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刀八I X in ga
n g (戴新刚)

,

w A N G 尸动 g (汪 萍 )
,

w U G uo x ion g (吴国雄 )

L A SG
,

In s titu t e o f A tm o sp h e r ie P hy s ie s ,

C hin e s e A e a d e m y o f S e ie n ee s ,
B e iiin g 1 0 0 0 2 9

an d CH O U Jlfa
n (丑纪范 )

C h in a
M

e te o r o lo g ie a l A dm in is t r a tio n T r a in in g C e n te r ,

B e iji
n g 1 0 0 0 8 1

R ee e iv e d J
u n e l

,

2 0 0 4

A BS T R A C T

C o r r e la tio n a n a lys is id e n tifie d tha t In d ia n s u m m e r r a in fa ll a n d E a s t A s ia n 5 0 0 hPa g eo p o te n tia l

h e ig h t fie ld a r e s ig n ifie a n tly e o r r e la te d
.

A te le e o n n e e tio n p a t te r n be t w e e n In dia n m o n s o o n a n d E a s t

A sia n s u m m e r eir e u la tio n (IE A p a tte r n ) w a s p r o p o s e d
.

W e s u g g es te d tha t th e Pa e ifie
一

J
a p a n

te le e o n n e e tio n p a t te r n (PJ p a t te r n ) p rim a rily in flu e n e e s th e m e ridio n a l p o s itio n o f th e

n o r t h w e s te r n P a eifie s u b t r o p ie a l hig h (N P S H ) in s u m m e r ,
w h ile IE A p a tte r n p a r tly a ffe e ts its

z o n a l s t r e te h o r th e a n o m a ly o f g e o p o te n t ia l h e ig h t field o v e r Ch in a m a in la n d
.

T h e n u m e r iea l

e x P e r im e n t s im p ly th a t th e IEA p a tte r n h a s im P o r ta n t im p a e t o n E a s t A s ia n e ir e u la tio n a n d it e a n

be s tim u la te d b y th e S ST a n o m a ly o f th e In d ia n O e e a n
.

W
e s u m m a riz e d th a t th e r e a r e tw o w a ys , a

dir e e tiv e

D IO n SO O n
。

w a y a n d a s e le e tiv e w a y ,

by w h ie h E N SO e x e r ts im P a e ts o n E a s t A s ia n s u m m e r

K e y w o rd s : IE A (In d ia
一
E a st A s ia ) p a tte r n ,

E N SO
,

A sia n m o n s o o n , s e le e tiv e w a y

1
.

IN T R O D U C T IO N

T h e s u b t r o p ie a l h ig h o v e r th e n o r th w e s te r n P a e ifie p la y s a k e y r o le fo r E a s t A s ia n

s u m m e r m o n s o o n
.

G e n e r a lly
,

it s a n o m a lie s le a d to la r g e 一s e a le a b n o r m a l r a in fa ll o r

击o u g ht in th e E a s t o f Ch in a (T a o e t a l
.

1 9 6 2 a ,

1 9 6 2b ; H u a n g a n d Y u 1 9 6 0 )
.

E v e r y ye a r ,

a e r u e ia l a s s ig n m e n t fo r C hin e s e m e t e o r o lo g is t s 15 t o p r e d ie t th e s t r e n g th
,

the lo e a t io n ,

a n d the w e s t e r n e d g e o f th e n o r thw e s t e r n Pa e ifie s u b t r o p ie a l hig h (N P SH )
, 5 0 a s t o

fo r e e a s t the a p p r o x im a t e p o s it io n o f the m a jo r r a in fa ll b e lt a n d it s in t e n s ity t h e r e a ft e r
.

T h e p h y s ie a l m e e ha n ism fo r N PS H a n o m a ly a n d it s p o s sib le fa e t o r s h a v e b e e n e x p lo r e d

e x te n s iv e ly (D o n g a n d C h o u 1 9 8 8 ; L i a n d C h o u 1 9 98 ; Z ha o a n d C he n 1 9 9 5 ; Z h a o 1 9 9 9 )
.

Fo r e x a m p le
,

the N P S H 15 a s s o e ia te d w ith S ST A (s e a s u r fa e e t e m p e r a t u r e a n o m a ly ) o f

th e w a r m p o o l in w e s t e r n Pa e ifie (H u a n g a n d L i 1 9 8 8 ; H u a n g a n d S u n 1 9 9 4 )
,

th e s n o w

e o v e r o f the T ib e t a n P la te a u ,
th e s e a ie e in h ig h la tit u d e s a n d 5 0 o n

.

So m e p r e v io u s s tu d ie s

d e m o n s tr a t e d th a t th e p r e 一

w in te r p la t e a u s n o w e o v e r h a s a n o t a ble e o r r e la tio n w ith r a in fa ll

o v e r the Y a n g tz e R iv e r V a lle y
,

b e e a u s e the s n o w e o v e r e ha n g e s the he a t in g fie ld
,

w hieh

a ffe e t s the T ib e ta n h ig h a n d N PS H a s a r e s u lt (W
e i a n d L u o 1 9 9 3 ; C h e n a n d So n g 2 0 0 0 )

.

T his s tu d y 15 j
o in tly 。u p p o r te d b y the N a tio n a l N a t u r a l S e ie n ee Fo u n d a tio n o f C h in a (N o

.

4 9 8 7 5 0 2 4 ) a n d L A SG
.



3 9 8 A C T A M E T EO R O LO G IC A S IN IC A V o l
.

1 8

T he s e a ie e in hig h la t it u d e s e a n in flu e n e e the m id
一

la t it u d e e ir e u la t io n a n d r a in fa ll o v e r

C h in a in r a in y s e a s o n v ia A r e t ie O s e illa t io n (F a n g 1 9 5 6 )
.

In E I N in o ye a r s ,
t he N p S H

u s u a lly m o v e s o n t o a p o s it io n fu r the r s o u th tha n it s e lim a te
.

A p o s s ib le e x p la n a t io n 15

th a t
,

d u r in g E I N in o y e a r s , th e w e a k the r m a l e o n v e e t io n in w e s te r n Pa e ifie n e a r th e

p h ilip p in e s eh a n g e s the p h a s e o f PJ (Pa e ifie
一

Ja p a n t e le e o n n e e tio n ) p a t t e rn , a n d he n c e

affe e t s th e N p S H
.

H o w e v e r ,

E I N in o e v e n t s m a y n o t o n ly in flu e n e e th e w e s t e r n p a e ific
,

b u t a ls o th e In d ia n O e e a n thr o u g h th e
W

a lke r e ir e u la t io n ,

w h ieh r e s u lt s in a w e a k So u th

A s ia n m o n s o o n (S lin g o a n d A n n a m a la i 2 0 0 0 )
.

so m e p a p e r s sh o w e d a n o p p o s ite tr e n d o f

the In d ia n m o n s o o n a g a in s t M e iyu fr o n t in s u m m e r (z h a n g 一9 9 5 )
.

T his p a p e r e a r r ie d o u t

d a t a d ia g n o s is a n d n u m e r ie a l m o d e lin g o n th e r e la t io n sh ip b e tw e e n the In d ia n s u m m e r

m o n s o o n a n d the s u m m e r g e n e r a l e ir e u la t io n o v e r C h in a
.

11
.

D A T A

In this p a p e r w e h a v e u s e d N CA R / N C E P m o n thly r e a n a ly s is d a ta s e t s ,

in elu d in g 5 0 0

h p a g e o p o te n tia l h e ig h t
,

m o n th ly p r e e ip it a t io n (x ie a n d A r k in 2 9 9 6 ) w it h a r e s o lu t io n o f

2
·

5
0

X 2
.

5
。 ,

th e p r e e ip it a t io n r a t e a t G a u s s ia n g r id s in a b o u t 1
.

8 7 5
0

只 1
.

8 7 5
。 , a n d g lo b a l

S S T w ith a r e s o lu t io n o f 2
0

x 2
0 .

T h e a ll
一

xn d ia n r a in fall fo r Ju n e thr o u g h o u t Se p te m b e r

w a s a ls o em p lo ye d
.

A ll th e s e d a t a s e t s a r e o b t a in e d fr o m th e D a t a C e n t e r o f the In s t it u te o f

A tm o s p he r ie Ph y sie s ,

Ch in e s e A e a d e m y o f Se ie n e e s
.

