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,

th o u g h so m e b la se s
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v e r tie a l eir e u la t io n o v e r th e
W

e s t P a eifie (W P ) a n d th e e e n t r a l
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一
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e o m p o n e n t in t he b u d g e t o f e a r th r a d ia t io n
.

In t he tr o p ie a l r e g io n
,

it Pr o v id e s n o t o n ly t he
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e te o r o lo g i
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a n d
r e la tiv e ly , t r o n g a g e o s tr o p hie e ir o u l

a t io n in t h
e t r o p ie s w ith t he d iv e r g e n t e o m p o n e n t
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d Iv e r g e n e e a t 2 0 0 hPa field a n d O L R a t In d iv id u a lg r id In th e t ro pie s
.

In h一5 w o r k 3 5 e a s e s

w e re s e le e te d d u r in g FG G E p 甘r io d
,

in w hieh th e d iv e r g e n e e fle ld s w e r e e a le u la t e d fr o m

E CMW F d a t a
.

F o r e x p lo r in g a g o o d s ta t is t ie a l re la tio n s h ip b e tw e e n O L R a n d the

d i
v e r g e n t fie ld a t d iffe r e n t ho riz o n t a l r e s o lu t io n s

,

th e e x Pa n s io n s o f t he s Phe rie a l ha r m o n ie

fo
r d iv e rg e n e e a n d O L R w e r e p e r fo r m e d

.

A r e g r e s s io n a n aly s is a m o n g w in d d iv e r g e n e e

(甲 Z
X )

,

O L R a n d 甲 ZR (R in d ie a t e s
O L R ) w a s e a r r ie d o u t a t d iff

e r e n t z o n a l w
a v e n u m b e r

J = l
,

2
.

3
,

⋯ 1 2
.

T he r e s u lt s
s h o w t h a t t he m a x im u m

v a lu e o f 0
.

7 6 fo r t he e o r r e la t io n 15

o b t a in e d a t a r e s o lu tio n o f J 一 8
.

T h
e r e g re s s io n e q u a t io n a t th i

s r e s o lu t io n 15 e x p r e s s e d by

D - 一 甲 2 2 = 0
.

28 14 X 10 一 7 R 一 0
.

2 0 3 6 X 10 5甲 ZR 一 0
.

7 0 6 9 X 1 0 一 5
,

w he r e t he u n it o f t he O L R (R ) 15 W m
一 2 a n d t h

e u n it o f d i
v e r g e n e e 15 5 一 1

.

T hi
s fo r

m u la

in d ie a t e s t ha t the u p p e r 一le v e l (20 0 h Pa ) d iv e r g e n e e (e o n v e r g e n e e ) e o r re s p o n d s t o lo w e r

(h ig he r ) O L R v a
l
u e s

.

T his fo r
m u la 15 e o n fin e d to t h e

la
r g e 一 s e a

l
e a n a

ly
s is w it h in 3 0

0

5 一

30
0

N
.

In r e e e n t y e a r s
,

s o m
e re le v a n t w o r k h a s b e e n d o n e b y a

lo t o f C hin e s e r e s e a re he rs
.

X ie a n d B a i 〔1 9 9 3 ) a p p lie d Ju lia n s e h e m e t o m o r e e a s e s
.

T he ir p u r p o s e ha s
b e e n t o e x p lo r e

the p o s s ibilit y o f im p r o v in g th e a n a ly s is o f the d iv e r g e n t w in d by u s in g O L R a n d to fin d
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s o m e p r a e t ie al w a y s in v o lv in g in h o w to in t ro d u e e the O L R d a t a in th e o p e r a t 一o n al

n u m e r ie a l Pr e d ie t io n
.

In this P a p e r
,

o u r e ffo r t s w ill b e Pu t in to fu r th e r v e r ifyjn g a n d im p r o v in g the r e t rie v a l

m e th o d s a n d a p p lyin g th e s e m e t h o d s in t o t he d ia g n o s is o f g e n e r al e ir e u la tio n in th e

t r o p ie s
.

T h re e m e t ho d s a r e u s e d to e a le u la t e t he t r o p ie al d iv e rg e n t w in d
.

T he fir s t a n d

s e e o n d m e t ho d s a r e b a s e d o n t he Ju lia n (1 9 84 ) a n d K r ish n a m a u t i (1 98 6 ) S ehe m e s

r e s p e e tiv e ly
,

in w hieh the d lv e rg e n t w in d fie ld 15 e a
le u la t e d fr o m t h

e s a t e llite o b s e rv a t io n a l

O L R
.

T h e t hir d m e t ho d d ir e e tly e a l
e u

l
a t e s th e

d i
v e r g e n t w in d f

r o m t h e e o n v e n t主o n a
l

a n a
ly

s is d a ta
.

C o m p a r is o n s a re p e r fo r m e d a m o n g the r e s u lt
s
fr o m th r e e d iffe re n t m e tho d

s
,

a n d th e d e ta ile d d is e u s s io n s a r e m a d e o n th e
f
e a s ibility a n d r e lia b ilit y o f t h e s e

m
e t ho d s in

S e e t io n s 111 a n d IV
.

B a s e d o n th e a b o v e e x p e r itn e n ts
,

t he s e m e t h o d s a r e u s e d to d ia g n o s e

t he e v o lu t io n a n d t h
e a n o m a ly o f t he t r o p ie a

l g e n e r a l e ir e u la tio n d u r in g t he 1 9 8 2 一 1 9 5 3

E N S O e v e n t in Se e tio n V
.

T he r e s u lt
s a r e e o m p a r e d w it h

.

t ho s e o b ta in e d by o rh e r
d

a ta

s o u re e s
.

a n d fin
a
lly w e w ill d i

s e u s s th e im p a e t o f E N S O o n th e e lr e u la t lo n a n o m a lie s o v e r

t he Pa e ifi
e

O e e a n w hieh e a u s e th e a n o m a ly o f t he s u
m m e r r a in f

a
ll o v e r C h

a n g zia n g

(Y a n g tz e ) R iv e r
V

a
lle y in Chin a

11
.

D A T A A N D M E T H O D S

1
.

刀口 ta

T he O LR d a ta o bs e r v e d fr o m t he s a te llite s o f N O A A s e r ie s u s e d In o u r r e s e a r e h

z n elu d e the d a ily a n d m o n thly m e a n (0 0 0 0 U T C a n d 1 2 0 0 U T C
,

tw ie e d a ily ) w it h a

h o r lz o n t al r e s o lu t io n o f 2
.

5
“

la t lt u d e by 2
.

5
“

lo n g 一t u d e
.

T he d e t a ile d d e s e r lp t 一o n o f t he

d a ta e a n b e s e e n in th e lit e r a tu r e o f Jla n g a n d Zh u (1 9 9 0 )
.

T he w in d d a ta a r e fr o m E CMW F o b je e t iv e a n a ly s is a t 1 20 0 U T C a r eh iv e d in a

r e s o lu t io n o f 2
.

5
“

la t itu d e by 2
.

5
“

lo n g it u d e a n d t he U
.

5
.

C A C / N MC (fo r m e r ly N C E P )

m o n th ly t r o Pie al a n a ly s is a r ehiv e d In a b o u t s
“

la titu d e 一 lo n g it u d e blo e k s
.

A d d it io n a lly
,

a n

u p d a te d w in d d a ta fr o m N C E P / N C A R r e a n a ly s is a r e u s e d in o u r w o r k w it h rhe s am e t im e

in te r v a l a n d s p a t ia l g r id o f O L R
.

2
.

五人尹t人o d s

In th
e p re s e n t p a p e r

,

th re e d iffe
r e n t s e

h e m e s a r e u s e d t o e a le u l
a te t he d iv e r g e n e e

,

v e lo e it y p o te n tia la n d d i
v e r g e n t w in d fi

e
ld

.

Se he m e l : e a lle d K
一 s ehe m

e
fo r s

ho r t
,

w hieh 15 b a 、e d o n th e s ta tis t ie a lly
r e g r e s 、e d

r e la t io n Pr o p o s e d by K r ishn a m a u t i (1 98 6) :

D = 一 甲 2
2 = 0

.

2 8 1 4 X 1 0 一 7 R 一 0
.

20 3 6 X 1 0 5 甲 ZR 一 0
.

7 0 6 9 洲 1 0 一 5
,

(1 )

w }
。e r e R 15 th e O L R

v a lu
e

,

in W m
一 2

,

D t h e d iv e r g e n e e a t 2 0 0 hP a
,

in s 一 ‘
,

X t he v e
lo e ity

P o t e n tia l in m
Z s 一 ‘

.

A fte r t he d iv e r g e n e e fie ld 15 o b t a in e d
,

ite ra t lv e
m

e t ho d 15 u s e
d t o s o l

v e t h e e q u a tio n

D - 一 甲 ZX
.

(2 )

If t he v e
lo e lt y p o te n t ia l X 15 o b t a ln e d

,

t he n the d iv e r g e n t w in d 15 e a le u la te d w it h t he

fo llo w ir i g fo
r n iu l

a
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‘

,、,
尹n八

‘

件
廿

心
子、了日 Z

a e o s甲 a 几
’

刁X

a 日甲
’

la titu d e a n d lo n g it u d e
,

r e s p e e tlv e ly
.

