n
,

E
.

M
.

a n d C a rPe n te r
,

T
.

H
.

(19 8 2 )
,

V a r ia tio n s in tr o Pie a l se a s u r fa ee te m p e ra t u r e a n d

s u r fa ee w in d fie ld s a s s o eia te d w ith th e S o u th er n O s eilla tio n
/ E IN in o

,

材d ,
.

W
ea

.

R ev
.

1 1 0 : 3 5 4一

3 8 4
.

S h i N e n g
,

X u
Ji

a n
j
u n a n d Z h u

Q ia n g e n (1 9 9 6 )
,

S t u d y o n in te n s ity in d ie e s o f 1 0 0
一
ye a r e a s te r n A s ia n

w in te r
/

su m m e r m o n so o n a n d th e ir elim a t ie v a ria tio n J
.

N
口

nji
n g In st

.

材
已te o r

. ,

1 9 : 1 6 8 一 1 7 7 (in

C h in e se )
.

S u n Zh a o b o e t al
.

(1 9 8 8 )
,

T he
e o r r e la tio n s b e tw e e n S S T a n d s u m m e r Pr e eiPit a tio n o v e r e a st e r n C h in a a n d

th e e ffe e t o f th e S S T a n o m a ly in th e S o u th C hin a

Se
a o n t he s u m m e r m o n so o n a n d p r ee ip ita tio n

,

A c ta

拟七t
e o r
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