111
.

E A S T A S IA N 50 0 H PA H E IG H T A N D MON SOON C()N V E C T IO N

T h e a n o m a ly o f he a t s o u r e e s in lo w la t itu d e s o ft e n b e h a v e s a s a n u n u s u a l the r m a l

c o n v e c t io n in the a tm o s p h e r e , a n d in flu e n e e s the m id
一 o r hig h

一

la t it u d e e ir e u la t io n v ia S o m e

d y n a m ie p r o e e s s e s (H u a n g a n d Li 2 9 5 8 ; H u a n g a n d s u n 2 9 9 4 )
.

S u e h e ffe e t e a n be ,
to

s o m e e x t e n t
,

d e te e t e d b y the e o r r ela t io n be tw e e n th e s u m m e r r a in fa ll o v e r a lo e a l a r e a a n d

th e 5 0 0 hPa he ig h t
.

T h e s p a tia l p a tt e r n in w h ieh th e r m a l e o n v e n t io n im p a e ts he ig h t field

c a n b e r e g io n a l o r r e m o t e
.

W
e m a in ly e o n e e r n e d w ith th e m o n s o o n d o m a in in this s t u d y

,

s u e h a s So u th A s ia a n d S o u the a s t A s ia d u e to th eir t r e m e n d o u s la te n t h e a t r e le a s e d
,

w h ieh

a r e p o s s ible h e a t s o u r e e s fo r th e E a s t A s ia n e ir e u la tio n
.

1
.

S o u t h e a st A sia n M dn so o n

W
e s e le e t ed a b o x n e a r b y the Ph ilip p in e s (5 一 1 5

“

N
,

1 1 5 一 I2 5
o

E ) a n d e a le u la te d th e

c o r r e la t io n b e tw e e n the b o x s u m m e r p r e e ip ita t io n a n d the h e ig h t fie ld
.

Fig u r e l a e le a r ly

s ho w s the w e ll
一

kn o w n PJ p a t te r n
.

T h e s ig n ifie a n t e o r r e la t io n e e n t e r in th e s o u the r n p a r t o f PJ p a tt e r n e o v e r s the In d o -

C h in a p e n in s u la
.

T he a r e a e n elo s e d b y is o p le th 一 0
.

4 5 (0
.

0 5 e o n fid e n e e le v e l) s t r e tc h e s

fr o m th e p h ilip p in e s t o So u th C h in a S e a , a n d th r o u g h o u t th e n o r the r n B a y o f B e n g a l
·

T h e

n o r th e r n p a r t o f th e p a t t e r n e o n e e n t r a te s o n Ja p a n a r o u n d
.

T h e p a t t e r n a p p r o x im a te ly

5 it u a t e s o n the a r e a w he r e the N P S H liv e s
.

H e n e e ,

its a n o m a ly e a n a ffe e t th e N P SH

d ir e e t ly
,

T h e in t e n s ity o f th e r m al e o n v e e t io n o v e r th e Ph ilip p in e s 15 u s u a lly u n d e r th e

e o n t r o l o f th e w a r m p o o l s S T A
,

in o th e r w o r d s ,
th e p h a s e o f the PJ p a t t e r n 15 fa ir ly

d e t e r m in e d by t he w e s t e r n P a e ifie SS T A
.

T h e r e fo r e ,

m e t e o r o lo g is t s t r y to fo r e e a s t th e

s t r e n g th a n d p o s it io n o f th e N p S H in th e lig ht o f p r e v io u s p r e d ie t io n fo r the w e s te r n
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1
.

C o r r e la t io n fi e ld s b e tw e e n th e b o x 一

m e a n r a in fa ll (X ie a n d A r ki n 1 9 9 6 ) a n d s u m m e r 5 0 0 hPa

g e o p o t e n t ia l h e ig h t fo r 1 9 8 0 一 1 9 9 6 , th e e o n t o u r s w ith 士 0
.

4 5
,

士 0
.

5 7 a r e e o r r e s p o n d in g t o

0
.

0 5 a n d 0
.

0 1 e o n fid e n e e le v e ls
, r e s p e e t iv e ly

.

( a ) b o x in the Phi liPp in e s ,

( b ) b o x in I n d i a
.

P a e ifi e S S T A a n d t he n t h e p ha s e o f PJ p a t t e r n ( H u a n g a n d L i 1 9 8 8 )
.

H o w e v e r , a e a s e

s t u d y m a d e b y N it ta ( 1 9 8 7 ; 1 9 9 0 ) d e s e r ib e d s o m e u n e e r t a in t y o f t h e r e la t io n sh ip
.

It

im Pli e s t h a t s o m e o t h e r im P o r t a n t fa e t o r s m a y e x is t fo r E a s t A s ia n e ir e u la t io n , e s p e e ia lly

fo r th e N P S H
.

2
.

S o u th A s i a n
M

o n s o o n

So u t h A s ia 15 t he w e ll
一

k n o w n m o n s o o n r e g io n in t h e w o r ld
.

D u r in g s u m m e r t im e

t he r e a r e s tr o n g e o n v e e t iv e

m o n s o o n
.

T he i r a n o m a li e s

a e t iv i ti e s o n la r g e 一 s e ale a n d g ia n t la t e n t he a t r e le a s e d b y th e

m a y h a v e im p a e t o n t h e E a s t A s ia n m o n s o o n t hr o u g h s o m e

w ay s
.

T he e o r r e la t io n b e t w e e n t he

o v e r In d ia n s u b e o n t in e n t ( 1 5 一 2 2
.

S U tl ln le r 5 0 0 hPa he ig h t a n d th e p r e e ip it a t io n in a b o x

5
“

N
,

7 0 一 8 5
“

E ) e x hib it s t w o s ig n ifi e a n t e o r r e la t io n
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1 8

e e n t e r s (F ig
.

lb )
, o n e 15 in th e m a in la n d o f C hin a ,

th e o the r ,

in n o r th e r n Pa e ifie
.

T h e

fo r m e r o n e p a v e s o n th e m o s t p a r t o f E a s t C h in a ,

in a e o n fid e n e e g r e a t e r tha n 9 9%
.

T his

r e v e a ls th a t In d ia n s u m m e r m o n s o o n ha s a elo s e r e la t io n sh iP w ith the E a s t A s ia n

e ir e u la t io n
,

W he n So u th A s ia n m o n s o o n 15 r o b u s t w ith m o r e r a in fa ll in In d ia
,

the 5 0 0 hPa

he ig h t o v e r e a s t e r n C h in a 15 h ig h e r a n d N P SH s t r e t e he s m o r e w e s tw a r d th a n n o r m al
,

w h ie h r e s u lts in le s s r a in fa ll in th e v a lle y o f the Y a n g t z e R iv e r a n d H u a ih e R iv e r , a n d v ie e

V e r s a
。

F o r fu r th e r e o n fir m a t io n ,

w e e a le u la te d th e e o r r ela t io n p a t t e r n u s in g N e A R / NC EP

Pr e e ip ita t io n r a t e (F ig
.

Za ) a s w e ll a s 1 9 5 8一 1 9 9 7 a ll
一

In d ia n r a in fa ll in it s m o n s o o n s e a s o n

(Fig
.

Zb )
.

T h e s p a tia l s t r u e t u r e s o r p a t t e r n s o f th e e o r r ela t io n a r e v e r y s im ila r t o th e o n e

in Fig
.

lb d e s p ite o f tin y d iffe r e n e e in th e e o v e r a g e o f th e p a t te r n s
.

T h e r e a r e als o s o m e

o the r s ig n ifie a n t e o r r e la tio n e e n te r s in n o r the r n Pa e ifie O e e a n ,

N o r th A m e r ie a a n d the

A tla n t ie (F ig
.

lb
,

F ig
.

Za )
,

w hie h im p lie s the r e m o t e e o n n e e t io n a m o n g In d ia n m o n s o o n

a n d th e g e n e r a l e ir e u la tio n o f a tm o s p h e r e o v e r th e ab o v e r e g io n s
.

T h e In d ia n m o n s o o n 15 lin ke d w ith the s u m m e r e ir e u la t io n o v e r E a s t A s ia by th e

e o r r ela t io n p a t t e r n
.

