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T H E R O L E O F T R O PIC A L C O N V E C T IO N IN V A R IA T IO N O F

IN T R A SE A SO N A L T E L E C O N N E C T IO N S O F T R O PIC A L

A N D E X T R A T R O P IC A L C IR C U L A T IO N S

Y u B in (余 斌 ) a n d H u a n g R o n g h u i (黄荣辉 )

In s tit u te o f A tm o s p h e rie P h ysie s
,

C hin e s e A e a d e m y o f S e ie n e es
,

B e iii
n g 1 0 0 0 8 0

R e e e iv e d Ju ly 2 8
,

1 9 9 4 ; r e v l se d S e p t e m be r Z
,

1 9 9 5

A BS T R A C T

B a s e d o n E CMW F o b ] e e tiv e a n a lys is d a t a
,

t he r e la tio n sh ip s be tw e e n t r o p ie a l e o n v e e tiv e a e tiv i
-

tie s a n d e x t r a t r o Pie a l e ir e u la tio n a s w ell a s the lo w fr e q u e n e y k in e tie e n e r g y
,

h a v e be e n in v e s tig a t -

ed by m a k in g u s e o f d ia g n o s tie a n a lys is m e th o d s o n th e in t r a s e a s o n a l t im e s e a le in w in te r s o f 1 9 8 3 /

1 9 8 4 a n d 1 9 8 6 / 1 9 8 7
,

F r o m th is s t u dy
.

it 15 fo u n d th a t th e diffe r e n t in t e n sitie s o f th e t r o p ie a l e o n -

v e e tiv e a e tiv it ie s m a y br in g a b o u t b o t h th e d iffe r e n t in t r a s e a s o n a l t e le eo n n e e tio n w a v e t r a in s be -

tw e e n t he t r o p ies a n d th e e x t r a t r o p ie s a n d th e diffe r e n t d is p e r s io n s o f th e lo w fr e q u e n ey w a v e e n e r -

g y
.

M
o r e o v e r

,

th e t r o p iea l eo n v e e tio n e a n be a n im p o r t a n t j
u n et io n fa e t o r fo r the t e le eo n n e e tio n e f

-

fe e t o f th e t r o p ie a l a n d e x t r a t r o Pie a l e ir e u la t io n s o n th e in t r a s e a s o n a l t im e s e a le
.

K e y w o r d s 3 0 一 6 0 d a y lo w fr e q u e n e y d o m a in
,

t r o p iea l e o n v e e tiv e a e tiv itie s
,

a tm o s ph e r ie e ir e u la
-

tio n
,

lo w fr e q u e n e y kin e t le e n e r g y

1
.

IN T R O D U C T IO N

M a n y m o d e llin g r e s u lt s in d ie a t e tha t in t e r a e t io n b e t w e e n th e tr o p ie s a n d the e x t r a t
-

ro p ie s p la ys a n im p o r t a n t r o le in th e g lo b al a t m o s p h e r e o n th e in tr a s e a s o n a l t im e s e a le

(Lim a n d C h a n g 1 9 8 3 : Sim m o n s 1 98 2 )
.

M o r e o v e r the r e la t io n be tw e e n th e e x t r a t r o p ie a l

e ire u la tio n a n d the t r o p ie a l e o n v e e t io n o n in t r a s e a s o n a l t im e s e a le w a s a ls o elo s e ly s t u d ie d

by m e a n s o f th e e o r r ela t iv e a n a ly s is s k lll (L ie bm a n n a n d H a r t m a n n 1 9 8 4 : L a u a n d Ph illiPs

1 9 8 6)
.

B a s e d o n the o u t g o in g lo n g w a v e r a d ia t io n (O L R ) a n d 5 0 0 hP a g e o p o te n tia l h e ig h t

d a ta
,

s e le e t in g the 1 0 一 9 0 d a y fr e q u e n e y b a n d
,

it w a s fo u n d th a t the r e e x is ts a s tr o n g e f
-

fe e t o f the e x t r a t r o p ie a l d is t u r b a n e e o n th e t r o p ie a l s y s t e m 二 a n d a w e a k e ffe e t o f t he t r o p i
-

e al sy s t em o n th e e x t r a tr o p ie a l o n e
,

e s p e e ia lly o n r e la t iv ely s ho r t t im e s e a le (L ie bm a n n

a n d H a r t m a n n 1 9 8 4 )
.

H o w e v e r
,

r e s u lt s d e s e r ib e d by L a u a n d Ph illip s (1 9 8 6 ) s ho w th a t

the r e e x is t s th e e o he r e n t v a r ia tio n fo r t he d e v e lo p m e n t o f th e e x t r a tr o p ie a l w a v e t r a in s a n d

the t r o p ie a l e o n v e e t io n fr o m a n a ly z in g th e d a ta in n e a r ly th e s a m e p e r io d a n d t a k in g th e 2 0

一 7 0 d a y fr e q u e n e y b a n d by m a k in g u s e o f the b a n d p a s s filt e r
.

T h e m o s t a e tiv e t r o p ie a l

e o n v e e t iv e a e tiv it ie s o e e u r in t he In d ia n O e e a n a n d the M id
一

Pa e ifie r e g io n s : m e a n w hile
,

th e e x t r a t ro p ie a l e ir e u la tio n s ha v e t he lo w fr e q u e n e y e h a r a e t e r is tie s o f th r e e w a v e t r a in s

a n d e o r r e s p o n d in g ly s t a tio n a r y w a v e g u id e s
,

w h ie h a r e lo e a t e d in the e x tr a t r o p ie s
.

B e -

e a u s e o f the s t a t io n a r y e ha r a e t e r is t ie s o f th e lo w fr e q u e n e y v a r ia t io n s o f t he tr o p ie a l a n d

e x tr a t r o Pie a l sys te m s
,

t he y m a y b e e o n s id e r e d a s the n o r m a l m o d e s in b o th th e t r o Pie s a n d

the e x t ra t r o p ie s
,

a n d the m o d e s m a y e o u p le w ith th e s ta t io n a r y w a v e g u id e s (W
a n g
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.

Co m p a r in g th e r e s u lt s o f L ie b m a n n a n d H a r tm a n n a n d L a u a n d P hillip s
,

it 15 fo u n d

tha t th e r e m a r k a ble d iffe r e n e e e x is ts in in t ra s e a s o n a l in t e r a e t io n eh a r a e t e r is t ie s o f e ir e u la
-

tio n s be tw e e n the t r o p ie s a n d th e e x t r a t r o p ie s
.

T his m a y be e a u s e d by the d iffe r e n t fr e -

q u e n ey b a n d s o f the d a ta
.