It 15

乍‘ZUV

w he r e

f
r o m

a
,

沪 a n d 只a r e r a d iu s o f t he e a r th
,

S e e n

(2) th a t th e h ig h

lo w v e lo e it y P o t e n t ia l

v e lo e ity p o t e n tia l

e e n t e r e o r r e sPO

v a lu e e e n t e r e o r r e s p o n d s t o d i
v e r g e n t a r e a

n d s t o e o n v e r g e n t a r e a
.

T he d iv e r g e n t

a n d t h e

w in d

a e e o r d in g t o (3 ) a n d (4 )
,

blo w
s
fr o m h ig h

v a lu
e e e n te r to lo w v a lu e e e n te r

.

S e he m e Z : e a lle d J
一s e he m e fo r sho r t

,

w h ieh 15 b a s e d o n t he s e he m e P ro Po s e d b y Ju lia n

(1 9 84 )
.

T he e o n v e r s io n b e tw e e n t h
e O L R (in T B B te m p e r a t u r e ) a n d t he d iv e rg e n e e a t

v a r io u s le v e ls o v e r th e s a m e ho r iz o n t al g r id 15 lis t e d in T able 1
.

A ft e r g e tt in g t he

d iv e r g e n e e fie ld fro m t he O L R d a ta b a s e d o n T a ble l
,

the v elo e it y p o te n tia l fie ld 15

o b ta in e d by s o l
v in g E q

.

(2 ) it e r a tiv e ly
.

T h e n th e d iv e r g e n t w in d fi
e
ld 15 e a le u la te d w i th

F o r m u la s (3 ) a n d (4 )
.

S eh
e
m e 3 : c a lle d d ir e e t S ehe rn e

.

T ha t 15
,

t he E CMW F
,

CA C a n d N C E P / N CA R

r e a n a ly s is w in d d a t a a r e u s e d d ir e e tly to e ale u la t e the d iv e r g e n e e :

_ 口 u
.

刁刀

刀 一 石 十两
·

(5 )

T he n
,

Fo r m u la s (2 ) (3 ) a n d 〔4 ) a r e u s e d to e a le u la te t he v elo e lt y p o te n t ia l a n d th e

d iv e r g e n t w in d
.

It 15 w o r th b e in g p o in t e d o u t tha t n o m a t te r w hieh s eh e m e 15 u s e d
,

th e d iffe r e n e e

a
m o n g t h e

m lie s in t h e d iffe r e n t w a y s to g e t d iv e r g e n e e fie ld
.

A ft
e r th

a t
,

s a m e F o r
m u la s

(2 )
,

(3 ) a n d (4 ) a r e u s e d to e a le u la te the v elo e it y p o te n t ia l a n d d iv e r g e n t w in d
,

w h ie h

le a d
s t o t he e o m p a r a bilit y o f

r e s u lt
s a

m o n g t he t hr e e s e he m e s
.

3
.

R e tri e v a l of th e T r

oP ic a l Z o n a l a n d M e r id io , a l V e rt ic a l C irc u la tio n

U s in g Ju lia n , 5 s e he m e (s eh em e Z)
,

th e d iv e rg e n t w in d s U : a n d V , a t 8 5 0 hPa a n d 2 00

hp a a r e e a le u la t e d f
r o m O L R d a. ta

.

T he n th e d iv e r g e n e e s o f t he z o n a l a n d m e r id io n a l w in d s

a r e o b t a in e d fr o m t he fo llo w in g fo r m u la s :

、1产、口矛户n�勺了了
汀、矛沪、

D
。

~

D
。

-

刁U x

日 X

刁V x

刁y

日沈
a Z e o s Z犷日又2

’

日沈
a Z刁梦

B y u s e o f e o n t in u i t y e q u a t io n

刁u
.

日二
日田

又, 一 十 万一 十 又一丁 一 U,
口 x 口 y 口 P

(8 )

O r

w e ha v e

_
.

刁田

刀 十 又一下 一 0,
d P

、 一

{
户Z
D dP

‘

P z

T h
e d iffe

r e n e e o f t h
e d iv e r g e n e e b

e t w e e n 2 0 0 hP a a n d 8 5 0 hP a 15 u s e d

c ha ra e t e r is t i e in d e x t o r e p re s e n t t h e v e r t ie a l e ir e u la ti o n
.

W e fu rt h e r d e fin e t h e i n d e x

(9 )

a s t h e

o f t h e
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1 4

m e a n z o n al (m e r id io n a l) v e r t ie al e ir e u la t io n b e tw e e n tw o la t it u d e s (lo n g it u d e s ) Y a n d Y Z

(X
: a n d X

Z) :

几 眯) -
1

Y Z 一 y l{
夕艺 (D

、20 。 一 。
。5 5 。)d 夕

】

(10 )

IH (列 -
1

X
:
一 X

l{: (D
o z 。。 一 D

o s。。) d x
.

(1 1)

In t he p r e se n t p a p e r
,

Y , a n d YZ a r e a s s ig n e d 1 0
0

5 a n d 1 0
”

N
,

X
l a n d X

: a r e a s s ig n e d

1 1 0下 a n d 1 6 0
,

E
.

I、 (几) r e p r e s e n t s th e in d e x o f t he W
a
lk e r e ir e u la tio n a n d l二 (沪)

r e p r e s e n ts the in d e x o f t he lo e a l H a d le y e ir e u la tio n o v e r th e W
e , t P a e ifi

e
O e e a n

.

W it h Iw
,

I、
,

U
: a n d V x

,

w e e a n r o u g h ly d e fin e t he d la g ra m o f the W a lk e r e ir e u la t io n a n d t he H a d ley

e ire u la tio n fr o m th e s a t elllt e O L R d a ta
.

It s h o u ld b e p o in te d o u t t ha t w e a r e o n ly a ble to o b t a in t he d iv e r g e n e e d 一r e e t ly fr o m

O L R d a t a
,

5 0 in o r d e r t o s e pa r a te th e e ir e u la tio n e o m Po n e n ts
,

w e ha v e t o s o lv e t he

v elo e it y Po te n t ia l
,

a n d th e n e a le u la t e the d iv e r g e n t w in d
,

D
。 a n d D

二 .

If w e u s e t he

e o n v e n tio n a l w in d
一 o b

s e r v a t io n a l d a t a
,

th e D
: a n d D

二 e a n b e d ir e e tly e a le u la t e d
.

111
.

COM PA R ISO N OF O LR
一
D E R IV E D V E L OCIT Y PO T E N T IA L A N D D IV E R G E N T W IN D W IT H

E CMW F A N A LY S IS A N D CA C T R O P IC A L A N A LY S IS

U s in g t h e a b o v e 一

m e n t io n e d th
r e e s e he m e s

,

w e e a le u la te d t he d a ily s
一

d a y 10
一

d a y a n d

m o n th ly m e a n d iv e r g e n e e s
,

v e
lo e ity p o t e n tla ls a n d d iv e r g e n t w in d s

.

A m o n g t h
e la r g e

n u m b e r s o f th e e a s e s
.

s o m e o f t h e rn w e re s e le e t e d fo
r e o m p a r in g t he d iff

e r e n e e s o f t he

r e s u lt
s in t卜e rh r e e s e

he rn e s
.

O
ll r a tt e n tio n 15 fo e u s e d o n t he a r e a s w he re t he la

r g e

d iffe r e n e e s e x ls t a n d to d is e u s s the p o s s ible e a u s e s in o r de r t o d e rn o n s t r a te t he re lia b ilz t y in

u s in g O LR to d e r iv e d iv e r g e n t w in d
.

Fig u r e 1 s ho w s th e Ja n u a r y 19 7 9 m o n th ly m e a n v e lo e ity Po t e n tlal a t 2 0 0 hPa d e r iv e d

fro rn t he t hr e e s ehe m e s
.

T he r a n g e o f the v a lu e s 15 s it u a t e d b e tw e e n 1 0 5

一 1 0 6
m

Z s 一 ‘
.

A lth o u g h t he r e s u lt fr o m t he K
一 s ehe m e (Fig

.

la ) 15 a Iir rle le s s rha n th e r e s u ir fr o m th e J
-

s e he m e (Fig
.

l e )
,

the p a t te r n s
fr o m b o t h s eh

e
m e s a r e g e n e ra lly s im ila r t o e a e h o t he r

.

It

ix: d ie a te s t ha t t he t w o O L R
一

b a s e d s e
he m e s

l
e a d to s im ila r r e s u

lt
s

.

C o m p a r in g t he O L R
-

d e r iv e d
r e s u lt

s (Fig s
.

la
,

le ) w it h t ha t d ire e tly fr o m
a n a

ly
s is w in d (Fig

.

l b )
,

it 15 sho w n

t h a t th e y a r e e o n s is t e n t w ith e a e h o th e r o v e r th e s o u t h
e r n Pa r t o f A fr ie

a (5 0
0

5 一
e q u a to r

,

2 0一 4 0
O

E ) w h e r e a d iv e r g e n t e e n t e r 1
5

lo e a te d
,

a n d o v e r the So u th A m e r ie a 不15
0

5 一

e q u a t o r 3 0 一 so
O

W ) w he r e a e o n v e r g e n t e e n te r 15 lo e a t e d
.

T he m
a

io r d iffe
r e n e e a m o n g

t he m o e e u r s a r o u n d d a t e
lin e a n d o v e r t he T ib e t a n Pl

a te a u
.