W he n th e In d ia n s u m m e r m o n s o o n 15 s t r o n g (w e a k )
,

E a s t A sia n

s u m m e r 5 0 0 hP a g e o p o te n tia l h e ig h t 15 h ig h (lo w )
, a n d the N PS H e x t e n d s n o r thw a r d a n d

w e s tw a r d (s o u thw a r d a n d e a s tw a r d )
.

W e e a ll th e e o r r ela t io n s tr u e tu r e th e In d ia
一

E a s t

A s ia n Pa t te r n ( IE A )
.

Sin e e n o s ig n ifie a n t e o r r e la tio n 15 ju s t a b o v e th e In d ia n

s u be o n t in en t
,

th e S o u th A s ia n m o n s o o n ha s little in flu e n e e o n the 5 0 0 hp a he ig h t fie ld

o v e r In d ia
.

T he IE A p a t t e r n ,

d iffe r e n t fr o m th e PJ p a t te r n ,

w h ie h h a s a p a ir o f p o sit iv e

a n d n e g a t iv e e o r re la t io n e e n t e r s , e x h ib it s o n ly o n e r e m o t e p o s itiv e e e n t e r fa r a w a y fr o m

th e fo r e in g s o u r e e in S o u th A s ia
.

T h u s it 15 d iffie u lt to fin d th e p a t t e r n if w e o n ly a p p ly

p o in t
一
t o 一

p o in t e o r r e la t io n a n a ly sis o n th e he ig h t fie ld
.

In th is s e n s e ,
th e IE A p a t te r n m a y

b e r e g a r d ed a s a n im Plie it te le e o n n e e t io n Pa t te r n
.

A n o the r m a in e o n v e e t iv e e e n t e r o f So u th A sia n m o n s o o n 15 in the n o r the r n B a y o f

B e n g a l
,

w e s e le e t a b o x (1 5一 2 4
O

N
,

8 5 一 9 7
o

E ) a n d e ale u la t e th e e o r r e la t io n be tw e e n th e

s u m m e r r a in fa ll in the bo x a n d 5 0 0 hPa he ig h t field (Fig
.

3 a )
,

It sh o w s tha t th e r e 15 o n e

sig n ifie a n t p o s it iv e e e n te r o v e r th e m a r g in a l s e a t o E a s t C hin a ,

w hieh in d ie a t e s tha t th e r e

15 little in flu e n e e o n th e N PS H w he n the e o n v e e tio n 15 a e t iv e
.

T h e r efo r e th e e o n v e e t io n

iu s t affe e t s the r a in fa ll o v e r th e s e a a d ia e e n t to E a s t C hin a
.

O th e r s ig n ifie a n t e e n te r s a r e

o v e r n o r thw e s t e r n C h in a ,

N o r th A m e r ie a ,

A tla n tie O e e a n , a n d E u r o p e
.

T he s e im p ly tha t

S o u th A s ia n m o n s o o n 15 a s s o e ia t e d w ith th e g lo b a l a tm o s p h e r ie e ir e u la t io n
.

T h e T ibe t a n P la te a u 15 a h u g e h e a t in g s o u r e e in m id
一
t r o p o s p he r e (W

u a n d Li 1 9 9 7 )
.

It m ay e x e r t a g r e a t in flu e n e e o n the E a s t A sia n e ir e u la t io n
.

T he p r e e ip ita t io n in the

p la t e a u m ig ht b e u s ed to m e a s u r e th e e o n v e e t io n in te n s ity
.

T h e e o r r ela t io n fie ld b e tw e e n

s u m m e r r a in fa ll in th e b o x (2 8 一 3 5
o

N
,

8 5 一 g o
o

E ) o n th e e a s t e r n Pla te a u a n d 5 0 0 hPa

he ig h t (Fig
.

3 b ) sh o w s a s m a ll s ig n ifie a n t e o r r e la t io n e e n te r e lo s e to the b o x a n d a big o n e

a lo n g the e a s t e r n e o a s t o f C h in a ,

w h ieh 15 r e la t e d t o lo e a t io n o f th e N PS H in s u m m e r
.

T h e r e fo r e ,
the N P SH 15 s itu a t e d m o r e n o r thw a r d a s a r e s u lt o f th e s t r o n g e o n v e e t io n

a b o v e th e p la te a u , a n d v ie e v e r s a
.

A n o m a lo u s w in te r s n o w fa ll o n th e p la te a u e a n e ffe e t iv e ly a ffe e t r a d ia t io n p r o p e r t ie s in

n e x t s p r in g a n d s u m m e r (W
u e t a l

.

1 9 9 5 )
.

T he s ta t is t ie a l a n a lys is (C h e n a n d S o n g 2 0 0 0 ;



N o
.

4 D A I X in g a o g
,

W A N G P i二g
,

W U G u o , 10 0 9 a n d C H O U Jifa
n

4 0 1

8 0
“

N 七二李

毯挤布 弓若
, (a )

勺 飞

尹

旗东
5

怪
乙 护内口

各

7060504030

夕

吧一80
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“

E 1 80

;�尸
卜,、‘白n了J、户月划,一

2010EQ

10 0

8 0
“

N

14 0
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(二竺之, , 二 , (b )

, 屯

奋犬

尹
护~ ~

名
夕叼

落
舀

O乃2

7060304050

口

一0
.

3 2 -

2010EQ

2 0 4 0 6 0 10 0 160
“

E 18 0

一nU�月片

, ,/抽
J卜飞

‘

挤湘n�
口‘J、,门,甲,二

协一80

Fi g
.

2
.

C o r r e la t io n fie ld s be tw e e n s u m m e r 5 0 0 hPa g e o p o t e n t ia l h e ig h t a n d b o x 一

m e a n p r e e ip it a t io n

r a t e i n I n d ia ( a )
, a n d b e tw e e n th e 5 0 0 hP a g e o p o te n t i a l he ig h t a n d a ll

一

I n d ia n r a i n fa ll d u r i n g

Ju n e th r o u g h o u t S e p t e m be r ( b )
,

fo r 1 9 8 0 一 1 9 9 6 , t he e o n t o u r s w ith 士 0
.

4 5
,

士 0
.

5 7 i n ( a )

a n d 士 0
.

3 2
,

士 0
.

4 2 in (b ) e o r r e sPo n d t o 0
.

0 5 a n d 0
.

0 1 e o n fid e n e e le v e ls
, r e sP e e t iv e ly

.

C he n a n d W
u 1 9 9 8 ) p o in t e d o u t t ha t a g r e a t d e a l o f s n o w e o v e r o n th e p la t e a u e a n

p o s tp o n e t he s e a s o n t r a n s it io n in t he fo llo w in g y e a r , a n d le a d to a h e a v y r a in fa ll s p r e a d in g

o n t o t he V a lle y o f t h e Y a n g tz e R iv e r a s t h e r a in b e lt lo e a t e s m o r e s o u th w a r d t ha n it s

e lim a t e p o s itio n
.

I t 15 e a s y t o tu r n o u t t he fo llo w in g e o n e e p tu al m o d e :

M o r e Pr e 一

w i n te r s n o w e o v e r o n th e Pla te a u
~ w e a k Pla t e a u c o n v e e t io n in e o m in g

sPr in g a n d s u m m e r
一 N PSH lo c a t e d m o r e s o u t h w a r d

T h e e o r r e la t io n a n a lys is sh o w s t he t h e r m a l e o n v e e tio n o f t h e T ib e ta n Pla t e a u

t he PJ p a t te r n a n d I E A p a tt e r n

s u m m e r , s ig n ifi e a n tly
.

A e e o rd i

C a n

t h a t

a ll a ffe e t t h e g e o p o t e n t ia l h e ig h t O V e r

n g t o

E a s t A s ia in

a n d t he PJ

Pa t t e r n e h ie fly m a k e e ffe e ts o n th e

t he p a t t e r n s ,
t h e Pla t e a u

m e r id io n a l lo e a t io n o f t h e

C o n V e C t lo ll

N PS H
,

w h ile t he I E A

p a t t e r n e x e r ts e ffe e ts o n t h e z o n a l p o s it io n o f it s w e s t e r n e d g e in t he m a in la n d o f C hin a
.
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头 C二二, , . .
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夕
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一

桑
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4 0 8 0 12 0 16 0
0

E 16J W 12 0 80 4 0

3
.