It 15 a p r o ble m n e e d in g t o b e fu r the r e x p lo r e d
.

W it h r e g a r d t o

the im p o r t a n t r o le o f the 3 0 一 6 0 d a y p e r io d ie lo w fr e q u e n e y o s e illa t io n (L FO ) in th e g lo b a l

a tm o sPhe r e
,

it 15 o f im P o r t a n e e t o d is e u s s th e te le e o n n e e tio n b e tw e e n th e t r o p ie a l a n d the

e x t r a t r o p ie a l e ir e u la t io n s o n t h is tim e s e a le
.

A s d e s e r ib e d in Y u a n d H u a n g (1 9 9 4 )
,

t h e r e e x is t s a s ig n ifie a n t in t e r a e t io n b e tw e e n

th e t r o p ie a l a n d the e x t r a t r o p ie al e ir e u la t io n s o n the in t r a s e a s o n a l tim e s e a le
.

M o r e o v e r
,

th is in t e r a e t io n elo s ely r e la t e s t o the t r o Pie a l e o n v e e t iv e a e t iv it ie s
.

H o w e v e r w e w o n d e r

w h e t h e r th e in t e r a n n u a l eh a n g e o f th is in tr a s e a s o n a l in t e r a e t io n e x is t s in th e a s p e e t o f

b a r o t r o p ie a l t ele e o n n e e t io n
.

F u r th e r m o r e
,

w e w o n d e r w h e th e r the e ha n g e e o n n e e t s w ith

the v a r ia t io n o f the t r o p ie a l e o n v e e t iv e 乒e t iv it ie s
.

M e a n w h ile
,

m o s t r e e e n t r e s e a r e he s s h o w

tha t the t r a n s p o r t a t io n o f the L FO p e r t u r ba t io n a l e n e r g y 15 th r o u g h t h e tw o d im e n s io n a lly

d is Pe r s iv e R o s sb y w a v e s
.

T h e n
.

w e m a y a s k w h e th e r th e t r a n s p o r t a tio n r ela t e s t o th e

v a r ia t io n o f the t r o Pie a l e o n v e e t iv e a e tiv it ie s
.

T ho s e a r e a ls o the p r o b lem s n e e d in g t o b e

e x Plo r e d
.

T h e w in t e r o f 1 9 8 3 / 1 9 8 4 w a s in t he r e s u m e d p ha s e o f th e s t r o n g E I N in o e y ele o f

1 9 8 2 / 1 9 8 3
,

a n d th e w in te r o f 1 9 8 6 / 1 9 8 7 w a s in th e o u tb u r s t p h a s e o f a n o th e r E IN in o e y
-

ele
.

F r o m a n a ly s in g the o u tg o in g lo n g w a v e r a d ia tio n (O L R ) d a ta a n d th e v a r ia t io n o f SS T

in the e a s te r n Pa e ifie N in o 3 r e g io n
,

w e fin d th a t th e r e e x is t e d r e rn a r k a b le d iffe r e n e e s in

th e t r o p ie al e o n v e e t iv e a e t iv itie s b e tw e e n w in t e r s o f 1 9 8 3 / 1 9 8 4 a n d 1 9 8 6 / 1 9 8 7 (Y u 1 9 9 3 )
.

T h e t r o p ie al e o n v e e t iv e a e t iv it ie s o f the la t t e r a r e s tr o n g e r tha n t h o s e o f th e fo r m e r
,

e s p e -

e ia lly in the m id w in te r
.

T h e r efo r e
,

th e O L R field a n d t h e 5 0 0 hPa w in d s a n d p o t e n t ia l

h e ig h t d a t a fr o m E CM W F in th e tw o w in t e r s a r e a n a ly
z e d in the p r e s e n t s t u d y : m e a n -

w h ile
,

t h e b a n d p a s s filte r e d s k ill 15 u s e d to d e r iv e t h e 3 0 一 6 0 d a y p e r io d ie e o m p o n e n t (K r -

ish n a m u r t i a n d G a d g il 1 98 5 )
,

a n d the d ia g n o s t ie a n a ly s is m e t ho d 15 e m p lo ye d t o in v e s t i
-

g a t e the P ro ble m s m e n t io n e d a b o v e
.

M o r e o v e r
,

the w o rd s “

lo w fr e q u e n e y
” u s e d in th 一5 P a -

Pe r m e a n th e “

3 0 一 6 0 d a y p e r io d ie lo w fr e q u e n ey e o m p o n e n t
” .

11
.
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In o r d e r t o s ho w the r e la tio n be tw e e n t h e e x t r a t r o p ie a l s t a t io n a r y w a v e s a n d th e t r o P
-

ie al e o n v e e t iv e a e t iv it ie s
,

th e e o r r ela t io n s b e tw e e n th e lo w fr e q u e n ey g e o p o t e n t ia l h e ig h ts

a t e v e r y g r id P o in t in th e 2 0 一 6 0
0

N
z o n e a t 5 0 0 h Pa a n d th e O L R v a lu e s a t e v e r y g r id p o in t

in th e t r o p ie a l 1 0
0

5 一 IO
o

N z o n e a r e e a le u la t e d
.

In m o r e d e ta il
,

th e m a x im u m n e g a t iv e e o r -

r e la t io n b e tw e e n the g e o p o t e n t ia l h e ig ht v a lu e a t e a eh g r id p o in t a n d the O L R field 15 p lo t -

t e d a t e v e r y e o r r e s p o n d in g g r id p o in t o f the g e o p o t e n t ia l he ig ht s : m e a n w h ile
,

the m a x i
-

m u m n e g a t iv e e o r r e la t io n b e tw e e n th e O L R v a lu e a t e a eh g r id p o in t a n d th e 5 0 0 hPa

g e o p o t e n t ia l h e ig ht field 15 p lo t t e d a t th e e o r r e s p o n d in g g r id p o in t o f the O L R fie ld
.

F ig u r e

l s ho w s the e o r r e la t io n r e s u lts fr o m D e o
.

t o th e fo llo w in g F eb
.

in w in te r s o f 1 9 5 3 / 1 9 8 4

a n d 1 9 8 6 / 1 9 8 7
.
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T h e
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l: e g a t l v e e o r r e la t io n b e tw e e n t he ( ) L R fl e ld I n t h e t r o p l e s a n d t h e

h e ig h t fie ld a t 5 0 0 h Pa I n rh e e x t r a t r o p le s
.

(a ) D e e
.

1 9 8 3 t o Fe b
.

1 9 8 4 : (b ) D e e
.

1 9 8 7
.

g e o P o t e n t ia l

1 9 8 6 to Fe b
.