T h e r e s u lt s o f b o t h J
一 s e

h
e
rn

e

a n d K
一 s e he m e in d ie a t e tha t a m a x im u m e e n te r o f v e lo e ity p o te n t ia l (e o r r e sP o n d in g t o a

s t r o n g d iv e r g e n e e o r a s tr o n g a s e e n d in g m o tio n ) 15 p r e s e n t a r o u n d th e w e s t o f th e d a te lln e

to t he s o u th o f the e q u a to r
.

w hile rh e r e s u lt fr o m the a n a ly s is w 一n d s ho w s t ha t t his

m a x zm u m e e n t e r 1 5 lo e a t e d to th e e a s t o f the d a t e Iln e
,

s hift in g 3 0
0

lo n g it u d e e a s tw a r d In

p o s it io n e o m p a r in g t he m a x im u m e e n te r d e r iv e d fr o m O L R
.

T he m a p o f m o n t hly O L R In

Ja n u a r y 1 9 7 9 (Jia n g a n d Z h u 1 9 90 ) s ho w s t ha t t he m a x im u m e e n te r o f v elo e it y p o te n t ial

d e riv e d fr o m th e O L R fo r b o t h J
一 s e h e

rn e a n d K
一 s e h

e
m

e e o r r e s p o n d s t o a lo w v a lu e o f O L R

o f 1 8 0 W m 一 2
,

w l飞ile th
e m a x im u m e e n re r

d e r iv e d f
ro m t he a n a ly

s is w in d e o r r e s p o n d s to a

v a lu e o f 2 2 0 W m
一 2

.

It 15 e v id e n t th a t t he e o n v e e tio n o v e r t h e
fo r m

e r
lo e a t io n 15 m u e h



N o T H E T R O P IC A L D IV E R G E N T W IN D IN E N SO D IA G N 〔)5 15 6 7

tn
o r e in te n s e t ha n t h

a t o v e r th e la t te r o n e
.

T he r e fo r e
,

it e o u ld b e d e d u e e
d t h

a t t he r e s u lt
s

f
r ()m t he s a t e

llit e 0 1
矛

R d a t a a r e
m o r e r e

li
a ble t ha n t h

a t fro m t h
e a n aly s is w in d fie ld

.

T h e

p o s s lb le r e a s o n 15 in v o lv e d th a t t he o b s e r v a tio n a l d a t a a r e v e r y sPa r s e o ve r t h is r e g io n
.

O v e r th e T ib e ta n Pla te a u
,

t h e r e s u lt s fr o m b o th J
一 s eh e m e a n d K

一s e he m e sh o w t h
e

p r e s e n o e o f rn a x im u m e e n t e r o f v e lo e ity p o te n t ia l
,

w hil
e t he r e s u lt f

r o m t h
e

d
a ta o f

a n a lys zs w 一n d in d ie a t e s a lo w e e n te r
.

T h is la r g e d lffe r e n e e 15 p o s s一bly e a u s e d b y t h e h lg h

t o r r a in o f t he p la te a u 二 d u r in g th e w in te r
.

t h
e p la te a u 15 a e o ld s o u re e w it h a v e r y lo w

s u r
fa e e t e m p e r a tu r e w h ie h le a d

s t o t h
e
lo w v a lu e o f O L R a n d the e o r r e s p o n d in g h ig h v a lu e

o f
v e lo e it y p o te n t ia l in K

一s eh em e a n d J
一 s e he m e

.

U n lik e o v e r t h e v a s t o e e a n ie a re a
,

th e lo w

3 ()
。

N
4 0 3 0 3 0

3 ()
0

5

ZZZ /

子
‘· _

鉴鉴飞飞
岁 以

、、} 火 1 『
‘‘
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.
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.
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一s e he rn e

,
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w in d
.

(e ) J
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.
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1 4

v a lu e o f O L R d o e s n o t a e e o u n t fo r rhe s t r o n g e o n v e e t io n o v e r t his re g io n
.

It in d ie a te s a n

u n r e liab ility fo r u s in g O L R t o d e riv e t h e d iv e r g e n t w in d fie ld o v e r t he T ib e t a n Pla te a u
.

F ig u r e 2 s h o w s th e s
一

d a y m
e a n d iv e rg e n t w in d o f t he fir s t p e n t a d o f Ja n u a r y 1 95 3 a t

20 0 h P a
.

T he re e x is ts a e o n s is te n e丫 a m o n g t h e t h
r e e s e

h
e
m e s o v e r th e S o u t h A m e r ie a a n d

th e A frie a w he r e tw o d i
v e r g e n t e e n t e r s a r e lo e a te d

.

T he r e a ls o e x is t s a e o n s is te n e y a
m o n g

t hem o v e r t he In d o n e s ia n K e p u l
a u a n w he re a s tr o n g d i

v e r g e n t e e n t e r 15 p r e s e n t
.

H o w e v e r
,

o v e r t he W
e s t P a e ifi

c (1 30 一 1 6 0
0

E
,

O 一 2 5
“

N )
,

t he re s u lt
s

f
r o m b o th J

一 s e h e
m e a n d K

-

s eh
e
m e in d ze a t e th e p re s e n e e o f a s tr o n g e o n v e r g e n e e e e n t e r

,

w h ile th e r e s u lt fr o m t he

a n a ly
s is w ln d

s h o w s a w e a
k d iv

e r g e n e e e e n t e r o v e r t he r e
.

A t 8 50 h Pa (Fig
.

3 )
,

th e r e e x is r

t w o s tr o n g e o n v e rg e n e e e e n t e r s a t lo w
一

le v e l o v e r th e In d o n e s ia n K e p u la u a n a n d e e n tr a l

Pa e lfie a n d t he d iv e r g e n e e d o m ln a t e s o v e r th e W e s t Pa e lfie
.

X ie a n d B a i (1 9 93 ) fo u n d

th a t t he O L R
一

d e r iv e d 7 0 0 h Pa d iv e r g e n t w in d 15 n e g a t iv e ly e o r r ela te d w it h th e d iv e r g e n t

w in d o f t he E CM W F a n a ly s is
.

T he y ha v e p o in te d o u t t ha t t he r e s u lt d e r iv e d fr o m th e O L R

d a t a 15 m o r e re lia ble
.

Fr o m e x a m in in g th e O L R m a p s (Jia n g a n d Z hu 1 9 9 0 ) a n d t he

v elo e it y p o te n t ia l field
a t lo w l

e v e l
,

it e o u ld b
e

de d u e e d th a t a d e s e e n d in g n lo t io n

d o m in a t e s o v e r t he W e s t Pa e ifi
e

.

T h u s
,

t he r e s u lt
s

f
r o m O L R d a t a a r e r e

li
a
b le a n d t he

E CMW F w ln d da t a s h o u ld b e
rn o d ifi

e d x n d iv e rg e n e e e o m Po n e n t
.

A fte
r
la

r g e n u m b
e r s o f t he e a

le u la t io n e x p e r im e n t s a n d e a s e s t u d ie
s

,

w e
m

a y n o te t h
a t

o v e r t he d a t a
一 s p a r s e t ro p ie a l o e e a n la : g e d iffe r e n e e s a m o n g O LR

一

d e r iv e d d iv e r g e n t w in d

a n d th e E CMW F a n d C A C / NM C a n a ly s is 15 m o s t lik e ly t o o e e u r
,

e s p e e la
lly a t u p p e r le v e

l

(2 0 0 hP a )
.

L a r g e d is e re p a n e y a ls o o e e u r s o v e r t he T ib
e ta n Pla t e a u

.

B e s id e s
.

t he re 15

d is a g r e e m e n t a rn o n g th e m o n t he z o n a l v a r ia tio n o f th e d iv e r g e n r w ln d
.

T h e la
r g e s t

d iffe r e n e e o e e u r s o v e r the N o r t hw e s t Pa e lfle to t he e a s t o f Ph iliPP ln e
,

a n d 15 m a in ly

p r e s e n t a t 2 0 0 hPa
.

A t lo w e r le v el (8 5 0 h Pa ) n o o b v io u s d is e r e p a n e y a m o n g th e m 一s

fo u n d
.

W e rhin k th a t o v e r this r e g io n (t he N o r th w e s t Pa e ifie ) th e O L R
一

d e r lv e d d iv e r g e n t

( a )
忿

。

(b )

一)
] 0 (m s 一 1 )

3 0
0

N

念念⋯一
:

⋯⋯⋯
)少一 : : : : : : : ;;;

⋯⋯⋯; : : ; : : !
.

“ :二二

二二成夕似似
, l 、 、‘‘

}; ;
、

: : : ; ; : :
··

... ’ 了 ,
“

I J 才Z / ‘‘ ’ ‘

”
‘

一一一

··

:
·

: !{:{:丫丫丫丫

卜\\\\\1 ! 】{ { 川 } 1 1 1

、 ““ 、 、

川
才{ ‘}“

l ‘

: : :刃:
门//

洲
二二二二

之之之
/ / / / , 1 1

/ / / / / ) }

州
.

||‘
、

一0丈
‘

哎曰门训
飞

l曰�一 一 、 一

—
一 、

/ / / / 乙乙乙 尸

3 0
0

5

, , ‘ 、 、 、 、 、叹

一 、 、 \ 、l ‘ 、 \

\、 \ \ \ 1 1

、、 、 、 、 曲 碑

、 、 ~ 一 . ‘ . 呼

、 , 加 , 护 ‘ , , 尹

冲封
/ 了/ l / //

口

//, 长/ /

川川汀州时
r

J 尸 理二 竺竺 二竺 /

60

Fig
.