C o r r e la t io n fie ld s b e tw e e n th e b o x 一

m e a n r a in fa ll (X ie a n d A r k in 1 9 9 6 ) a n d s u m m e r 5 0 0 hP a

g e o p o t en tia l h e ig h t fo r 1 9 8 0 一 1 9 9 6
, t he eo n t o u r s w ith 士 0

.

4 5
,

土 0
.

5 7 a r e e o r r e sp o n d in g t o

0
.

0 5 a n d 0
.

0 1 e o n fid e n e e le v e ls
, r e s p ee tiv e ly

.

(a ) b o x in the n o r the r n B ay o f B e n g a l ; (b )

b o x in th e e a s te r n T ibe t a n Pla te a u
.

20EQFis

T h e d iffe r e n t allo e a t io n s o f th e th r e e P a t t e r n s w o u ld e a u s e v a r io u s a n d s o p h is t ie a te d

d is t r ib u t io n s o f the m a io r r a in fa ll b elt in C h in a d u r in g s u m m e r tim e
.

IV
.

T H E R M A L CO N V E C T IO N SO U R CE S

It 15 m o r e o b je e tiv e t o fin d the d o m in a n t s o u r e e s o f th e the r m al e o n v e e t io n by

e a le u la tin g th e e o r r e la tio n b e tw e e n a g r id o r r e g io n a l h e ig h t a n d the g lo b a l p r e e ip it a t io n

fie ld
.

T he e o r r ela t io n be tw e e n 5 0 0 hPa h e ig ht a v e r a g e d o v e r the b o x (2 6 一 3 3
“

N
,

1 1 0 一

1 2 2
O

E ) in the V a lley o f Y a n g t z e R iv e r a n d s u m m e r r a in fa ll fie ld r e v e a ls tha t the m o s t

sig n ifie a n t e e n t e r o f lo w la t it u d e 15 o n the In d ia s u b e o n t in e n t (F ig
.

4 a )
.

T he s e e o n d o n e

s it u a t e s in the In d o 一

C h in a Pe n in s u la
,

w h ieh e o n fir m s tha t In d ia n s u m m e r m o n s o o n 15 the

m o s t irn p o r ta n t h e a t s o u r e e fo r th e h e ig h t a n o m a ly o v e r th e V a lley o f Y a n g t z e R iv e r
.

M o r e o v e r ,
th e a n a lys is a ls o e o n fir m s the e x is te n e e o f the IE A p a tt e r n a n d its lin k a g e w ith

th e e ir e u la t io n o v e r E a s t A s ia
.

T h e IE A p a t te r n im p lie s the r o b u o t In d ia n s u m m e r

m o n s o o n ,

w ith a n N PS H e x te n d in g m o r e w e s tw a r d
,

15 o ft e n r e la t ed w ith d efie ie n t r a in fa ll

o v e r th e V a lley o f th e Y a n g t z e R iv e r
.

F ig u r e 4 a sh o w s th a t th e r e a r e tw o o th e r s ig n ifie a n t e o r r e la t io n e e n t e r s ,

w hie h th o u g h

n o t v e r y b ig
, a r e o v e r the s o u th o r s o u thw e s t t o t he s e le e t e d bo x in the V a lle y o f Y a n g t z e

R iv e r
.

T he y m a y b e a s s o e ia te d w ith the fe e d ba e k o f the r m a l a d iu s tm e n t
, s u e h a s la t e n t

h e a t r ele a s e d by p r e e ip ita t io n a n d N PS H e x te n d in g w e s tw a r d (L iu e t a l
.

19 9 9 ;
W

u e t a l
.



N o
.

4 D A I X in g a n g
,

W A N G P in g
,

W U G u o x io n g a n d C H O U J lfa
n

4 0 3

1 9 9 8 )
.

N o te tha t the r e 15 n o s ig n ifie a n t e o r r e la t io n e e n t e r o v e r th e e q u a to r ial Pa e ifie in

Fig
.

4 a
.

H o w e v e r , a la r g e p o s itiv e e o r r e la t io n e e n te r w ill e o m e fo r th o v e r th e e q u a to r ia l

m id
一 e a s t e r n Pa e ifie if th e b o x 15 Pla e e d o n the S o u th C hin a e o a s t a l a r e a (2 0 一 2 5

”

N
,

1 1 0 一

1 2 0
0

E )
, a s s ho w n in F ig

.

4 b
.

T his in d ie a te s tha t the la rg e 一s e a le S S T a n o m a ly o f th e

e q u a t o r ia l Pa e ifie e a n in flu e n e e the h e ig ht a n o m a ly in S o u th Ch in a
.

In th e lig ht o f th e IE A p a tt e r n m e n t io n e d ab o v e w e fin d th a t
,

w h e th e r th e V a lle y o f

7 5
O

N

(
砚又梦

,

今 飞

‘O

各
、

‘
~ 芬

0 1 丫
门

”

娜
5

: ‘

口

、

红
4 0

655545352515翔50515

7 5
“

N

2 0

只:筛互户

今 屯

< )

己

e _

止2 0 4 0

6555452535巧SON5os巧

Fig
.

4
.

C o r r e la tio n b e tw e e n a b o x 一

m e a n s u m m e r 5 0 0 hPa he ig ht a n d s u m m e r r a in fa ll fie ld
,

(a ) bo x

o v e r th e V a lle y o f Y a n g t z e R iv e r ; (b ) bo x in th e e o a s t a l a r e a o f S o u th C h in a
.
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.

1 8

the Ya n g tz e R iv e r 15 u n d e r th e e o n t r o l o f N PS H in s u m m e r tim e ,
to s o m e e x t e n t

,

d e p e n d s

o n In d ia n m o n s o o n a n d p la te a u e o n v e e tio n
,

A e t u a lly
,

the In d ia n m o n s o o n a n d the

So u the a s t A sia n m o n s o o n b elo n g t o d iffe r e n t m o n s o o n s ys te m s , a n d th eir v a r ia t io n s a r e

d ift er e n t s o m e tim e s
.

In e o n s e q u e n e e ,

W
a n g a n d Fa n ( 1 9 9 8 ) s u g g e s te d tw o m o n s o o n

in diee s de fin ed fo r S o u th A s ia n m o n s o o n a n d S o u the a s t A s ia n m o n s o o n , r e s Pe e t iv e ly
,

in

s te ad o f W eb s te r 一Y a n g A s ia n m o n s o o n in d e x (W
e b s t e r a n d Y a n g 1 9 9 2 )

.

T he s o u th e a s t

Asian m o n s o o n 15 m a in ly a ffe e t e d by E N S O eye le
,

w he r e a s th e So u th A s ia n m o n s o o n

in elu de s m o r e fr e q u e n e y e o m p o n e n t s , s u eh a s the q u a s i
一

b ie n n ia l o s eilla t io n (M e e hl 1 9 9 4 ;

1997 )
,

in te rd e e a d a l e ha n g e s ,

E N S O sig n a l
, a n d 5 0 o n

.

T hu s ,
th e IE A p a t te r n a n d PJ

pa tte r n ho ld d iffe r e n t e ha r a e te r is tie fr e q u e n e ie s tha t th e r efo r e m a ke e o m p lie a t e d im p a e ts

o n E a s t A s ia n m o n s o o n
.

V
.

N U ME R ICA L EX PE R IME N T

1
.

几介tl’v a tio n

In te r a n n u a l v a r ia b ility o f S S T in th e e q u a t o r ia l Pa e ifie 15 d o m in a t e d b y EN SO ey ele
,

w hieh 15
,

to a g r e a t e x te n t
, e o r r e la te d w ith th e a n o m a ly o f S o u th e a s t A sia n m o n s o o n

.

B u t

m o r e fa e t o r s e a n m a k e im p a e t s o n S S T in In d ia n O e e a n , s u e h a s q u a s i
一

bie n n ia l o s eilla tio n ,

in te rd e e a d a l eha n g e s a n d 5 0 o n
.

T he M o r le t w a v ele t a n a ly s is o f s u m m e r m e a n S S T in

n o rth e rn In d ia n O e e a n s h o w s th a t the r e la t iv e im p o r t a n e e o f E N SO e ye le d e e r e a s e s w ith

la titu d e , w he r e a s th e im p o r t a n e e o f th e in te r d e e a d a l e ha n g e s in e r e a s e s (T o r r e n e e a n d

W eb te r 19 9 8 )
.