It e a n b e fo u n d t ha t t h e r e e x is t t hr e e p r o n o u n e e d w a v e t r a in s in th e t r o p i e s a n d t h e

e x t r a t r o p i e s e o n n e e t e d b y t h e r e la t iv e ly h ig h e o r r e la t iv e v a lu e e e n t r e s in t h e t w o w in t e r s
.

T h e y a r e t h e E U P p a t t e r n fr o m t h e E u r a s la n C o n t in e n t t o t h e Pa e lfi e O e e a n
,

t h e PN A p a t
-

t e r n fr o m th e Pa e ifi e O e e a n t o N o r t h A m e r ie a a n d t he N A p a t t e r n in t he n o r t he r n A t la n t i e

O e e a n r e g io n
.

T he s e r e s u lts r e s e m ble t o t ho s e d e s e r i b e d by L a u a n d P hillip s ( 1 9 8 6 )
.

M o r e o v e r
,

t he m a in d iffe r e n e e s b e t w e e n t h e tw o w i n t e r s a r e : ( 1 ) t h e m o r e p r o n o u n e e d

w a v e t r a in s e x is t e d I n t h e w in t e r o f 1 9 8 6 / 1 9 8 7 (F ig
.

lb ) ; ( 2 ) t h e m a x im u m n e g a t iv e e o r -

r e la t io n i n e a s r e r n A S ia a n d th e P a e ifie O e e a n in t h e w in t e r o f 1 9 8 6 / 1 98 7 w a s m a i n ly o n t he

m id
一

Pa e ifie
,

it w a s lo e a t e d e a s t w a r d s i n e o m p a r 一s o n w i t h t h e m a x im u m n e g a t iv e e o r r e la
-

t io n o n t he t r o p ie a lw e s t e r n P a e ifi e in t h e w in t e r o f 1 98 3 / 1 9 8 4
.

T h is a ls o r e la t e s t o t h e d is
-

t r ib u t iv e e h a r a e t e r ls t ie s o f t h e O L R fie ld (Y u a n d H u a n g 1 9 9 4 )
.

A n o t he r fe a t u r e e a n b e s e e n in F ig
.

1 1 5 th a t th e m a x im u m n e g a tiv e e o r r e la t iv e e e n t e r s

i n th e t r o p ie s a r e lo e a t e d t o n o t o n ly t he e a s t b u t a ls o t he w e s t o f th e e o r r e s p o n d in g e e n t e r s

in t he e x t r a tr o p i e s
.

T h a t 15 t o s a y
,

t he r e e x is t b o th t h e m e r id io n a l a n d z o n a l e n v e lo p e v e -

lo e it i e s o f t he s t a t io n a r y R o s s by w a v e s
.

A s 15 w e ll k n o w n
,

t h e t e le e o n n e e t io n m e n t io n e d

a bo v e m a in ly m e a n s th e t r a n s p o r t a t io n o f lin e a r R o s s b y w a v e s ,

5 0 rh e s ig n ifi e a n t t e le e o n -

n e e t io n in Fig
.

1 i n d i e a t e s t h e in t e r a e t io n b e t w e e n t h e t r o p ie s a n d th e e x t r a t r o p i e s
.

M o r e o v e r
.

t h e in t e r a e t io n i n t he w in t e r o f 1 9 8 6 / 1 9 8 7 w a s r e la t iv e ly
s t r o n g

.
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Fr o m th e p r e e e d in g a n a ly s e s
,

the tr o p ie a l w e s te r n P a e ifie 1 2 0
0

E a n d th e M id
一

Pa e ifie

1 8 0
0

E m a y b e e o n sid e r e d a s th e ty p ie a l r e g io n s o f th e a e tiv e t r o p ie a l e o n v e e t iv e a e t iv it ie s in

th e w in t e r s o f 1 9 8 3 / 1 9 8 4 a n d 1 9 8 6 / 1 9 8 7
.

T h e in te r a e tio n eh a r a e t e r is tie s in th e tw o m id
-

w in t e r s
,

s a y D e e
.

t o the fo llo w in g F e b
. ,

a r e s t u d ie d fu r th e r by m e a n s o f th e la g e o r r e la
-

t iv e sk ill
.

Fig u r e 2 sh o w s th e la g e o r r e la t io n b e tw e e n th e lo w fr e q u e n ey g e o p o t e n t ia l he ig h t in

(1 5 一 6 0
0

N ) a n d th e r e g io n a l m e a n OL R in (1 0
0

5 一 IO
o

N
,

9 0 一 1 3 0
0

E ) fr o m D e e
.

1 9 8 3 t o

Fe b
.

1 9 8 4
.

It e a n b e s e e n tha t w he n th e e x t r a tr o p ie a l g e o p o te n tia l he ig h t 15 6 d a ys ah e a d

o f the tr o p ie a l e o n v e e t iv e a e t iv itie s (d e n o t e d a s D a y 一 6 )
,

th e m a in w a v e t r a in 15 th e E U P

p a t te r n w ith e n e r g y a p p a r e n tly p r o p a g a tin g fr o m the E u r a s ia to the w e s t e r n a n d m id d le

Pa e ifie
.

T h e p r o p a g a t io n 15 in d ie a t ed s u b ie e t iv e ly b y the d ir e e t io n o f the a r r o w e o n n e e t in g

th e in d iv id u a l e e n te r s
.

T h is w a v e t r a in s u g g e s t s tha t the e n e r g y p r o p a g a t e e q u a to r w a r d s

a n d e a s tw a r d s
.

In th e D a y一 0 p a tt e r n
,

the E U P p a t t e r n s t ill e x is t s
.

M o r e o v e r t he r e a p
-

p e a r s th e PN A p a t te r n w ith e n e r g y p r o p a g a t io n fr o m M id
一

Pa e ifie t o N o r th A m e r ie a in t he

W
e s te r n H e m is p he r e a n d t he N A p a tt e r n in th e n o r th e r n A tla n t ie

.

T h a t 15 t o s a y
,

t he e n -

e r g y t r a n sfe r s fr o m the M id
一

Pa e ifie in the t r o p ie s
,

w h ie h r e la t e s t o th e tr o p ie a l he a tin g r e -

g io n
,

t o th e e x t r a tr o p ie s
.

A ft e r tha t
,

th e a n o m a lo u s w a v e t r a in in the E a s t A s ia w e a k e n s

a n d s hift s e a s tw a r d s
,

a n d th e PN A a n d N A P a tt e r n s t u r n in t o th e d o rn in a n t w a v e t r a in s

(s e e D a y + 6 in Fig
.

Ze )
.