2
.

1 2 0
o

E 1 2 0
O

W

( C )

- )
1 0 (rn s一 l )

邢邢邢
、 一 , . 、 、 、 ‘ 沪 一~~~

归 一一

飞飞飞
, , 沪才、\ l , , 乙乙乙乙乙乙乙乙乙乙乙乙乙乙乙了了了 , . \

、

丫、 、 , 产 zzz , 、 、 、、 、
\ 、 , , 、 一 rrr

汽汽汽/ . 、一 _ 、 _ ___ / 、 、\ \ 、 、

二
_ 沙 ,,

心心心, ‘ 、、

一
、 . .

一一 / {、
、
、.

、 、 . 、 、 . , ,,

山山山 ‘, 了’ 、

二
甲

二二 、、、、
, 、

’
‘

””
、、、、 、 、 1 . ‘

二 、 . , 产产

狱狱井 :悠悠犷概
{
、

: : : ; :::
万

_ _ , , , 、 , ’、

几万
,,

万万 岌万 :丁丁

仪
:一 !!!

勺 J , , . 、 , 夕 , 声 , iii

,,,, , 沙 , . , . 诊 口 产 I 门门

,,,, 、 矛

二
‘ 、 . 产 矛 护护

,,,, 冲 口 、 、 , ,

二 , J 户户

二二二二
子 , 、

⋯
, , 户户

T he P e n t a d m e a n (Ja n u a r y ls t 一

st h
,

1 9 8 3 ) o f t h e d iv e r g e n t w 一n d

a t 2 0 0 h Pa e a le u la t e d b y t h e t hr e e

s七h e m e s
.

( a ) K
一s e h e m e

,

( b ) J
-

s e h e m e (e ) 顶
r e e t 一 s e he m e

,

fr o m

t he E C MW F a n a ly s is w in d
.



N o
.

l T H E T R O PIC A L D IV E R G E N T W IN D IN E N SO D IA G N O S IS 6 9

一 2 0一 4 0

沪

斗
30

o

N
(a ) 2 O

。

砰) 湘红3 0
0

5

3 0
.

N 一 10 2 0

(b )

仃

o

沙
脚曰

卜
一 10 布

丫\了
、

z义

洲
/

己
。

日‘、
.
.

泊飞

3 0
0

5

6 O 1 20
0

E 1 8 0 12 0
O

W 60

F ig
.

3
.

T h e m o n thly

俗 ) J
一s eh e m e

,

1ll ea n
o f t he v e lo eity Po te n t ra l at 8 5 0 h Pa in

(b ) D ir e e t一 s e he m e
.

T he e o n t o u r in t e r v a l 15 1
.

Ja n u a r y 1 9 8 3 e a le u la t e d by

o X lo s m Z s 一 ‘
.

w in d 15 m o r e r e li
a b le th a n t ha t o f b e in g d e r iv e d fr o m th e E CMW F o r C A C / N M C a n a

ly
s is

w xn d
.

B y e o n tr a s r
,

o v e r t he T ib e ta n Pla r e a u
,

th e m e t ho d fo r u s in g O L R to d e r iv e

d iv e r g e n t w in d n e e d s t o b e s p e e ially d e a lt w ith u n d e r a e o n s id e r a tio n o f the im p a e t o f th e

hig h te r r a in
.

O v e r tha t r e g io n
,

th e O L R v a
lu e 15 fa r lo w e r (e o ld e r ) th

a n t h a t o v e r th e

o e e a n a r e a s a t the s a m e la t it u d e
.

5 0
,

the J
一 s eh em e o r the K

一 s e hem e e a n n o t le a d to p r o p e r

re s u lt s
.

T h a t 15 t o im p ly a fu t八r e w o r k
.

D u e to t he e o m p le x in fo r m a t io n o f t h e a t m o s p he r e

eo n ta in e d In t he O L R d a t a
,

it e a n o n ly b e a PPlie d t o t h e t ro p le al r e g io n b o th fo r th e

s e hem e s Pr o p o s e d b y Ju lia n a n d K r ish n a m
a u ti

.

IV
.

CO M PA R IS O N O F O L R
一
D E R IV E D D IV E R G EN C E W IT H N C E P / N C A R R E A N A L Y S IS

D u r in g r e e e n t ye a r s
,

t he d a t a s e t s o f N CE P/ N C A R r e a n a ly s is ha v e b e e n w id e ly u s e d

in the d ia g n o s t ie s t u d y o f the a t m o s p he r ie e ire u la tio n
.

H o w ab o u t th e r e lia bilit y o f this

n ew k ln d o f d a t a in the d e s e r ip t io n o f th e t r o p ie a l d iv e r g e n t w in d ? S o m e e o rn p a r is o n a n d

v alid a t io n s t u d一e s ha v e b e e n e o n d u e t e d in th is s e e tio n u s in g O L R d a ta
.

T he m o n rh ly m e a n

N C E P/ N CA R d a t a fo r t he 2 4 m o n th s fr o m Ja n u a r y 1 9 8 2 th
r o u g h D e e e m be r 1 9 8 3 a v e ra g e d

fro m th e d a ily (0 0 U T C a n d 12 U T C tw ie e d a ily ) a n d m o n thly O L R d a ta fo r the s a m e

p e r io d a r e p ie k e d o u t
.

T h e n
,

th e d iv e r g e n e e
fie ld s a r e e a l

e u l
a te d by t h e t h r e e s e h e

m e s
,

r e sPe e t iv ely
.

O u r a t t e n t io n ha s b e e n fo e u s e d o n th e e o m p a r ls o n o f th e r e s u lts a t 2 0 0 h Pa In

t hi
s s e e t io n

.

F ig u r e 4 s
h o w s th

e
lo n g it u d e 一 tim e e r o s s s e e tio n s o f O L R a n d d e riv e d

d iv e r只e n e e s fr o m th r e e s ehe m e s a t 2 0 0 hPa a v e ra 只e d b e tw e e n 2
.

5
“

S 一 2
.

5
“

N d u r in 只 1 9 8 2 一
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.

1 4

Fig
.

4
.

T h e lo n g it u d e 一 tim e er o s s s ee t io n s o f O LR a n d d iv e r g e n e e s a t 2 0 0 hPa a v e r a g e d be rw e e n

2
.

5
0

5 一 2
.

S
O
N d u r in g 1 9 8 2 一 1 9 8 3

.

(a ) O LR
.

C o n t o u r in t e r v a l 15 2 0 W rn 一 Z w ith th o v a lu e s

le s s th a n 2 2 0 W m
一 2 s h a d e d : (b ) 2 0 0 hPa d iv e r g e n ee fr o m N C E P / N C A R r e a n a lys is : (e )

2 0 0 hP a d iv e r g e n e e b y K
一s eh e m e fr o m O L R d a t a : (d ) 2 0 0 hPa d iv e r g e n e e

fr o m O L R d a t a
.

C o n to u r in t e r v a ls fo r 了b ) (e ) a n d (d )

m o r e th a n 2 X 1 0 一 “ s ha d e d
.

a r e Z 火 1 0 一 ‘ s an d

by J
一s e h e m e

w ith v a lu e s



N o
.
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1 9 8 3 (2 4 m o n th s )
.

It 15 s e e n fr o m Fig
.

4 a t h a t d u rin g t he 1 9 8 2 一 1 98 3 E N S O e v e n t
.

th e

m o s t e v id e n t eh
a n g e in t he t ro p ie a l

e o n v e e t io n 15 a s s o e ia te d w ith t he w e s t w a r d s
h ift o f th e

s tr o n g e q u a to r la l e o n v e e tiv e e e n t e r fr o m the W e s t P a e lfie t o t he e a s te r n Pa e ifie a n d th e

r e v e rs a
l o f t he s t r o n g e o n v e e tiv e a e t iv it y d u r in g the w in t e r o f 1 9 8 2 / 1 9 8 3

.

T his p r o m in e n t

in t e r a n n u a l v a r ia tio n 15 e a p t u r e d b y a ll t h e d iv e r g e n e e fie ld s
,

n o m a t t e r it 一5 e a le u la te d

d ir o e t ly fr o m
r e a n a ly s e s (Fig

.

4b )
,

o r f
r o m O LR d a t a w it h K

一 s e he m e (Fig
.

4 e ) 。n d

J
一 s eh em e (Fig

.

4d )
.

T he y a r e a ls o In g o o d a g re e rn e n t e o n e e r n in g th e p o s it lo n o f th e

d iv e r g e n t e e n te r s a r o u n d 3 0
o

E
,

the In d ia n O e e a n a n d a r o u n d 7 0
o

w
.

O v e r t he W e s t P a e lfie

(1 1 0 一 1 3 0
0

E )
,

t h
e r e s u lt f

r o m t he r e a n a
ly

s is (Fig
.

4 b ) s h o w s t h a t a e o n v e rg e n t e e n t e r

a p p e a r e d d u r in g Ju ly 1 9 8 2 t o A p r il 1 9 8 3
,

w hile th e r e s u lt s fro m O LR d a ta (F ig s
.

4 e
,

4 d )

in d ie a te t h
a t th i

s e o n v e r g e n e e e e n t e r 15 lo
e a te d s 一 10

0

fu
r t he r e a s t t h

a n t h a t fr o m

r e a n a ly s e s
.