If w e e a le u la t e the e o r r ela t io n b e tw e e n a ll
一

In d ia n ra in fa ll (Ju n e 一

Se pte m be r ) a n d g lo ba l S S T fie ld
,

the s ig n ifie a n t e o r r e la t ed r e g io n 15 s till in the e q u a t o r ia l

m 记
一e a s t e r n Pa e ifie r a th e r th a n in In d ia n O e e a n

.

T he s im ila r r e s u lt e a n be r e a e h e d if w e

u se 5 00 hPa he ig h t a v e r a g e d in th e V alle y o f the Y a n g tz e R iv e r a n d S S T to e a le u la t e the ir

eo rre la t io n
.

U s u a lly
,

the S S T in th e e q u a to r ial m id
一e a s t e r n Pa e ifie w ill in e r e a s e s e v e r a l

de g r e e s a s E I N in o d e v e lo p s ,

b u t in In d ia n O e e a n ,

S S T o ft e n v a r ie s n o m o r e th a n o n e

de g r e e ,
tho u g h it s d is t r ib u tio n e ha n g e s d is t in e tly

.

O bs e r v a t io n s (S lin g o a n d A n n a m a la i

200 0) sho w tha t in 1 9 8 2
,

1 9 8 7
, a n d 1 9 9 7 w he n E I N in o o e e u r r e d

, a lit tle e ha n g e to o k

Pla e e in In d ia n O e e a n S ST
, a n d in th e m e a n tim e S o u th A s ia n m o n s o o n a n d So u th e a s t

Asia n m o n s o o n be e a m e w e a k e n e d
, a p a r t fr o m th a t th e In d ia n m o n s o o n r a in fallin 1 9 9 7 w a s

kePt in it s n o r m a l s ta t e d u e t o s o m e in t r a 一s e a s o n a l d is t u r ba n e e s
.

W
e e o n iu n e t u r e th a t

d u rin g E IN in o ye a r ,

So u th A sia n m o n s o o n r a in fa ll m a y b e a s s o eia t e d w ith th e d is t r ibu t io n

o f the In d ia n O e e a n S S T A
.

T h e r e fo r e w e d e s ig n a s e n s it iv e n u m e r ie a l e x p e r im e n t
,

t a k in g

1982 E IN in o e v e n t a s a n e x a m Ple
,

t o e x Plo r e th e Po s s ible in flu e n e e o f In d ia n O e e a n S S T

o n N PSH
.

2
.

几牙dde l a n d E xP
e ri m e n t

T he IA P/ LA S G G O A LS w e u s e d 15 a g lo b a l s e a 一

la n d
一 a tm o s p h e r e e o u p le d s p e e t r a l

m o d el w ith a ho r iz o n t a l r e s o lu t io n o f 7
.

5
“

X 4
.

5
“

fo r la t it u d e a n d lo n g it u d e r e s p e e t iv e ly
,

a n d n in e la ye r s in v e r tie a l d ir e e t io n (W
u a n d Z ha n g 1 9 9 7 )

.

T h e m o d e l 15 o n ly fo re e d b y th e

m o n thly SS T in o u r n u m e r ie a l in t e g r a t io n
.

W
e d e sig n e d tw o e x p e r im e n t s

,

Fo r the fir s t
,

n o te d a s E
一

1
,

th e m o d e l r u n n in g 15 u n d e r m o n thly SS T o f 1 9 8 2 a n d the n w e u s e the



N o
.

4 D A I X in g a n g
,

W
了IN G P in g

,

W U G u o 二io n g a n d Cl lO U Jifa
n

4 0 5

a tm o s p he r ic o u t p u t O f th e m o d e l to e a le u la t e s u m m e r 5 0 0 h p a h e ig ht a n d r a in fa llfield
.

Fo r

the s e e o n d
, n o te d a s E

一

2
,

the fo r e in g 15 alm o s t th e s a m e a s E
一

1
, e x e e p t tha t m o h t hly ss T

a v e r a g e d o v e r 1 9 7 9 一 1 9 8 8
,

w hie h 15 r e g a r d e d a s a e lim a te S ST a p p r o x im a te ly
, r e p la e e s th e

SS T o f th e In d ia n O e e a n
.

T he e o m p a r is o n o f the tw o e x p e r im e n t s m a y te ll the e ffe e t o f th e

In d ia n O e e a n SS T v a r ia t io n o n the S o u th a n d E a s t A s ia n m o n s o o n in th e E IN in o y e a r
.

3
.

R e s u lts

T h e d iffe r e n e e o f s u m m e r r a in fa ll be tw e e n E
一

1 a n d E
一

2 r e v e a ls the s e n sit iv ity o f the

A s ia n m o n s o o n r a in fa ll t o In d ia n O e e a n S S T v a r ia tio n in 1 9 8 2
.

A s th e In d ia n O e e a n S ST

e ha n g e d
,

the la r g e 一 s e ale r a in fa ll z o n e in S o u th A s ia sh ift e d e a s tw a r d a n d b e e a m e w e a k

(F ig
.

5 )
.

T h e m o s t sig n ifie a n t r e g io n o f the r a in fa ll r e d u e t io n 15 in In d o 一

C hin a Pe n in s u la ;

th e n e x t 15 in In d ia n s u b e o n t in e n t
.

M o r e o v e r , a b ig d iffe r e n e e a p p e a r s a t the e e n tr a l a n d

w e s t e r n p a r t o f e q u a to r ia lP a e ifie
.

A lit tle in e r e a s e o f r a in fa ll 15 a lo n g the s o u th e a s t e o a s t a l

a r e a o f Ch in a
.

T h e r efo r e ,
th e S ST v a r ia tio n s e o u p led w ith th e E I N in o d e v e lo p in g in the

e a s t e r n e q u a to r ia l Pa e ifie w o u ld m a ke a s ig n ifie a n t v a r ia tio n in th e S o u th a n d S o u the a s t

A sia n r a in fa ll in s u m m e r ,

w h ie h the n a lt e r th e IE A p a t t e r n a n d PJ p a t t e r n a s a r e s u lt
.

W
e s u b t r a e t the s u m m e r 5 0 0 hPa h e ig h t o f E

一

2 fr o m tha t o f E
一

1
,

t o e x p lo r e the

im p a e t o f In d ia n O e e a n S S T A o n E a s t A s ia n h e ig h t field
, a n d o b ta in the d iffe r e n e e field

(F ig
.

6a )
.

It sh o w s th a t a w a v e tr a in e x t e n d s fr o m S o u th C hin a S e a t o B e r in g S t r a it a n d

the n t u r n s t o N o r th A m e r ie a a lo n g the e o a s t o f N o r th P a e ifie
,

w h e r e a 一 3 0 g p m e e n te r 15

a t the Y e llo w S e a
.

T h is illu s t r a t e s th a t the In d ia n O e e a n S ST v a r ia t io n s in 1 98 2 e o u ld

fo r e e th e N P SH in t o a fu r th e r s o u th p o s itio n
.

T h e e x is t e n e e o f th e w a v e tr a in in d ie a t e s

tha t the In d ia n O e e a n S S T A e a n n o t o n ly in flu e n e e th e E a s t A s ia n e ir e u la t io n ,

b u t a ls o th e

N o r th A m e r ie a n e ir e u la t io n
.

C o n s e q u e n tly th e e ffe e t o f th e In d ia n O e e a n S S T v a r ia t io n s o n

So u th A s ia n m o n s o o n a n d E a s t A s ia n he ig h t s h o u ld n o t b e ig n o r e d
.

T he he ig ht fie ld a t 5 0 0 hPa le v e l m ig h t b e id e n t ifie d a s a b a r o t r o p ie m o d e l fo r

g e o p o t e n t ia l h e ig h t in m id
一 a n d h ig h

一

la t it u d e s ,

fo r the r e 15 a q u a s i
一

g e o s t r o p hie flo w the r e
.

F ig
.

5
.

T h e diffe r e n ee o f s im u la te d s u m m e r r a in fa ll (m m ) E
一
1 a n d E

一
2

.
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Fig
·

6
.

T h e d iffe r e n e e o f s im u la te d s u m m e r 5 0 0 hP a h e ig h t (a ) a n d th e s h a r e o f z o n a l w in d be tw e e n

8 5 0 a n d 2 5 0 hPa (b ) fo r E
一
1 a n d E

一
2

.