T he fe a tu r e p e r s is ts t ill D a y十 1 2 (fig u r e o m it te d )
.

Fu r the r m o r e
,

o w in g t o th e e n e r g y p r o p a g a t io n fr o m th e W e s te r n t o th e E a s t e r n H e m is p he r e s thr o u g h

the N A p a t te r n
,

the E U P p a t te r n s t r e n g the n s o n e e a g a in in th e E a s t e r n H e m is p he r e s
,

a n d

the PN A p a tt e r n w e a k e n s in th e
W

e s t e r n H em is p h e r e (s e e D a y + 1 6 in F ig
.

Zd )
.

T he D a y

+ 1 6 p a t te r n 15 s im ila r t o th a t in D ay 一 6 b u t w ith th e s ig n r e v e r s e d
,

m e a n in g tha t th a t a

ha lf e yele o f the p ha s e v a r ia tio n o f th e w a v e t r a in s ha s u n d e r g o n e
.

Fig u r e 3 s ho w s th e la g e o r r e la t io n b e tw e e n th e lo w fr e q u e n e y g e o p o t e n t ia l h e ig ht in

(1 5 一 6 0
0

N ) a n d t he r e g io n a l m e a n O L R in (10
0

5 一 IO
o

N
,

1 7 0
0

E 一 1 6 0
0

W ) in D e e
.

1 9 8 6 t o

Fe b
.

1 9 8 7
.

In D a y 一 6
,

th e E U P p a tt e r n 15 the Pr o n o u n e e d w a v e tr a in
,

a n d ho w e v e r
,

th e r e als o a p Pe a r s the PN A Pa t t e r n in t h e
W

e s t e r n H e m isPhe r e
.

T h is d iffe r s fr o m tha t in

th e w in t e r o f 1 9 8 3 / 1 9 8 4
,

a ltho u g h it 15 n o t 5 0 s t r o n g a s th e E U P p a t t e r n in th e E a s te r n

H e m is p he r e
.

A fte r tha t t he w a v e t r a in in the
W

e s te r n H e m is p h e r e s t r e n g th e n s w ith it s

p r o p a g a t io n e a s tw a r d s
,

a n d the w a v e t r a in in the E a s t e r n H e m isPhe r e w e ak e n s w ith it s

p r o Pa g a t io n e a s tw a r d s (s e e D a y 0 in F ig
.

3b ) : m e a n w hile
,

th e r e o e e u r s the N A P a t te r n in

the n o r th e r n A t la n t ie
.

F u r th e r m o r e
,

t he E U P p a t te r n d e v elo p s g r a d u a lly w it h th e N A

p a t te r n t r a n sfe r r in g it s e n e r g y e a s tw a r d s (s e e F ig
.

3e )
.

T he D a y + 1 2 p a t t e r n 15 s im ila r t o

tha t in D a y一 6 b u t w ith t he s ig n r e v e r s e d
,

m e a n in g th a t a ha lf ey ele o f the p h a s e v a r ia t io n

o f the w a v e t r a in s h a s u n d e r g o n e
.

R e s u lt s fr o m th e a b o v e 一

m e n t io n e d e o r r e la t io n s b e tw e e n th e lo w fr e q u e n ey e x t r a t r o p i
-

e al g e o p o te n tia l h e ig ht s a n d the t r o p ie a l O LR s in the tw o w in te r s sh o w th a t th e r e e x is t

th r e e P r o n o u n e e d w a v e t r a in s fr o m E u r a s ia a e r o s s the P a e ifie to th e A tla n t ie a r o u n d the

N o r th e r n H e m is Phe r e in th e in t r a s e a s o n a l 3 0 一 6 0 d ay p e r io d ie d o m a in :
(1 ) the E U P
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p a t t e r n
,

w h ieh m a in ly tr a n sfe r s e n e r g y to the m a r itim e e o n t in e n t a n d th e rn id d le a n d w e s t
-

e r n Pa e ifie in the tr o p ie s ; (2 ) the PN A p a t te r n
,

w hie h t ra n s fe r s e n e r g y fr o m M id
一

Pa e ifie

in th e t r o p ie s t o t h e e x t r a tr o p ie s a n d (3 ) the N A p a tt e r n
,

w hieh r e a liz e s t he e n e r g y t r a n s -

fo r m a tio n in the
W

e s t e r n a n d the E a s te r n H em is p h e r e s
.

M o r e o v e r
,

th e t ele e o n n e e t io n s

b e tw e e n t he tr o p ie s a n d th e e x t r a tr o p ie s a ls o sh o w th e ir d iffe r e n e e s in the tw o w in t e r s
.

T h e m o r e s ig n ifie a n t te le e o n n e e tio n s o f the w a v e t r a in s a p p e a r in the w in t e r w he n the t r o p
-

ie a l e o n v e e t iv e a e tiv it ie s a r e r ela t iv e ly a e t iv e
.

T h is illu s t r a te s o n e e a g a in tha t the tr o p ie a l

e o n v e e t io n e a n b e a n im Po r ta n t iu n e t io n fa e to r fo r the in t r a s e a s o n a l in t e r a e tio n b e t w e e n th e

t r o p ie a l a n d th e e x t r a t r o p ie a l e ir e u la t io n s (Y u 1 9 9 3 )
,

F u r the r m o r e
,

a lth o u g h th e w a v e

1 8 0 1 sf)

9 ()
o

E {人}、 一 6 9 《)
。

E l卜I v 一 0

9〔)
6

W

1 8 犷)

1 8 0

9 0
O

E 1 J y + 1 6

9 0
6

E L, 若. y十 6

Fig
.

2
.

T he la g e o r r e la t io n be tw e e n th e lo w fr e q u e n e y g e o p o t e n tia l h e ig h t in (1 5 一 6 0
0

N ) a n d th e r e g xo n -

a l m e a n O L R in (1 0
0

5 一 1 0
o

N
,

9 0 一 1 3 0
0

E ) in D e e
.

1 9 8 3 t o Fe b
.

1 9 8 4
.
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.

1 0

1 8 () 1 8 〔)

9 0
O

E 1场 v 一 6 9 0
o

E 1 上 v 一 O

{
“。 1 8 0

9 0
O

E D 井 + 12

F ig
.

3
.

A s in F ig
.

2
,

e x e e p t fo r th e r e g zo n a l m e a n O LR in (1 0
0

5 一 lo
o
N

,

1 7 0
0

E 一 1 6 0
0

w ) a n d in th e w in
-

te r o f 1 9 8 6 / 1 9 8 7
.

e n e r g y e a n tr a n sfe r be tw e e n the t r o p ie s a n d the e x t r a t r o p ie s th r o u g h the E U P a n d PN A

p a t t e r n s
,

th e r e e x is t s a s ig n ifie a n t b
re a k in th e w a v e t r a in s in M id

一

Pa e ifie in the t r o p ie s
.