T he la t te r s
ho w s th a t t h e s t ro n g d iv e r g e n e e e x is ts o v e r th e e q u a t o r ia l W e s t

P a e ifie
,

w h il
e th is fe a t u r e 15 n o t e v id e n t in Fig

.

4 e a n d Fig
.

4 d
.

T h e r e fo r e
,

F ig
.

4 fu r the r d e m o n s tr a t e s th e r e lia b ilit y o f th e d iv e r g e n t w in d fr o m O L R

d a t a a n d in d ie a t e s t ha t in e o n t r a s t t o t he e a r lie r E CMW F a n a ly s is a n d C A C / N M C

a n a ly s is
,

t he N CE P / N C A R r e a n aly s is h a s m a d e m u e h p r o g r e s s in th e t r o p ie a l d iv e r g e n t

w in d a n a ly s is
.

F ig u r e s 5 a n d 6 p r e s e n t t h e d is tr ib u tio n s o f t he m o n t h ly O L R a n d d iv e rg e n e e fie ld s

e a le u la te d by the th r e e s e he m e s a t 2 0 0 hPa w ithin th e t ro p ie s (b e tw e e n 30
0

N 一 3 0
0

5 ) fo r

t h
e
Ja n u a r y 1 9 8 2 a n d 1 9 8 3

,

r e s p e e t iv e ly
.

It 15 s e e n f
ro m F ig

.

5 th a t e o r r e s p o n d in g to t h e

in t e n s iv e e o n v e e t iv e e e n t e r s t he r e a r e th r e e s t r o n g d iv e r g e n e e e e n te r s o v e r t h e e a s t e r n

In d ia n O e e a n to t h e

W
e s t P a e ifie

,

S o u t h A m e r ie a a n d A f
r ie a

.

T h e r e s u lt s
f
r o rn t he t h r e e

s e he m e s a r e in g o o d a g re e m e n t e o n e e r n in g the d e s e r ip tio n o f th e th r e e d iv e r g e n e e e e n te r s
.

T h e r e s u lt f
r o m t h e K

一 s e
he rn

e g iv e s
fin e r s t r u e t u r e s

.

O
v e r t h e E a s t P a e ifi

e a r o u n d s
“

N
,

t he r e s u lt s fr o m K
一 s e hem e a n d N C EP / N C A R r e a n a lys is w in d d is p la y a b a n d

一s ha Pe d

d iv e r g e n t e e n te r
,

w h ie h 15 a b s e n t in th e r e s u lt fr o m t he J
一 s e

he m e
.

T h e p o s s ib le r e a s o n fo r

t his d iffe r e n e e 15 tha t t he d iv e r g e n e e p a r t ly d e p e n d s o n th e v alu e o f 军
ZR (R r e p r e s e n t s

O LR ) in t he K
一s eh e m e

.

w h ile it
‘

d e p e n d s o n th e r ela t iv e m a g n itu d e o f R in t h
e

J
一s eh e m e

.

xt 15 sh o w n in Fig
.

sa tha t th e r e ‘

15 a r e la tiv e m in im u m e e n te r o f O L R a r o u n d 2 5 0一 1 2 0
0

W
,

5 一 IO
O

N
,

w it h th e v a lu
e r a n g in g b e tw e e n 24 0 a n d 2 6 0 W m

一 2
.

F o r t h
e K

一 ; e h e
m e

,

t he

v a lu e o f J 诀 / a 夕
2 15 r e la t iv e la g r e : w hile fo r J

一 s e he m e
,

2 4 0 W m
一 2 15 th e e r itie a l v a lu e

b e tw e e n the d iv e r g e n e e a n d e o n v e r g e n e e
.

T h e v alu e in t he ab o v e e e n t e r 15 la r g e r t ha n 2 4 0

W m 一 2
,

5 0 it 15 e o n s id e r e d a s a w e a k e o n v e r g e n t a r e a In J
一 s e

he m e
.

B e s id e s
,

t o t he n o r t h o f

e q u a to r (O 一 IO
o

N ) a n d o v e r th e N o r th e a s t In d ia n O e e a n
,

N CE P / N C A R r e a n aly s is

(Fig
.

sb ) s
ho w s a s t r o n g d iv e r g e n e e

,

w hile th e r e s u lt
s fr o m O L R d a ta (Fig s

.

s e
.

sd ) s ho w

th a t th e d lv e r g e n t e e n te r 15 o n ly lo e a t ed o v e r th e In d ia n O e e a n t o th e w e s t o f IZO
O

E a n d

b e tw e e n o一 1 0
0

5
,

a n d t h e r e e x is its a w e a k e o n v e r g e n e e in t h e In d ia n O e e a n to t h e n o r t h o f

t he e q u a t o r
.

S u eh d iffe
r e n e e b

e tw e e n t he N E CP / N C A R r e a n a ly
s is a n d t he O L R

一

d e riv e
d d iv e r g e n e e

15 als o ele a r ly sh o w n in fo r t he e a s e o f Ja n u a r y 1 9 8 3 (F ig
.

6 )
.

It 15 s e e n fr o m F ig
.

6b t ha t

t he m a in p a r t o f th e d iv e r g e n e e e e n t e r o f t he e a s t e r n In d ia n O e e a n to th e W e s t Pa e ifie 15

lo e a t e d b e tw e e n o 一 1 0
0

5
,

a n d t h e s t r o n g d iv e r g e n e e 15 als o m a in ta in e d o v e r th e s o u th e r n

p a r t o f t he S o u th C hin a Se a a n d th e o e e a n to the s o u t he a s t o f Philip p in e
,

m a k in g t he
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.

14

Fig
.

5
.

T he m o n t hly m e a n d is t r ib u tio n o f the O L R a n d th e d iv e r g en ee s b y th e th r e e se h e m e s fo r

Ja n u a ry 1 9 8 2
.

(a ) O L R
.

W ith t he e o n t o u r in t e r v a l o f 2 0 W m 一 ’ : (b ) 2 0 0 hPa d iv e r g e n e e

by N C E P / N C A R r e a n alys is : (e ) 2 0 0 hPa d iv e r g en ee by K
一s e he m e fr o m O LR d a t a ; (d ) 2 0 0

h Pa d iv e r g e n e e by J
一se he m e fr o m O LR d a ta

.

T h e e o n t o u r in t e r v a l fo r d iv e r g e n e e 15 2 又 1 0 一
5

s 一 ’
w ith p o s itiv e v a lu e s s ha d e d

.

r e v e r s a l o f

H o w e v e r
,

t h e e q u a to r ia l W a lk e r e ir e u la tio n n o t
S O

e v id
e n t d u r in g th is

d u r in g th is p o r io d
,

t lllle

t heIt 15 S e e n fr o m Fig s
.

6a
,

6e a n d 6d t ha t

t he u p p e r 一le v e l d iv e r g e n e e e e n te r

In t e n s l V e

C o fl V e C t lV e C e n te f o r 15 lo e a te d t o th e s o u t h o f e q u a to r
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o v e r t he s e r e g io n s w h ile t he s t r o n g e o n v e e t iv e e e n te r o r d iv e r g e n e e e e n te r a t u p p e r 一le v e l

o n ly p r e s e n t s in t h e e a s te r n Pa e ifie
.

O v e r th e e e n t r al A t la n tie
,

a s t r o n g e o n v e r g e n e e e e n te r

15 m a in t a in e d (F ig
.

6 b )
,

b u t it 15 n o t 5 0 o b v io u s in t he O L R
一

d e r iv e d re s u lts (F 19 5
.

6e 6d )
,

in d ie a t in g th a t th e r e a n a ly s is m a y ha v e a p o s it iv e bia s
.

O v e r th e s e r e g io n s s in e e t he O LR
-

d e r iv e d d iv e r g e n t w in d w e ll e la r ifie s t he d o m in a n t in te r a n n u a l v a r ia t io n s o f th e e o n v e e tiv e

a e t iv it ie s o v e r th e e a s te r n a n d w e s te r n Pa e ifie d u r in g t he E N SO e v e n t
,

t h e d is t r ib u tio n s o f

the d iv e r g e n t w in d in N C E P/ N CA R re a n a ly s is m a y p o s s ibly n o t b e p r o p e r
.

In o r d e r to fu r t he r e x a m in e th is d iffe r e n e e
,

the e a s e o f Ju ly 1 9 8 3 (F ig
.

7 ) 15 d is e u s s e d
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Fig
.

7
.

t he n
.

It 15

T h e m o n th ly m ea n dis t r ibu rio n o f th e O LR
.

2 0 0 hPa d iv e r g e n e e a n d : t
,

v fo r Ju ly 1 9 8 3
.

(a )
,

(b ) a n d (e ) a s in Fig s
.

sa
,

sb a n d sd r e s p e e tiv ely
.

b u t fo r Ju ly 1 9 8 3 : (d ) u a n d v fo r

Ju ly 1 9 8 3
.

S ha d ed a r e a s r ep r e s e n t 一 1 0(
u
镇一 5

,

一 1 5毛
u
毛一 1 0 a n d u

( 一 1 5 m s 一 ’ in

o r d e r fr o m lig h t t o d a rk a n d th e s o lid is o lin e 15 fo r : ,

w ith the e o n t o u r in t e r v a l o f 2 m s 一 ]

a n d w ith v a lu es le s s th a n 一 6 m s 一 1 s ha d ed
.