B u t in lo w la t it u d e s ,

it 15 m o r e e ffe e t iv e ly t o u s e w in d field t o d e s e r ib e e ir e u la t io n s ys t e m
.

T he z o n a l s ha r e o f w in d b e tw e e n 8 5 0 a n d 2 5 0 hPa (U
ss。
一 U

2 5。
) r o u g hly r e p r e s e n ts th e

b a r o elin ie Pa r t o f th e w in d d is t r ib u t io n a t the lo w e s t o r d e r
.

T he d iffe r e n e e b e tw e e n U
ss。
一

U 2 5。 o f E
一

1 a n d U
ss。
一U

2 5 。 o f E
一

2 e a n be r e g a r d ed a s a va r ia t io n o f b a r o e lin ie p a r t fo r the

w in d fie ld d is t u r be d by th e In d ia n O e e a n S S T A
.

Fig u r e 6b s ho w s the b a r o e lin ie p a t te r n in

So u th A s ia thr o u g ho u t E a s t A s ia
.

T h e r e 15 a n e g a t iv e e o r r ela t io n be lt o v e r th e E a s t o f

C hin a
.

It m e a n s a n in e r e a s e d sh a r e o f the w e s t e r ly o v e r th is b elt
,

w h ieh w o u ld in t e n s ify

th e M e iy u fr o n t a lo n g the Y a n g t z e R iv e r
.

T he r e 15 a p a ir o f z o n a l d ip o le s a lo n g e q u a t o r ia l

In d ia n O e e a n th r o u g h o u t the P a e ifie
.

It s m a x im u m (1 8 m / s ) a p p e a r s a t e a s t e r n e q u a t o r ia l



N 0
.

4 D A I X in g a n g
,

W
z
1N G P i、 g

,

W U G u o x io n g a n d C H 口U J lfa
n

4 0 7

Pa e ifie
,

in a g r e e m e n t w ith the b ig g e s t r a in fa ll d iffe r e n e e n e a r by the C e n tr a l A m e r ie a
.

In te r m s o f p hy s ie a l m e eh a n ism
,

t in y v a r ia t io n s o f S S T in In d ia n O e e a n d u r in g E I

Nin o ye a r s s e em in g ly e a n n o t s t im u la t e th e r e m a r k a ble eh a n g e o f s e n s ible he a t in g
, s in e e

th e s e n sib le h e a t flu x o v e r the s e a 15 m u eh le s s tha n tha t o v e r th e la n d a e e o r d in g to

NCA R /N C E P r e a n aly s is d a ta
.

H o w e v e r ,
th e n u m e r ie a l e x p e r im e n t s ho w s tha t the

dis t rib u t io n o f So u th A s ia n s u m m e r r a in fa ll a n d the z o n a l sh a r e o f w in d a s w e ll a s h e ig h t

field a r e a ll v e r y s e n s it iv e t o the t in y v a r ia t io n o f S S T in In d ia n O e e a n (F ig
.

5 )
.

B e e a u s e

s u m m e r he ig h t field 15 s ig n ifie a n tly e o r r e la te d w ith the In d ia n m o n s o o n r a in fa ll in s te a d o f

w ith th e In d ia n O e e a n S S T
,

w e s u g g e s t e d th a t S ST a n d it s d is t r ib u t io n v a r ia t io n ,

fir s tly
,

le ad t o eh a n g e s o f th e S o u th A s ia n m o n s o o n e o n v e e tio n ,

w h o s e r ele a s e d h e a t th e n r e s u lts

in e ha n g e s o f the IE A p a t t e r n a n d the w in d sh e a r , a n d fin a lly e a u s e s a n o m a lie s o f th e

w ho le E a s t A s ia n h e ig h t fie ld a n d w in d fie ld
.

V l
.

D IR E C T A N D SE L E C T IV E W A Y S

T h e in te r a e t io n b e tw e e n E N SO a n d th e A s ia n m o n s o o n , e s p e e ia lly th e E a s t A s ia n

m o n s o o n ,

15 o n e o f the m o s t im p o r t a n t p r o ble m s ,

b e e a u s e it 15 lin ke d w ith the r a in y

s e a s o n p r e d ie t io n fo r C h in a in e v e r y s p r in g
.

In E I N in o ye a r s ,
th e N P S H u s u a lly m o v e s

m o r e s o u th w a r d
,

w h e r e a s in L a N in a ye a r s ,

m o r e n o r th w a r d tha n its elim a t e
.

O n e

e x p la n a tio n 15 d u e t o the sh ift e a s tw a r d o f th e e o n v e e t io n s o v e r the w e s te r n Pa e ifie w a r m

p o o l t o m id d le Pa e ifie a n d th e p h a s e eh a n g e o f th e PJ p a t te r n in E IN in o y e a r s
.

M e a n w h ile

the In d ia n O e e a n S S T a ls o v a r ie s a litt le
, e o r r e s p o n d in g ly

.

T h e e a s e s tu d y p o in ts o u t th a t

the
e ffe e t o f a t in y e ha n g e in the In d ia n O e e a n S S T w o u ld b e rn u ltip lie d by th e e o n v e e t io n

o f th e In d ia n m o n s o o n ,

w h ie h th e n in flu e n e e s th e E a s t A sia n m o n s o o n b y th e IE A

p a t t e r n
.

T he in t e r a e t io n b e tw e e n E N SO a n d the S o u th A s ia n m o n s o o n e a n be r e g a r d e d a s

s e le e t iv e in te r a e t io n a n d ha s it s u n e e r ta in ty
,

fo r the r e a r e a g r e a t n u m be r o f fa e t o r s th a t

ha v e in flu e n e e o n th e So u th A s ia n m o n s o o n (W
e bs te r a n d Y a n g 1 9 9 2 )

.

T he r e fo r e w e

e o n elu d e tw o w a ys in w hie h th e E N SO im P a e t s E a s t A sia n m o n s o o n
.

T h ey a r e

e o n e e Pt u ally e x Pr e s s e d a s fo llo w s
.

D ir e e t w a y :

E N S O ~ S o u th ea st A sia n m o n so o n
~ PJ Pa tte r n

~ E a s t A sia n m o n s o o n

S e le e t iv e w a y :

E N S O ~ In d ia n o e ea n SST A 一 S o u th A s ia n m o n s o o n
~ IE A Pa tte r n 一 E a st A sia n

目】o n SO 0 n

T h e e o e x is te n e e o f th e s e tw o w a y s le a d s t o e o m p le x it y fo r E N SO in flu e n ein g th e E a s t

A s ia n s u m m e r rn o n s o o n
.

V ll
.

SU MMA R Y

T h e a n o m a ly o f la r g e 一 s e a le he a tin g s o u r e e u s u a lly e a u s e s a

a tm o s p he r ie e ir e u la tio n
.

T his in flu e n e e e a n b e r e g io n al

A sia n m o n s o o n r e g io n 15 a h u g e la te n t s o u r e e , a n d e a n

o r T e lllo t e
.

sig n ifie a n t

In s u m m e r

eh a n g e o f

th e So u th

a ffe e t the e ir e u la tio n e ithe r n e a r b y

o r fa r a w a y
.

O u r s t u d y in this p a p e r s ho w s tha t the la r g e a m o u n t o f la t e n t he a t r e le a s e d b y
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the m o n s o o n r a in fa ll e a n s t im u la t e a r e g io n a l te le e o n n e e tio n P a t te r n , n a m ely th e IEA

P a tt e r n , o v e r So u th a n d E a s t A sia
.

T he IE A Pa t te r n m a y d is t u r b th e e ir e u la t io 几 o v e r E a s t

C h in a a n d e v e n the w h o le E a s t A s ia n s u m m e r m o n s o o n
.

W he n s u m m e r In d ia n m o n s o o n 15

s t r o n g
,

th e h e ig h t field o v e r E a s t A s ia 15 u s u a lly h ig h e r th a n it s n o r m a l
, a n d th e N P SH

s it u a te s fu r th e r n o r th a n d fu r th e r w e s t
.

T he r e fo r e the p o s it iv e d e p a r t u r e o f he ig ht o v e r

C h in a m a in la n d 15 d o m in a n t
,

w h ie h le a d s to m o r e d r o u g h t s in th e V alle y o fY a n g tz e R iv e r ,

w h e r e a s w h e n In d ia n m o n s o o n 15 w e a k
,

the r e g io n o ft e n e x p e r ie n e e s m o r e flo o d s
.