R e s u lt s fr o m W
e b s te r a n d C ha n g (1 9 8 8 ) in d ie a te th a t t he w a v e e n e r g y m a y a e e u m u la t e in

th e t r o p ie s a n d d i
s p e r s e t o the e x t r a t r o p ie s o n a e e o u n t o f t h e n e g a t iv e e x te n s io n o f t h e z o n -

a l flo w a lo n g the e q u a t o r
.

H o w e v e r
,

th is r e s u lt w a s o b t a in e d fr o m t he s t u d ie s o n th e r e la
-

t iv e ly lo n g t im e s e a le w hie h d id n o t e x p la in the r e a s o n o f th e e n e r g y t r a n s fo r rn a t io n in t h e

e q u a to r
.

T h e r efo r e
,

a fu r the r s t u d y 15 n e e d e d o n th e
‘ ’

b r e a k
’

in th e w a v e t r a in s b u t w ith

th e e n e r g y p r o p a g a t lo n in t he t r o p ie s o n the in t r a s e a s o n a l t lm e s e a le
.
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.

1 T H E R O L E OF T H E T R O PIC A L C O N V E C T IO N

IV
.

E X P R E S S IO N ()F L O W F R E Q U E N C Y W A V E E N E R G Y T R A N S FO R M A T IO N B E T W E E N

T R O P IC S A N D E X T R A T R O P IC S

Fo llo w in g Plu m b (1 9 8 5 )
,

t h e ho r iz o n t a l e o m p o n e n t

t io n a r y w a v e s in t he q u a s i
一

g e o s t r o p hie a p p r o x im a tio n 15 a s

o f th e e ffe e t iv e flu x o f t h e s t a -

fo llo w s :

司
F :
一 象

。 s *厂(v’2
工 O \

1 刁

2门a s in Z沪

(U 中
‘

孤
)i 十 (一 乙厂

‘

V
‘

+
l 刁

2月a s in Z沪

(U必

孤

w h e r e “‘”

rn e a n s th e d e v ia t io n fr o m th e te m p o r a l a n d z o n al m e a n s : P 。 e q u a ls 1 0 0 0 hPa ; a

15 th e e a r th r a d iu s
.

T he o th e r n o t a t io n s a r e e o n v e n t io n a l
.

T he flu x F s in d ie a t e s th e d ir e e -

t io n o f t h e e n v e lo p e v elo e it y o f the lin e a r
R o s s b y w a v e o f t h e t e m p o r a l m e a n in ho m o g e -

n e o u s flo w
,

w h ieh e a n b e a u s e fu l a n a ly s is to o l in in v e s t ig a tin g th e e ffe e t o f the te m p o r a l

m e a n in h o m o g e n e o u s d is tu r b a n e e a n d t he e n e r g y p r o p a g a t io n (L iu 1 9 9 2 )
.

Fig u r e 4 sh o w s th e Ja n u a r y m o n t h ly m e a n lo w fr e q u e n e y Fs in the w in t e r s o f 1 9 8 4 a n d

1 9 8 7
,

w h e n th e m o s t a e tiv e t r o p ie a l e o n v e e t iv e a e t iv it ie s a p p e a r e d
.

T h e m a x im u m m o d e s

o f FS w e ll r e la te to the m a x im u m r e g io n s o f t h e lo w fr e q u e n e y k in e tie e n e r g y
.

It 15 a ls o a

r e a s o n fo r e x p la in in g th e fo r m in g m e e h a n is m o f t h e lo w fr e q u e n ey kin e t ie e n e r g y by m e a n s

o f th e b a r o t r o p ie in s t a bilit y rh e o r y o f t he z o n a l in h o m o g e n e o u s
flo w (Y u 1 9 9 3 )

.
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0 6 0 o

E 1 2 0 1 80 1 2 0 6 0
0

W

F ig
.

4
.

M
o n t h ly 1ll e a n lo w fr e q u e n e y F s

hP a
.

w irh u n i r in m 一 2 5
伍 )

a n d t he p e r t u r ba t io n a l kl n e t i e e n e r g y in m id 一

la t it u d e s a t 5 0 0

Ja n .

1 9 8
‘

要 ( b ) Ja n
.

1 9 8 7
.
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1 0

M o r e o v e r
,

the in t r a s e a s o n a l in t e r a e tio n b e tw e e n th e t r o p ie s a n d th e e x t r a tr o p ie s in th e P a -

e ifie O e e a n r e g io n 15 s t r o n g e r in Ja n
.

1 9 8 7 th a n tha t in Ja n
.

1 9 8 4
.

T h is e a n b e s e e n n o t o n -

ly in th e tn o d e s o f the F s
in the m id d le a n d e a s t e r n Pa e ifie

,

w h ie h in d ie a te th e tr a n s fo r m a -

t io n s o f th e e n e r g y to th e ir s o u th e a s t a n d n o r th e a s t p a r t s
,

b u t a ls o in the r e g io n n e a r 1 5 0
0

E

(t he lit t le b o x in F ig
.

4 )
,

w he r e t he lo w fr e q u e n ey effe e t o f th e e x t r a tr o p ie s o n th e tr o p ie s

15 a ls o s tr o n g e r in Ja n
.

1 9 8 7 (fig u r e o m it t e d )
.

W ith r e g a r d t o th e r e s u lt o b t a in e d fr o m

O LR a n a ly s e s
,

it 15 s e e n th a t t h e r e la t iv ely s t r o n g e r in te r a e t io n b e tw e e n the t r o p ie s a n d

the e x t r a tr o p ie s in th e w in te r o f 1 9 8 6 / 1 9 8 7 e o r r e s p o n d s w e ll to t h e r e la t iv e ly s t r o n g e r

tr o p ie a l e o n v e e t iv e a e t iv it ie s
.

V
.

L OW FR E Q U E N C Y R E L A T IO N B E T W E E N T H E C ON V EC T IV E A C T IV IT IE S IN T H E T R O PIC S

A N D T H E PE R T U R B A T IO N A L K IN E T IC E N E R G Y IN T H E E X T R A T R OP IC S

S im ila r to th e a n a lys e s in S e e tio n 11
,

Fig u r e 5 s h o w s the m a x im u m n e g a tiv e e o r r e la tio n b e tw e e n 土h e

lo w fr eq u e n e y kin e t ie e n e r g y in 2 0 一 6 0
0
N z o n e a t 5 0 0 hP a a n d th e O L R fie ld in 1 0

0

5 一 1 5
o

N
.