S e e n fr o m F ig
.

7 tha t fo r the A s ia n m o n s o o n r e g io n
.

Co n v e r g e n c e z o n e s

Ph ilip p in e (Fig
.

7 e
.

a r e m a in ly lo e a te d o v e r t he

J
一 s ehe m e )

.

It w e ll d i
s Pla ys

n o r t h o f th e

th e s e a s o n a l

e o n v e e t iv e e e n t e r s o v e r t he A s ia n
n 1 0 n S O O n

r e g io n (Fig
.

7a )
,

t he O L R
一

d e r iv e d s tr o n g

B a y o f B e n g a l a n d n e a r

v a r ia tio n o f th e t r o p ie a l

w hile th e N CE P / N C A R
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F19
.

8
.

A s in F lg
.

7
.

b u t fo r Ju ly 19 8 2
.

r e a n a ly s is sh o w s
8 n In t e n s lV e c o n v e r g e n t c e n te r n e a r

Co fl tr a s t
,

e v id e n r
,

fo r t he e a s e o f Ju ly 1 9 8 2 (Fig
.

8 )
.

s u eh

e q u a t o r b e tw e e n 1 2 0 一 1 5 0
0

E
.

a d iffe r e n e e (Fig s
.

sb
,

se ) 15

o n ly t he in t e n s ity o f t he r e a n a ly s is
一

d e r iv e d d i
v e r g e n e e 15 la r g e r t ha n t ha t fr o m

O L R b y u s in g J
一 s eh e m e

.

W e b s te r e t a l
.

(1 9 9 7 ) p o in te d o u t t ha t fo r t h e m a jo r ity o f t h e n u m e r ie a l m o d e ls
,

w he n a p p ly in g in t he A
s ia n m o n s o o n s im u la t io n

,

t he y s
ho w p o s itiv e bia s in th e d iv e r g e n t

field o v e r t h e S o u th A s ia d u rin g t he s p r in g
.

A e e o r d in g to W e b s re r e t a l
.

(1 9 9 7 )
,

s u e h b ia s

e a n b e p a r t ly a tt r ib u t e d to t he e o m p le x it y o f t he B a s in o f t he In d ia n O e e a n
,

t he im p o r t a n e e
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o f t h e
la n d

s u r fa e e w a te r e y e
le a n d t h e im Pr o Pe r a p p r o x im a t io n o f t he T ib e t a n Pl

a t e a u
,

a n d p a r t ly a tt r ib u te d to t h e n o n lin e a r ity o f t h e a t m o s p h e r e
.

It 15 s e e n fr o m th e d is t r ib u t io n s o f the e o n t o u rs o f u a n d v in Fig
.

7 d a n d Fig
.

sd t ha t a

v e r y s t ro n g n o r t h e a s t flo w 15 m
a in t a in e d o v e r t he In d ia n O e e a n t o W

e s t P a e ifie r e g io n o f

t h e N o r t he r n H
e
m is p he r e in Ju ly

.

Fig u r e 7d
s h o w s t h a t a r o u n d 1 2 0

0

E to t h e n o r t h o f

e q u a t o r t h
e r e 15 a w e a

k je t o f e a s t w jn d
,

a n d t o t he s o u th o f e q u a t o r th e r e 15 a s tr o n g Je t

o f n o r t卜 w in d
.

T h e p r o m in e n t d iv
e r g e n e e o f t h

e n o r t he a s t flo w o v e r t his a r e a le a d , to th e

m a in t e n a n e e o f a s t r o n g d iv e r g e n e e e e n te r in F ig
.

7 b n e a r t he e q u a t o r a n d b e tw e e n 1 2 0
o

E

a n d 1 60
0

E
.

H o w e v e r
,

it 15 s e e n fr o m F ig
.

7a tha t th e in t e n s iv e e o n v e e t iv e e e n t e r 15 lo e a te d

a r o u n d 10
O

N
.

T h e d iffe r e n e e b e tw e e n th e N E C P / N C A R r e a n a ly s is a n d the O L R
一

d e r iv e d

d iv e r g e n e e m a y b e a tt r ib u t e d t o t he lim it a t io n o f t h e e a p a b ility o f t he m o d e l u s e d in t h e

r e a n a ly s is
.

O f e o u r s e
,

t he la e k o f o b s e r v a tio n a
l d a ta o v e r th is a r e a 15 a ls o a n im p o r ta n t

e a u s e
fo

r th
e d iffe r e n e e

.

F r o m th e a
b o v e d io e u s s io n s

,

it 15 S e e n th a t in C o m p a r igo n w it h t h e e a r
lie

r E c Mw F

a n d C A C a n a ly s is
,

t he N CE P / N CA R
r e a n a ly s is ha s m a d e im p r o v e

m e n ts in t he d e s e r ip t io n

o f t h e t r o p ie a l d iv e r g e n t w in d fi
e
ld

.

B u t fo
r t he A s ia n m o n s o o n r e g io n

,

t he p r o b lern in t he

d e s e r ip t io n s w ith to o s t r o n g in te n s it y o r b i
a s in p o s itio n o f th e d iv e r g e n t e e n t e r s s t ill

e x is t s
.

O n th e o th e r h a n d
,

it 15 in d ie a t e d fr o m th
e s e r e s u lts t h

a t in t he t r o p ie s
,

a
lth o u g h

d iffie u lt i
e s s t llle x is t fo

r d e r lv in g p r e e is e ly t h
e a tm o s p h e r ie d iv e r g e n t w in d f

r o m O L R d a t a
,

it 15 fe a s ible to u s e the O L R
一

d e r iv e d d iv e r g e n t w in d in th e d ia g n o s tie s t u d ie s o f v a r ia tio n s

o f t he t ro p ie a l a tm o s p he r ie e ir e u la t io n
,

e s p e e ia lly o v e r t h e d a t a 一s p a r s e o e e a n le a r e a s
.

T h e s e to o ls e a n e o m p e n s a t e
.

t o s o m e d e g r e e
,

th e s h o r ta g e o f t he o b s e r v a t lo n s in t he

tr o Pie a l r e g io n
.

V
.

A P PLIC A T I()N ()F O L R
一
D E R IV E D D IV E R G E N T W IN D IN D IA G N O ST ICS O F 下H E 1 9 8 2 一 1 9 8 3

E N S O E V E 入T

N u m e r o u s s t u
d ie

s
h

a v e sho w n t ha t th e a n o m a lie
s in rhe tr o P ie a l

s e a s u r
fa

e e

te m p e ra t u r e (SS T ) m a y a ff
e e t t he v e rt ie a

l
a n d h o r iz o n ta l a t m o s p h e r ie e ir e u la t io n a n d t h

e

e
lim a t e a t t he lo w a n d rn id d l

e
l
a t itu d e s

.

U n t il n o w
,

m o s t o f th e r e s u lts in th e tr o p l e a l

e ir e u
l
a tio n a n a

ly
s e s a r e

m
a in ly b a s e d o n t h e e o n v e n tio n a l o b s e r v a t io n s w it h lim it e d

n u n l b e r s o f
s t a t io n s a n d to o l

s (e
.

9
. ,

T e n g a n d F u 1 9 90 ; W
a n g 1 9 8 8 ; a n d T o u r r e e t a

l
.

1 9 8 5 )
.

In t hls 、e e tio n
,

th e J
u
lia n ’s 、e h e

m e is u 、e d to o a le u la t e t h e m o n t h ly d iv e r g e n o e

fie ld fo r th e e lg h t m o n t hs (Ja n u a r y
,

A p r il
,

Ju ly a n d O e t o b e r
,

1 9 8 2 a n d 1 9 8 3 ) o v e r t h e

tr o p le a l r e g z o n w lth in 3 5
O

N 一 3 5
“

5 d u r in g 1 9 8 2 一 1 9 8 3 E N SO e v e n t
.

T he n th e d i
v e r g e n t

w in d 15 d e e o m p o s e d m e r zd io n a lly a n d z o n a lly fo r fu r t he r e a le u la t ln g t he in d ie e s o f l、 (人)

a n d l月 (卯 a n d d iv e r g e n t w in d e o m Po n e n t s
.

Fin a lly t he m a p s o f th e W a lk e r e ir e u la t io n a n d

t he H a d ley e ir e u la tio n a r e d e r iv e d m o n t h by m o n th
.

In
.

t his s e e tio n
,

o u r d is e u s s io n w ill b e

e o n e e n t r a te d o n : 1 ) T he n e w fa e ts re v e ale d fr o m t he O L R a n d e o m p a r in g t he m w it h t h o s e

f
r o n i th e e o n v e n t io n a l o b s e r v a tio n s

,

2 ) t he a n o n : a
lo

u s e ir e u
l
a tio n p a tt e r n ir i t h e t r o p ie s

w hieh 15 e lo s e
ly r e la te d t o t h e a n o m a lie s o f t h e e

lim a t e in Ch in a
.

F ig u r e 9 s h o w s t h e O L R
一 r e t r ie v e d z o n a l e ir e u la tio n o v e r t h

e e q u a t o r ia l r e g io n (1 0
0

5 一
’

l ooN ) d u r in g th e 1 9 8 2 一 1 9 5 3 E N S O
e v e n t

.

T h e m id d le e u r v e r e p r e s e n ts l二
.

Sh o w n in

Fig
.