T h e r e 15

n o d o u b t th a t the PJ te le e o n n e e t io n Pa t r e r n ,

w hie h 15 a s s o e ia te d w ith th e r m a l e o n v e e t io n

a n o m a ly o f So u the a s t A s ia n m o n s o o n , a ls o Pla ys a n im Po r ta n t r o le in s u m m e r r a in fa ll o v e r

E a s t A s ia
.

In s o m e ye a r s ,
the v a r ia t io n s o f So u th A s ia n m o n s o o n a n d So u the a s t A s ia n

m o n s o o n a r e e o he r e n t
,

b u t in s o m e o th e r y e a r s th e y a r e n o t
.

T h u s th e r e e a n b e v e r y

e o m Plie a te d e o llo e a t io n s be tw e e n th e PJ a n d IEA Pa t t e r n s ,

in a d d it io n t o th e in flu e n e e o f

th e r m a l e o n v e e tio n o v e r th e T ibe t a n P la te a u
.

T h is 15 P a r tly w h y th e P r e d ie t io n o f th e E a s t

A s ia n m o n s o o n 15 v e r y d iffie u lt
.

T he s p a t ia l s tr u e tu r e s o f th e e o r r e la tio n s im p ly th a t the IE A p a t t e r n e a n in flu e n e e th e

z o n a l P o s it io n o f N PS H w h e r e a s th e PJ Pa t te r n a ffe e t s it s m e r id io n a l P o sit io n
.

S in e e n o

sig n ifie a n t e o r r e la tio n 15 o v e r In d ia w e m ay e a ll the IE A a n im p lie it te le e o n n e e tio n p a t t e r n
.

T he n u m e r ie a l e x P e r im e n t s h o w s th a t the a n o m a lie s o f In d ia n S ST o r S o u th A s ia n

m o n s o o n r a in fa ll e a n n o t o n ly in flu e n e e th e 5 0 0 hPa he ig h t o v e r E a s t A s ia b u t a ls o

s t im u la t e a w a v e 一 zr a in p r o p a g a t in g a lo n g th e e o a s t o f N o r th P a e ifie t o N o r th A m e r ie a
.

In

a d d itio n ,
the b a r o elin ie p a t te r n p r o d u e e d by the In d ia n O e e a n S ST A e a n e x e r t s effe e ts o n

the
W

a lk e r e ir e u la t io n o v e r th e e q u a t o r
.

T he s e r e s u lt s a ll s h o w th e im p o r t a n e e o f th e

In d ia n O e e a n S S T A fo r g lo ba l e ir e u la t io n o f a tm o s p h e r e
.

W
e a ls o fo e u s o n the w a y s th r o u g h w h ie h the E N S O im p a e ts th e E a s t A s ia n

m o n s o o n
.

T h e e o r r e la t io n b e tw e e n s u m m e r S S T a v e r a g e d o v e r N in o 3 r e g io n a n d 5 0 0 hPa

he ig h t fie ld sh o w s tha t the r e 15 a s ig n ifie a n t e o r r e la t e d a r e a e o v e r e d fr o m Ja p a n t o th e

V a lle y o f Y a n g tz e R iv e r o f C h in a
.

W
e p r o p o s e d the r e a r e tw o w a ys in w hie h E N SO

in flu e n e e s the E a s t A s ia n m o n s o o n , o n e 15 a d ir e e t w a y
, a n d th e o th e r 15 a s e le e t iv e w a y

.

T h e s e r e s u lt s m a y p r o v id e a n e w fo r e e a s t in g m e tho d fo r r a in y s e a s o n r a in fall in C hin a
.

T h e m e eh a n is m o f th e IE A p a t te r n n e e d s t o b e s tu d ie d
.

T he im p a e t o f in t r a 一 s e a s o n a l

v a r ia t io n s o f the So u th A sia n a n d So u the a s t A sia n m o n s o o n o n the A sia n s u m m e r m o n s o o n

a ls o s ho u ld n o t b e ig n o r e d
.

T h e s e q u e s tio n s w ill b e d is e u s s e d in the fu tu r e
.

R E FE R E N C E S

C h e n L ie t in g a n d W
u R e n g u a n g (1 9 9 8 )

,

In te ra n n u a l a n d in t e r d e ea d a l v a r ia tio n s o f s n o w e o v e r o v e r th e

T ibe t a n P la te a u a n d th e ir r e la tio n s h iPs to s u m m e r m o n s o o n r a in fa ll in C h in a ,
in E a st A s ia n

M
o n so o n

a n d To rr
e n t ; a l R a inj 乙11 in Ch in a , e dite d b y th e In s t it u te o f A tm o sp h e r ie P hy s ie s

.

Be iji
n g

,

C h in a

M
e te o r o lo g ie a l Pr e ss ,

p p
.

2 3 0 一 2 3 9 (in C hin e s e )
.

C he n X in g fa n g a n d S o n g W
e n lin g (2 0 0 0 )

,

C ir e u la tio n a n a ly s is a s s o e ia te d w ith d iffe r e n t im p a e ts o f s n o w

e o v e r o v e r th e T ibe t a n P la te a u a n d E u r a s ia in w in te r o n s u m m e r tim e d r o u g h ts a n d flo o d s o f C h in a ,

Ch in es e

JO
u

,
a l of A tm o

sP he

rlc S c ien ce s ,

2 4 (5 )
:
5 8 5 一 5 9 2 (in C hin e se )

.

D o n g B u w e n a n d C ho u
Jif

a n (1 9 8 8 )
,

O b se r v a tio n s tu d y a n d n u m e r ie a l m o d e lin g o n s e a s o n a l v a r ia tio n s o f

s u b tr o p iea l h ig h r id g e ,

A c ta
M 亡te r o lo g ic a S in ic a ,

4 6 (3 )
:
3 6 2 一 3 6 3 (in C h in es e )

.



N 0
.

4 D A I X in g a n g
,

W A N G P in g
,

W U G u o x io n g a n d 〔了H O U Jlfa
。

4 0 9

Fa n g z hifa n g ( 1 9 8 6 )
,

In te r a c tio n b e tw e e n N o r the r n H e m isp h e r e s u b t r o p ic a l h ig h a n d p o la r s e a ie e ,

C为in e se S c ie n c e B u ll etin
,

4 : 2 8 6一 2 8 9 (in C h in e s e )
.

Hu
a n g S h is o n g a n d Y u Z h iha o ( 1 9 6 0 )

,

A s t u d y o n s tr u e t u r e o f s u b t r o p iea l hig h a n d its r e la tiv e

e ir eu la tio n ,
A c ta M

e teo ro lo g ic a S in ie a ,
3 1 (4 ) : 3 3 9 一 3 5 9 (in C h in e s e )

.

H u a n g R o n g h u i a n d L i W
e iji

n g (1 9 8 8 )
,

Im p a e ts o f th e r m a l so u r e e a n o m a ly o v e r t r o p iea l w e s te r n p a e ifie

w a rm p o o l o n E a s t A sia n s u b tr o p ie a l h ig h d u r in g s u m m e r tim e a n d it s m e e ha n is m
,

C h in ese

JO
u r n a l of

A t解 o
sP he r ic S c ie n c e s (s p e eia l is s u e )

,
1 0 7 一 1 1 6 (in C h in e s e )

.

H u a n g R o n g h u i a n d S u n Fe n g yin g (1 9 9 4 )
,

Im p a e ts o f th e th e rm a l s ta te a n d th e eo n v e e tio n a e tiv itie s in th e

t r o Pie a lw e s te r n Pa e ifie w a r m p o o l o n the s u m m e r e lim a te a n o m a lie s in E a s t A s ia
,

Ch in ese

Jo
u
o

a l of
A t水 o

sP he r ic S c ie儿 c e s ,
1 8 (2 ) : 1 4 1 一 1 5 1 (in C h in e se )

.

Li Ji
a n p in g a n d C h o u Jifa n ( 1 9 9 8 )

,

D yn a m ie a l a n a ly s is o n t he b r o k e n o f s u bt r o p ie a l h ig h
一
g e o s tr o p h ie

a e tio n ,

C丙in e se S c ie n c e B u lletin
,
4 3 : 4 3 4 一 4 3 7 (in C h in e se )

.

Liu Y im in g e t a l
.