In Y u a n d H u a n g (1 9 9 4 )
,

w e in diea t e th a t th e m a x im u m v a lu e e en te r s o f th e lo w fr eq u e n e y k in e tie

e n e r g y in the e x t r a t r o p ies w e r e lo e a t e d m a in ly in th e d o w n s t r e a m r e g io n s o f th e eo r r e s p o n d in g j
e ts in E a s t

A s ia
,

N o r th A m e r ie a a n d W
e s t A sia in th e w in t e r s o f 1 9 8 3 / 1 9 8 4 a n d 1 9 8 6 / 1 9 8 7

.

T h is a lso r e se m b le s t o

t he r e s u lt s fr o m d a t a a n a lys e s in ye a r s 1 9 8 4 a n d 1 9 8 5 d e s e r ib e d b y H e e t a l
.

(1 9 9 3 )
,

M o r e o v e r
,

it e a n

60
0

N
、 ’‘
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, ,
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犷
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,
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一
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,
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.
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5 .’ 才

伟
‘ ~ 口户 . 、、

二

字冲、
、

夕 乡.’
月9 岁

卜卜卜邑005

n曰

Fig
.

5
.

T h e m a x im u m

kin e t ie e n e r g y

o f 1 9 8 6 / 1 9 8 7
.

fie ld a t 5 0 0 hP a in th e e x tr at r o Pies
.

(a ) T h e w in t e r

t r o p ie s a n d th e Io w fr e q u e n e y

o f 1 9 8 3 / 1 9 8 4
: (b ) th e w in t e r

一一一件丫以一份浅六下一下文在
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b e fo u n d fr o m Fig
.

5 th a t th e m a x im u m n e g a tiv e e o r r ela t io n e e n t e r s in th e e x tr a t r o p ie s e o r -

r e s p o n d t o t he m a x im u m v a lu e e e n t e r s o f t he lo w fr e q u e n ey k in e t ie e n e r g y in t he w in te r o f

1 9 8 3 / 1 9 8 4 ; m e a n w h ile
,

o n e o f the m a in m a x im u m n e g a t iv e e o r r e la t io n e e n t e r s in th e tr o p
-

ie s 15 lo e a t e d o n t he In d ia n O e e a n n e a r gO
O

E
,

a n o t he r 15 in 14 0一 1 6 0
0

W
,

s a y t h e M id
一

Pa e lf
-

ie
,

b o t h o f rh e m a r e the t y p ie a l r e g io n s o f t he t r o p ie a l e o n v e e t iv e a e t iv ltie s
.

T h is m e a n s

tha t t he r e e x is t s a r e la tio n s hip b e tw e e n t he o e e u r r e n e e o f th e lo w fr e q u e n e y k in e t ie e n e r g y

in t he e x t r a tr o p ie s a n d th e e o n v e e tiv e a e tiv it ie s in t h e tr o p ie s
.

T he rn a x im u m v a lu e e e n te r s o f t he lo w fr e q u e n ey kin e t ie e n e r g y
,

w hie h e o r r e s p o n d to

rhe m a x im u m n e g a t一v e e o r r e la t io n e e n t e r s
,

e a n a ls o b e fo u n d in t he e x tr a t r o p ie s in th e

9 0
.

W

1 80

9 0
0

E I〕 ‘y 一 6
9 0

O

E D “ y一 2

9 0
O

W
9 0

6

W

1 80
1 8 0

9 0
.

E D 、 一 O
9 0

,

E D ‘ty十 4

Fig
.

6
.

A s in F ig
.

2
,

e x e e p t fo r th e lo w fr e q u e n e y k in e t l e e n e r g y In s t e a d o f t he lo w fr e q u e n ey g e o p o t e n -

tia l h e ig h t
.
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.

1 0

w in t e r o f 1 9 8 6 / 1 9 8 7
.

M e a n w h ile
,

th r e e m a x im u m n e g a t iv e e o r r e la t io n e e n t e r s a r e lo e a t e d

in th e t r o Pie s
,

s a y the w e s t
,

m id d le a n d e a s t P a e ifie e e n t e r s
.

In e o m p a r is o n w ith the r e -

s u lt s in th e w in t e r o f 1 9 8 3 / 1 9 8 4
,

th e m a x im u m n e g a t iv e e o r r ela t io n e e n t e r s a r e lo e a t e d

e a s tw a r d s in th e t r o Pie s w hie h r e la t e t o the d is t r ibu t io n o f th e t r o Pie a l e o n v e e t iv e a e t iv i
-

t ie s a s sh o w n in the O LR fie ld
.

It o n e e a g a in in d ie a t e s th e e lo s e r e la t io n sh ip b e tw e e n the

tr o p ie a l e o n v e e t iv e a e t iv itie s a n d the lo w fr e q u e n ey kin e t ie e n e r g y in the e x t r a tr o p ie s
.

Sim ila r t o the a n a lys e s in Se e t io n 111
,

the la g e o r r ela t io n b e tw e e n th e lo w fr e q u e n e y

kin e t ie e n e r g y in 1 5 一 6 0
0

N a t 5 0 0 hPa a n d the r e g io n a l m e a n O L R (s im ila r t o tha t in S e e -

t io n 111) 15 e a le u la t e d
.

l)( 厂W
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9 少 E
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公r户。

W

又
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o

E
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+ 今

F ig
.

7
.

A s in F ig
.

3
,

e x e ep t fo r th e lo w fr eq u e n e y kin e tie e n e r g y in s t e a d o f the lo w fr e q u e n e y g e o p o te n -

tia l he ig h t
.
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C o n e e n t r a t e d o n th e e a s t e r n A sia n a n d th e P a e ifie r e g io n s
,

in the w in te r o f 2 9 8 3 /

1 9 8 4
,

a p r o n o u n e e d m e r id io n a l t ele e o n n e e t 一o n w a v e tr a in a p p e a r s n e a r 1 8 0
0

w h e n the lo w

fr e q u e n e y kin e t ie e n e r g y 15 6 d a y s a he a d o f the tr o p ie a l e o n v e e t iv e a e t iv it ie s
,

s a y D a y 一 6
.

T h r o u g h D a y 一 6 t o D a y 一 O
,

th e p o s it iv e e o r r e la r iv e e e n t e r o n the w a v e t r a in w e a k e n s in

t he n o r th o f 3 0
0

N a n d t h e n e g a tiv e e e n te r s t r e n g t he n s in 2 5一 3 0
0

N (F ig s
.

6 b a n d 6 e )
.