9 15 t h e e v o lu tio n o f t he W a lk
e r e ir e u la t io n d u r in g t h e p e r io d o f t h e 1 9 8 2 一 1 9 8 3 E N S O
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W

F啥
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9
.

T he d la g r a rn o f the e

0’u
a t o r一a l W

a lk e r e ir e u la t io n d u r i n g the 1 9 8 2 一 1 9 8 3 E N SO e v e n t
.

ba s e d o n the m e a n U , a n d l二 ‘又) a lo n g th e e q u a t o r (b e tw e e n 1 0
0

5 一 1 0
o

N ) d e r i v e d fr o m

t he O L R d a t a w it h J
一 s e he m e

.

T he e u r v e s in t he m id d le o f d ia g r a m r e p r e s e n t l二 (几)

v a r ia t lo n w , t h lo n g lt u d e (几)
.

e v e n t
.

T o v e r ify t h e r e lia b ili ty o f t h e a b o v e 一

m e n t io n e d e ir e u la t i o n
,

it 15 e o m pa r e d w i th

th o s e fr o m o t h e r
d a t a s o u r e e s .

F ig u r e I Oa s
ho w s th e W a lk e r e i r e u la t i o n e a le u la t e d b y

T o u r r e e t a l
.

( 1 9 8 5 ) fr o m th e o b s e rv a t io n a l w i n d
.

C o m p a r i n g F ig
.

g e w i th Fig
.

10 a
.

th e r e

15 a e o n s is t e n e y e o n e e r n i n g t h e a s e e n d i n g b r a n e h o f t h e W a lk e r e ir e u la t io n o v e r t h e e e n t r a l
-

e a s t e rn P a e ifie a n d t h e d e s e e n d in g b r a n e h o v e r th e In d ia n O e e a n
.

B u t Fig
.

g e d is p lays

m u e h m o r e d e ta ils o f t he e ir e u la t io n
.

Co m p a r i n g Fig
.

g e w i th Fig
.

lo b w hie h 15 o b t a i n e d by

W a n g ( 1 9 8 8 ) b y u s in g t h e s u r
fa e e o b s e r v a t io n a l w in d

,

it 15 s
h o w n t ha t t h e r e i s a

e o n s is t e n e y b e t w e e n t h e s e t w o fig u r e s e o n e e r n i n g the a s e e n d i n g b r a n e h o v e r t h e e e n t r a l

P a e ifi e
,

t h e d e s e e n d i n g b r a n e h o v e r t h e
W

e s t P a e ifi e
,

th e a s e e n d i n g b r a n e h o v e r I n d i
a n

O e e a n a n d t h e d e s e e n d i n g b r a n e h o v e r t h e e a s t e r n Pa e ifi e
.

H o w e v e r
,

Fig
.

g e a ls o s ho w s

th a t t h e r e e x i s t s a w e a k a s e e n d in g m o t io n o v e r t h e w id e d e s e e n di n g r e g io n o f t h e e a s t e r n

I n d la n to th e W e s t P a e ifle
,

w h ie h 1 5 a b s e n t in F lg
.

I Ob
.

O n e p o s s ib le r e a s o n 15 t ha t
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Fig
.

1 0 (a ) T he d ia g r a m o f t he m e a n ( b e t w e e n 3 0
0

5 一 3 0
O

N ) W
alk e r o lr e u la t io n fo r t卜e T9 8 2 一

1 9 8 3 w 一n t e r (D JF ) g l v e n by T o u r r e e t a l
.

( 1 9 8 5 ) : ( b ) T h e d la g r a m o f the
W

a lk e r

e ir o u la t io n d u r in g E I N in o d e r iv e d b y W
a n g ( 19 8 8 ) fr o m o b s e r v a t io n a l w in d (e ) T lle

d 一a g r a m o f th e
W

a lk e r e ir e u la t 一o n o f t h e D e e e m b e r 1 9 8 2 d e r i v e d fr o m E C MW F a n a ly s zs

b 丫 T e n g a n d F u (1 9 9 0 )
.

F ig
.

1 0b r e p re s e n ts th e w h o le w i n t e r m e a n o f s e v e r a l E N SO e v e n ts a n d t h e d a t a r e s o lu t一o n

( 1 0
o

X I O
o

) 15 m u e h e o a r s e r th a n O L R d a ta (2
.

5
“

只 2
,

5
“

)
,

F zg u r e 1 0 e s ho w s th e m o n t hly

m e a n W a lk e r e i re u la t lo n i n D e e e m b e r 1 98 2 g iv e n by T e n g a n d F u (1 9 9 0 ) w h i e h 15 o b t a in e d

fr o m t h e w ln d o f E CMW F a n a ly s is
.

It 15 sho w n th a t t h e r e e x is ts n o lo w e r 一 Ie v e l w e s t e r ly

a n d d e s e e n d in g m o t i o n o v e r t h e W e s t Pa e ifie
.

w hi e h 15 q u it e d iffe r e n t fro m Fi g s
.

I Oa
.

I Ob

a n d F i g
.

g e
.

T h e lim i ta t i o n o f t h e E CMW F a n a lys i s i n th e t ro p ie a l d iv e r g e n t w ln d 15 s h o w n

a g a in h e r e
.

A n im p o r ta n t p h e n o m e n o n ha s b e e n s ho w n in F ig
.

9 15 t ha t t h e d e v e lo p rn e n t o f tll e

1 9 8 2 一 1 98 3 E N SO
e v e n t e a n n o t b e d e s e r ib e d a s a s u d d e n r e v e r s a l o f t h e W a lk e r

e I l e u la t io n
,

b u t a s t h e e a s t w a r d nl o v e
m e n t o f t h e a s e e n d i n g b

r a n e h o v e r t l飞e W
e s t P a e ifie

fro m w e s t t o e a s t a lo n g th e e q u a t o r d u r in g t h
e d e v e

lo p m
e n t s t a g e o f t h

e E N SO a n d p a s s i n g

t h r o u g h t h e
d

a t e lin
e d u r ln g t h e p e a k s t a g e in w i n t e r o f 1 9 8 2 / 1 9 8 3

.

T h , 5
le a d s s ig n ifie a :飞-
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lo
e a t io n s hift s fo r th e a s e e n d in g a n d d e s e e n d in g b

r a n e
h

e s o f W a lk
e r e ir e u la tio n

.

M e a n w hile
,

t h e n u m b e r o f th e a s e e n d in g b r a n e he s e ha n g e s fr o m 3 to 5 d u r in g th e Pe rio d

f
r o m Ja n u a r y 1 9 8 2 th r o u g h J

a n u a r y 1 9 8 3
.

It 15 w o r t h n o tin g th a t th e tw o a s e e n d ln g

b r a n eh e s o v e r t he S o u th A m e r ie a a n d A fr ie a a r e s ta ble a n d s t a t io n a r y d u r in g the w h o le

E N SO life e y e le b u t t he a s e e n d in g b r a n ehe s o v e r the e a s t e r n In d ia n a n d t he W e s t P a e lfie

a r e v e r y u n s ta ble w it h s p litt in g a n d m o v in g e a s tw a r d a n d fin a lly p a s s in g th r o u g h th e d a t e

1in e
、

le a d in g to t h
e o e e u r r in g o f th e E N SO

.

T h ls fa e t r a is e d s o m e q u e s t io n s o n h o w to

e x Pla in t he o r e t ie a lly th e o e e u r r e n e e a n d d e v elo p m e n t o f the E N SO
.

N o w le t u s d is e u s s t h e a d iu
s tm e n t o f th e t r o p le a l W a lk

e r e ir e u la t io n a n d th e

W e s t

P a e ifie Io e a l H a d le y e ir e u la t io n a s s o e ia te d w it h elim a te a n o m a lie s in C hin a in 1 9 8 2一 1 9 8 3
.

It 1 5 in d ie a t e d fr o m F ig
.

9 tha t th e W alk e r e ir e u la t io n in t he W e s t Pa e ifie d is p la y s la r g e

d iffe r e n e e b e t w e e n 1 98 2 a n d 1 9 8 3
.

In ja n u a r y 19 8 2
,

t he a s e e n d in g a n d d e s e e n d in g m o tio n s

d o m in a t e d in t he W e s t Pa e ifie a n d th e e e n t r a l Pa e ifie
,

re s p e e t iv e ly
.

w hile in Ja n u a r y 1 9 8 3
.

t he d
e s e e n d in g a n d t he a s e e n d in g m o t io n s

do m in a t e d in t he W
e s t P a e ifi

e a n d t he e e n tr a l

P a e ifie
,

r e s p e e tiv ely
.

In Ju ly 1 9 8 2
,

d e s e e n d in g m o t io n d o m in a te d in the W e s t Pa e ifie a n d

t h e a s e e n d in g m o tio n s
d o m in a te d in t he e a s te r n Pa e ifie

,

w h ile in J
u
ly 1 9 8 3

,

t he a s e e n d
ln g

m o t io n d o m ln a te d in th e W e s t Pa e ifie r e s p e e t lv e ly
.

It 15 o b v io u s t ha t s u eh p r o m in e n t v a r ia tio n o f t he tr o p ie a l W a lk e r e ir e u la t io n m a y

a ffe e t th e lo e a l H a d le y e ir e ula t io n a n d fu r the r le a d s t o the a n o m a lie s o f elim a t e In th e

m id d l
e
Ia t itu d

e s
.