(1 9 9 9 )
,

T h e e ffe e t o f s p e eia lly n o n 一u n ifo r m h e a tin g o n th e fo rm a tio n a n d v a r ia tio n o f

s u b t r o p ie a l hig h
,

P a r t l : L a te n t h e a tin g in e o n n e e tio n w ith S o u th A s ia n h ig h a n d w e s te r n Pa e ifie

s u b tr o Pie a l h ig h
,

A c ta M七t
e o r o le g ic a S in ic a ,

5 7 (5 ) : 5 2 5 一 5 3 8 (in C h in e s e )
.

M
ee hl

,

G
.

A
.

(1 9 9 4 )
,

C o u p le d la n d
一o e e a n 一a tm o s ph e r e p r o ee s s e s a n d S o u th A sia n m o n s o o n v a ria bility

.

S e ie n c e ,
2 6 5

:
2 6 3 一 2 6 7

.

M
ee h l

,

G
.

A
.

(1 9 9 7 )
,

T he S o u th A s ia n m o n s o o n a n d th e tr o p o sp h e rie bie n n ia l o se illa tio n ,

J
.

C lim a te ,

10
:

1 9 2 1一 1 9 4 3
.

N itt a ,

T
.

(1 9 8 7 )
,

C o n v e e tiv e a e tiv ities in th e t r o p ie w e s te r n Pa e ifie r e g io n ,

J
.

材七te
o r

.

Soc
.

了口户a n ,
6 5 :

3 7 3一 3 9 0
.

N it t a ,

T
.

( 1 9 9 0 )
,

U n u s u a l s u m m e r w e a th e r o v e r
J

a p a n in 1 9 8 8 a n d its r e la tio n s h ip to th e tr o p ie s ,
J

.

M
召te o r

.

S o e
.

JaP
a 刀 ,

6 8
:

5 7 5一 5 8 7
.

Slin g o ,

J
.

M
.

a n d A n n a m a la i H
.

(2 0 0 0 )
,

T he E I N in o o f t he e e n tu ry a n d th e r e s p o n s e o f th e In dia n

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

材云
n

.

W
ea

.

R e v
. ,

1 2 8 : 1 7 7 8一 1 7 9 7
.

T a o S iya n g a n d X u S h u y in g (1 9 6 2 a )
,

C ire u la tio n C h a r a e te rist ie s o f p e r s is te n t s u m m e r d r o u g h ts a n d flo o d s

o v e r th e v a lle y o f Y a n g t z e a n d H u a ih e R iv e r ,

A c ta 材
e teo

ro lo g ic a S in ic a ,
3 2 (l ) : l 一 1 0 (in

C hin e s e )
.

T a o S iya n ,

X u S h u yin g a n d G u o
Q iyu n (1 9 6 2b )

,

M
e r id io n a l a n d z o n a l eir e u la t io n o v e r E a s t A s ia n tr o p ie a l

a n d s u b t r o p ie a l re g io n s ,
A c ta M七t

e o r o lo g ic a S in ic a ,
3 2 (l )

:
9 1 一 1 0 2 (in Ch in e s e )

.

T o r r e n ee ,

C
.

a n d W
e b s te r ,

P
.

J
.

( 1 9 9 8 )
,

T h e a n n u a l e ye le o f p e r s is t e n e e in th e E I N in o 一

S o u th e r n

O s e illa t io n ,

Q u a rt
.

J
.

R 叮
.

材
亡te o r

.

S o c
. ,

1 2 4
:
1 9 8 5 一 2 0 0 4

.

W
a n g Bin a n d F a n Z h e n (1 9 9 5 )

,

O n e h o iee o f dy n a m ie a lly e o h e r e n t S o u th A s ia n su m m e r m o n s o o n in die e s ,

in E a st A sia n 五少石n s o o n a n d T o r re n tia l R a i双fhll in C h in a , e dite d b y th e In s t it u te o f A tm o s p he r ie

Ph ys ie s
.

B e ijin g
,

C hin a
M

e te o r o lo g iea l P r e s s ,
p p

.

1 7 0 一 1 8 3 (in C hin e s e )
.

W
e b s te r ,

P
.

J
.

a n d Y a n g S o n g (2 9 9 2 )
,

M o n s o o n a n d E N SO : S e le e tiv e ly in te r a e tiv e sy s te m s ,

Q u a rt
.

J
·

R 卿
.

S o c
. ,

1 1 8
:
8 7 7一 9 26

.

W
e i Z hig a n g a n d L u o S iw e i (1 9 9 3 )

,

Im p a et o f s n o w e o v e r in W
e s t C h in a o n r a in y s e a so n r a in fa ll o f C hin a ,

P la tea u
M

ete o rol o

gy
,

1 2 (4 ) : 2 4 7 一 2 5 3 (in C hin e s e )
.

W
u G u o x io n g a n d Z ha n g X u e ho n g (1 9 9 7 )

,

L A SG g lo ba l o ee a n 一a tm o s p h e r e 一

Ia n d m o d e l (G OA L S / LA S G )

a n d sim u la tio n s ,
月户户lied M

eteo ro lO舒
,

8 : 1 5一 2 8 (in C h in e s e )
.

W
u G u o x io n g a n d L i W

e ip in g ( 1 9 9 7 )
,

T h er m a l P u

mP i刀9 ov
er T ib e ta n P la te a u a n d A sia 九 材d n s o o n ,

in

F e stsch r

lft of Z ha o J iu z h a n g
, e d ite d by Y e D u z h e n g

,
B e iji

n g
,

Se ie n e e P r e s s ,
p p

.

1 1 6 一 1 2 6 (in

C h in e se )
.

W
u G u o x io n g e t a l

.

(1 9 9 5 )
,

T he m o d ifie a tio n o f r a d ia tio n e ffe e t o f s n o w m e lt s o o n e r o r la te r o n the

s e a s o n a l v a ria tio n in t he T ib e t a n Pla te a u ,

G a n su
M

‘te o
ro lo舒

,
6 5 : 3 7 3 一 3 9 0 (in C h in e se )

.

W
u G u o x io n g e t a l

.

(1 9 9 8 )
,

T h e e ffe e t o f s p e e ia l n o n 一 u n ifo rm he a t in g o n th e fo r m a tio n a n d v a r ia t io n o f

s u b t r o p ie a l hig h
,

Pa r t l
: s e a le a n a lys is

,

A c t a
M

ete o r o lo g ic a S in ic a ,
5 7 (3 )

:
2 5 7 一 2 6 3 (in C h in e se )

.
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1 8

X ie
,

P
.

P
.

a n d A r k in
,

P
.

A
.

( 1 9 9 6 )
,

A n a lys is o f g lo ba l m o n th ly p r e e ip it a tio n u s in g g a u g e o bs e r v a t io n s ,

s a te llite e s tim a te , a n d n u m e r ie a l m o d e l P r e d iet io n s ,

J
.

Cl im a te ,

9 : 8 4 0 一 8 5 8
.

Z ha n g Q in yu n ( 1 9 9 8 )
,

R e la tio n s h ip s be t w e e n the E a s t A s ia n m o n s o o n a n d In d ia n m o n s o o n in s u m m e r ,

五口“ A sia 。 材d n s o o n a n d To 、
n tia l R a inj 泛11 in Ch in a , e dite d b y th e In s tit u te o f A tm o s p h e r ie

P hy s ie s
.

Be iji
n g

,

C h in a
M e te o r o lo g iea l P r e s s ,

p p
.

2 6 6一 2 7 3 (in C hin e se )
.

Z ha o Z h e n g u o a n d C he n G u o zh e n (1 9 9 5 )
,

T h e e a u s e a n d fo r e e a s t o f lo n g te rm e h a n g e o f th e lo n g itu d in a l

p o s it io n o f w e s te r n Pa e ifie s u b tr o p ie a l h ig h in e a r ly s u m m e r ,

Jo
u r n a l Of T r

OP ic a l M七t
e o

ro lo舒
,

1 1

(2 )
:
2 2 3 一 2 2 9 (in C h in es e )

.

Z ha o Z h e n g u o (1 9 9 9 )
,

S u m m e r D r o u g h t a n d F lo o d in C h in a a n d A m bien t F ie ld
,

13e ijin g
,

C hin a

M
e te o r o lo g ie a l P r e s s ,

p p
.

4 4 一 5 0 (in Ch in e s e )
.