T h e

D a y + 4 p a t t e r n 15 s im ila r t o tha t in D a y一 6 b u t w it h t h e e o r r ela t iv e sig n r e v e r s e d
.

M o r e -

o v e r
,

t h e d is t r ib u t io n v a r ia tio n o f the w a v e t r a in a s s u m e s a n o s e illa t io n m o d e
,

w hie h

m e a n s t ha t th e s o u t h w a r d p r o p a g a t io n o f the w a v e e n e r g y m a in ly a s s u m e s a flu e tu a t io n

m o d e in E a s t A s ia a n d t he Pa e ifie r e g io n in t he w in te r (F ig
.

4 )
.

R e s u lt s fr o m the w in t e r o f 1 9 8 6 / 1 9 8 7 d iffe r fr o m tho s e in the w in t e r o f 1 9 8 3 / 1 9 8 4
.

It

15 s e e n fr o m Fig
.

7 t h a t a z o n a l w a v e t r a in a p p e a r s in E a s t A s ia a n d the Pa e ifie r e g io n in

D a y一 6 p a t t e r n
,

a n d t h e p o s itiv e a n d n e g a t iv e e e n te r s o n the w a v e t r a in a r e a r o u n d 3 0
0

N
,

1 8 0
0

E a n d 3 0
0

N
,

14 0
0

E r e s p e e t iv e ly
.

It e o r r e s p o n d s to the r e s u lt o b ta in e d fr o m a n a ly s in g

th e e v o lu t io n o f t h e lo w fr e q u e n e y v o r te x p a ir s in th is w in t e r (Y u 1 9 9 3 )
.

A ft e r th a t (Fig s
.

7 b a n d 7 e )
.

th e w a v e t r a in t r a n s fe r s to 1 8 0
0

E
,

w it h the s tr e n g t he n in g o f its m e r id io n a l

e o m P o n e n t ; fu r t h e r m o r e
,

in D a y + 4 t he r e a p p e a r s a m e r id io n a l w a v e t r a in n e a r 1 8 0
0

E
,

w h ie h 15 fa v o u r a ble fo r th e m e r id io n a l d is p e r s io n o f the w a v e e n e r g y
.

T he r e fo r e
,

the

p r o p a g a t io n o f th e w a v e e n e r g y fr o m t h e e x tr a t r o p ie s to th e tr o p ie s 15 s tr o n g e r in t his w in
-

t e r tha n th a t in th e w in t e r o f 19 8 3 / 1 9 5 4 (F ig
.

4 )
.

S u m m in g u p the a b o v e r e s u lt s
,

it 15 e v id e n t t ha t t h e r e e x is t s a e lo s e r ela t io n b e tw e e n

t he t r o p ie a l e o n v e e tiv e a e t iv it ie s a n d th e lo w fr e q u e n e y kin e t ie e n e r g y
.

D iffe
r e n t in te n s it ie s

o f th e t r o p ie a l e o n v e e t iv e a e tiv it ie s w ill b r in g a b o u t b o th the d iffe r e n r d is p e r s io n p a t t e r n s

fr o m t he e x tr a t r o Pie s t o t h e tr o p ie s a n d t h e d iffe r e n t in t e n s it ie s o f t he lo w fr e q u e n e y w a v e

e n e r g y
·

V l
.

C O N C L U S IO N S A N D D IS C U S S IO N

R e s u lts fr o m a n a ly s in g the in t r a s e a s o n a l te le e o n n e e t io n o f the t r o p ie a l a n d t h e e x t r a t-

ro p ie a l e ir e u la tio n s s h o w tha t the r e e x is t thr e e p r o n o u n e e d w a v e t r a in s fr o m t h e E u r a s ia

a e r o s s t h e Pa e ifie to th e A rla n t ie a r o u n d t he N o r th e r n H e m is p h e r e :
(1 ) th e E U P p a t te r n

,

w hieh m a in ly t r a n sfe r s e n e r g y to the m a r it im e e o n tin e n t a n d th e m id d le a n d w e s te r n Pa e if
-

ie in t he t r o p ie s : (2 ) the P N A p a t te r n
,

w h ie h t r a n s fe r s e n e r g y fr o m M id
一

Pa e ifie in t he

tr o p ie s t o t h e e x tr a tr o p ie s : a n d (3 ) th e N A p a t t e r n
,

w h ieh fa e ilit a te s rhe e n e r g y t r a n sfo r -

m a t io n in t he
W

e s t e r n a n d E a s t e r n H e m is p he r e s
.

T h e s e r e s u lt s r e s e m ble t o t ho s e d e -

s e r ib e d b y L a u Ph illiPs (1 9 8 6 )
.

M o r e o v e r
,

r e s u lts fr o m t h e p r e s e n t s t u d y fu r t he r sh o w

th a t the r e e x is ts a elo s e r e la t io n b e tw e e n the in t ra s e a s o n a l t ele e o n n e e tio n a n d the t r o Pie a l

e o n v e e tiv e a e t iv it ie s a n d t he r e la tiv e ly s t r o n g e ffe e t o f th e in t r a s e a s o n a l t e le e o n n e e tio n e o r -

r e s p o n d s to the r e la t iv e ly s t r o n g t r o p ie a l e o n v e e t iv e a e t iv it ie s
.

It o n e e a g a in v e r ifie s th e r e -

s u lt tha t th e t r o Pie a l e o n v e e tio n e a n b e a n im Po r t a n t iu n e tio n fa e t o r fo r th e in tr a s e a s o n a l

in t e r a e tio n b e tw e e n t he tr o Pie a l a n d th e e x tr a t r o p ie a l e ir e u la tio n s a s m e n t io n e d in Y u a n d

H u a n g (1 9 9 4 )
.

N e v e r t he le s s
,

it 15 n o te d t h a t the r e s u lt s in t h is p a p e r a r e o b t a in e d fr o m

the a n a lys e s o f o n ly tw o w in te r s
.

In o r d e r t o g e t th e m o r e g e n e r a l r e s u lt s
,

m o r e d a t a n e e d

to b e a n alys e d
.

R e s u lt s fr o m th e s t u d y a ls o in d ie a t e tha t th e d is p e r s io n p a t t e r n s o f the lo w fre q u e n e y
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.

1 0

e n e r g y a r e d iffe r e n t in the d iffe r e n t a n a ly s is p e r io d s
.

M o r e o v e r
,

the v a r ia t io n o f th e e n e r g y

d isP e r s io n 15 e o n n e e t e d w ith th e v a r ia t io n o f th e t r o Pie a l e o n v e e t iv e a e t iv it ie s
.