Fig u r e 1 1 s h o w s t h e v a r ia tio n o f t h
e Io e a l H a d le y e ir e u l

a tio n in th e

W
e s t

P a e ifie (2 1 0 一 1 6 0
0

E ) d u r in g the w in te r s a n d s u m m e r s o f 1 9 8 2 a n d 1 9 83
.

It 15 s e e n fr o m

F ig
.

1 1 t ha t t h
e H a d le y e lr e u la t io n 15 r e

la t iv e s t ro n g a n d its p o s itio n 15 s
hift

e d t o t h e n o r t h

a 11 tt le b lt in Ja n u a r y 1 9 8 2
,

w h ile t he H a d le y e lr e u la r io n w e a k e n e d w ith it s Po s itio n m o r e

s
h ift

e
d t o t he s o u th in Ja n u a r y 1 9 83

.

T he lo
e a

l H a d l
e y e lr e u la t io n w e a

k
e n e d w it h it s

p o s it io n s hift e d to t h e n o r th zn Ju ly 19 8 2
,

w hile
,

th e H a d ley e ire u la t io n b e e a m e s tr o n g

(a )J
a n 19 82

~~~ 又 泛二之三三
_

_
_ _ _

_
_ ~

之‘环卜
\\\ 厂 、、

丫丫丫
‘

一
’

一 , 一

厂
一

火州州/
、、

‘‘
’

J 二
’

盯
’

启启

‘‘‘

___ “

了爪爪

火
一

_ _ _
_

二
‘

J _
t

_

{
_

_
_ _ _ _

_

‘

___

厂厂厂一一于行一几几尹尹尹尹尹尹

(c ) J
a 月 1 9 8 3

仁仁仁
一

、

!
,,

几
___

‘‘
’

户 ‘ 护 一一

(d )]
u 1

.

19 83

泛\ 丈之

3 0 2 0 1 0
O

N 0 10
,

5 2 0 30
、

\ \ \ \\
3 0 2 0 1 0

o

N 0 10
0

5 20 3 0

F19
.

1 1
.

T he d r a g r a m o f the lo e a l

E N SO e v e n t
,

b a s e d o n th e

d a t a w ith J
一s e he

me
.

T h e

la t it u d e
.

H a d le y e ir e u la t io n o v er th e

D le a n (b et w e en 1 1 0 一 1 6 0
0

E )

W
e s t Pa e ifie d u rin g 19 8 2 一 1 9 8 3

V : a n d l , (种 d e riv e d fr o m O LR

C U T V e S in th e m id d le s r e p r e s o n t the v a r ia t io n o f l、 (卯 w ith
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w ith its p o s itio n m o r e s hift e d to t he s o u th in Ju ly 19 8 3
.

T he r e s u lt 15 w e ll in a g r e e m e n t

w ith t ha t o f Jia n g e t a l
.

(1 9 8 9 )
.

U s in g t he s a te llite d a ta
,

the y fo u n d t ha r in t he r a in y

ye a rs o f the Cha n g jia n g R iv e r V a ll
e y t he IT CZ o v e r th e W

e s t p a e ifi
e w a s s t r o n g

,

m o r e

s hifre d to the s o u th a n d th e p o s itio n o f th
e s u

b t r o p ie a l hig h
a ls o s hift e d to the s o u th

.

T h u s
,

fro m t he a bo
v e d is e u s s io n it 15 e le a r th a t a fte r th e p e a k p e r io d o f th e E N S O

e v e n t fr o m w in te r 1 9 8 2 / 1 98 3 to s u m m e r 1 98 3
,

t he a s e e n d in g b ra n e h o f t he W a lk e r

e ir e u la t lo n r e 一m a in t a in e d o v e r W e s t Pa e ifie a n d e n ha n e e
d t he a s e e n d in g m o t io n s t r o n g ly

o v e r the re
.

M e a n w hile
.

the lo e al H a d ley e ir e u la tio n o v e r t he W e s t Pa e ifie m o v e d

s o u th w a r d
,

its in te n s一ty w a s la rg e ly e n ha n e e d in the s u m m e r
,

w ith s tr o n g a s e e n d zn g

m o t io n o ve r th e r e g io n be t w e e n 10
0

5 一 1 0
o

N
.

C o n s e q u e n tly
,

it le a d s to t he s t r o n g

d e s e e n d in g m o t io n o v e r S o u th C hin a a n d t he n o r th o f th e So u th Chin a S e a
.

F u rt h e r n o r t h
,

t ha t 15
,

t he lo w e r a n d m id d le
r e a e h e s o f t h e

Ch
a n g jia n g R iv e r V a lle y

,

w e re u n d e r e o n tr o l

o f t h e a s e e n d in g m o tio n
.

T he re fo r e
,

d u r in g t he s u m m e r o f 1 9 8 3
,

th e rn
a in r a in b e lt w a s

lo e a t e
d t he re a n d th e to t a l r a in f

a
ll w a s 2 0 % t o 1 0 0% hig he r

’

th a n u s u a
l

.

A t rhe s a m
e tim e

,

t he d r o u g h t o e e u r r e d in S o u t h C hin a a n d t lle n u tn b e : o f la n d e
d t yp ho o n s w a s o b

v i。 u s ly

r e d u e e d e o m p a r ln g to n o r
m a l y e a r s 于u 19 8 7 )

.

V ]
.
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L a r g e n u m b e r o f e ale u la t 一o n e x p e r 一m e n ts a n d e a s e s t u d ie s s h o w t ha t it 15 p r a e tle a l]y

fe a s ible t o e s tim a t e the t ro p ie al d iv e r g e n r w in d b y u s in g t he s a t e llite
一o b s e r v e d O L R d a ta

.

T h e O L R d e r iv e d d iv e r g e n t w in d e a n e o m p e n s a te th e la ek o f th e o b s e r v a t lo n a l w in d d a t a in

lo w Ia t itu d e s a n d e o r re e t t l: e bia s in 、h
e w in d fie ld a n a ly s ls o v e r t }le rr o p ie s

.

T llis m e t玉lo d

n o t o n ly e a n b e u s e d to irn p r o v e t he in itia l d iv e r g e n t w in d in the n u
m e r ie a l w e a t h e r

p r e d ie tio n
,

b u t a
l
s o e a n b e u s e d to d ia g n o s e th e a n o m a ly o f th e z o n a

l a n d rn e r id io n a l

e ir e u
la t io n o v e r th

e t r o p ie s
.

It 15 e x p e e te d t ha t th i
s n e w t o o l w ill b e u s e d

In t he d
a ily

e lim a t e m o n it o r in g a n d d ia g n o s t le s t u d y in t he n e a r fu t u r e
.

T he a n o rn a li
e s o f the W

a
lk e r e ir e u la tio n d

u r in g 1 98 2 一 19 8 3 E N S O e v e n t e o n s is t in t he

p r o g r e s s lv e e a s t w a r d rn o v e rn e n t a n d e n ha n e e m e n t o f its a s o e n d in g b r a n e h o v e r t he W e 、t

P a e ifle
.

T h e s ha rp eh a n g e s o f th e lo e al H a d le y e ir e u la t io n o v e r t he e e n tr a l
一e a s te r n P a e ifle

ha v e elo s e lin k s w it h t he va r la t io n o f t he a s e e n d in g b r a n ehe s o f W a lk e r e lr e u la t io n
.

It

lm p lie s t he p o s s lble p r o e e s s e s fo r the p r o p a g a tio n o f th e a n o m a lle s fr o m t he t ro p ie s t o t he

m id d le Ia tit u d e in E a s t A s ia n : th e a n o rn a ly in t r o p ie a l S ST in th e C E P e a n g iv e r i、 e to t he

a n o m a
ly o f t h e W a lk e r e ir e u l

a t io n a n d th e n b
r in g fo

r t h t h e a n o m a ly
In t he lo e a l H a d le y

e lr e u la t io n
,

fin a lly le
a d in g to t h e e

lim
a t e a n o m a ly in m id d le la tit u d e s

.

T he r e fo r e
.

t h e

fu r th e r o b
s e r v a tio n a l a n d t he o r e t ie a l ela r ifl

e a tio n in t he p h y s ie a l 11 n k a g e b e t w e e n t h
e

a n o m a lie s o f t he W a lk
e r e ir e u la t io n a n d H a d ley

e ir e u la tio n w ill b
e

he lp fu l a n d
v a lu a ble to

fu rt he r re v e a
l the in te ra e tio n b e t w e e n t h e

lo w
一

l
a tit u d e a n d m id

一

l
a t it u d

e p r o e e s s e s a n d t o

e n h a n e e the p re d i
e ta bilit y o f t he e lim o te v a r ia b ilit y in m id

一

la titu d e s
.

T he Pr e s e n t p a p e r

In v o lv e s o n ly o n e E N SO e a s e
,

fu r t he r d ls e u s s io n 15 e x p e e t e d w ith m o r e e a s e s
.

W
e w o u ld lik e t o rha n k Pr o f

,

X ie A n fo r h is he lp In p r o v id in g th e p r o g r a m fo r eo n v e r sin g the ()L R t o

d Iv e r g e n e e in Ju lia n ’5 s e he m e a n d th e a n o n ym o u s r e v le w e r s fo r e o n s t r u e tiv e s u g g e s t io n
.

T he O I R d a t a

u s ed in th is p a p e r a r e p r o v ld e d b y CA C
.
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