T ho s e d iffe r

fr o m th e m o d e llin g r e s u lt s o f the r e s p o n s e o f th e m o d el a tm o sp he r e t o th e t r o p ie a l fo r e in g

a s d e s e r ibe d by K e s ha v a m u r ty (1 98 2 ) a n d G e is le r e t a l
,

(1 9 8 5 ) b y m e a n s o f G CM s
.

R E F E R E N C E S

C ha n g
,

H
.

R
.

a n d W
e b s te r

,

P
.

J
.

(1 9 9 0 ) E q u a t o r ia l e n e r g y a e e u m u la tio n a n d e m a n a tio n r e g io n s
.

Pa r t

I: N o n lin e a r r e s p o n se to s t r o n g e p iso die e q u a t o ria l fo r e in g
,

J
.

八tm o s
.

S c i
.

4 7 : 2 6 2 4 一 2 6 4 4
.

G e is le r
,

J
.

E
.

e t a l
.

(1 9 8 5 )
,

S e n s itiv ity o f Ja n u a r y e lim a te r e s p o n se t o th e m a g n it u d e a n d p o sitio n o f

e q u a to ria lPa eifie se a s u rfa e e te m p e r a tu r e a n o m a lie s J
.

A tm o s
.

S c i
. ,

4 2 : 1 0 3 7 一 1 0 4 9
.

H e
Ji

n h a i
,

X u
Ji

a n j
u n a n d Zh a n g Y o n g x in (1 9 9 3 )

,

T h e d is t r ib u tio n o f lo w fr e q u e n e y e n e r g y in N o r th e r n

H e m is ph e r e a n d its r e la tio n t o th e w e s te rly j
e t

,

J
.

T r oPic a l M亡t
e o r

. ,

9 : 2 8 一 3 5 (in C h in e s e )
.

K e s h a v a m u r ty
,

R
.

N
.

(1 9 8 2 )
,

R e s p o n s e o f the a tm o sp h e re t o s e a s u rfa e e te m Pe ra tu r e a n o m a lie s o v e r th e

e q u a t o ria l Pa e ifie a n d t he te le eo n n e e tio n s o f th e s o u th e r n o s e illa t io n J
.

A m o s
.

S c i
. ,

3 9 : 1 2 4 1一

1 2 5 9
.

K r is hn a m u r ti T
.

N
.

a n d G a d g il
,

5
.

(1 9 8 5 )
,

O n th e s t r u e t u r e o f th e 3 0 t o 5 0 d a y m o d e o v e r t he g lo b e

d u rin g FG G E
,

Te llu s
. ,

3 7 : 3 3 6 一 3 6 0
.

L a u
,

K
.

M
.

a n d P hillip s
,

T
.

J
.

(1 9 8 6 )
,

C o h e r e n t flu e t u a tio n s o f e x t r a t r o p iea l g eo p h ys ie a l h e ig h t a n d

t r o Pie a l e o n v e e tiv e in in t r a s e a s o n a l tim e s ea le
,

J
.

A tm o s
.

S c i
. ,

4 3 : 1 1 6 4 一 1 1 8 1
.

L i C ho n g y in (1 9 9 1 ) A tm o
sP he r ic L o w F re g u en

卿 O sc illa tio n
,

C h in e se
M

e t e o r o lo g ie a l Pr e s s
,

ZO 7 p p
.

(in

C h in e s e )
.

L ie b m a n n B
.

a n d H a r tm a n n
,

D
.

L
.

(1 9 8 4 )
,

A n o b se r v a tio n a l s tu d y o f t r o p iea l
一

m idla tit u d e in te r a e tio n o n

in t r a s ea so n a l tim e s e a le
,

J
.

A tm os
.

S c i
, ,

4 1 : 3 3 3 3一 3 3 5 0
.

Lim
,

H
.

a n d C h a n g
,

C
.

P
.

(1 9 8 3 ) D y n a m ie s o f t ele e o n n e e tio n s a n d W
a lk e r e ir eu la tio n s fo r e e d by

e q u a t o ria l h e a tin g
,

J
.

A tm o s
.

S c i
. ,

4 0 : 1 9 8 7 一 1 9 15
.

L iu H u i (1 9 9 2 )
,

T h e m a in te n a n e e o f th e b lo ek in g h ig h in rh e N o r th e r n H e m is ph e r e
,

Ph
.

D
.

T h e s is
,

In s t
.

A tm o s
.

Ph ys
. ,

C h in e s e A e a d e m y o f S e ie n ee s
.

P lu m b
,

R
.

A
.

(1 9 8 5 )
,

O n the th r e e 一d im e n s io n a l p r o p a g a tio n o f s t a tio n a ry w a v e s J
.

A tm o s
.

S c i
. ,

4 2 :

2 1 7 一 2 2 9
.

S im m o n s
,

A
.

J
.

(1 9 8 2 )
,

T h e fo r ein g o f s t a tio n a ry w a v e m o tio n b y t r o p ie a l d ia b a tie he a tin g
,

Q
.

J
.

R
.

材
己t

.

S o c
. ,

1 0 8 : 5 0 3 一 5 3 4
.

W
a n g G u o m in g (1 9 9 0 ) A r e v ie w o f r e se a r e h es o n the v a ria t io n o f Io w fr e q u e n e y o s e illa tio n

,

几人子tero
.

S c i
.

T ‘c h
. ,

N o
.

1
,

8一 1 5
.

W
e b ste r

,

P
.

J
.

a n d C ha n g
.

H
.

R
.

(1 9 8 8 )
,

E q u a t o r ia l e n e r g y a ee u m u la tio n a n d e m a n a t io n r e g io n s : Im
-

p a e ts o f a z o n a lly v a ry in g ba s ie s t a te
,

J
.

A tm o s
.

S e i
. ,

4 5 : 8 0 3 一 82 9
.

Y u Bin (1 9 9 3 )
,

S t u d y o f t r o p ie a l
一e x t r at r o p ie a l in t er a e tio n o n in t r a se a s o n a l tim e se a le

,

Ph
.

D
.

T h e s is
,

In
-

s t
.

A tm o s
.

Ph y s
. ,

C h in e s e A e a d e m y o f S e ie n e e s
,

1 8 5 p p
.

Y u B in a n d H u a n g R o n g h u i (1 9 9 4 )
,

T h e in t r a s e a s o n a l in te r a et io n e h a r a et e r istie s o f t he t r o p ie a l a n d e x t r a t -

r o p ie a l e ir e u la tio n s : Pa r ts : (I) a n d (11)
,

S c i
.

A tm o s
.

S in
.

(t o b e p u b lish e d )
.


