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IN FL U E N C E O F IN T E R A C T IO N

M ID D L E L A T IT U D E S O N E N SO

IN T H E C A N E
一Z E B IA K M O D E L

B E T W E E N L O W A N D

V A R IA B IL IT Y

N i Yu
n 叮i (倪允琪 )

D e p a r t m e n t o f A tm o s p h e rie S e ie n e es
,

N a n jin g U n iv e r s it y
,

N a n ji
n g 2 1 0 0 9 3

R e e e iv ed M
a y 3

,

1 9 9 5 ; r e v is e d N o v e m b e r 1 4 1 9 9 5

A B S T R A C T

In th is p a P e r a n e r r o r s o u r e e in th e a tm o s Ph er ie eo m p o n en t o f th e C Z (C a n e 一

Ze b ia k) m o d e l 15

d is e u s s e d w h ie h 15 m is s in g a fr e e m o d e in
“

the e x a e t s o lu tio n s
’ .

H o w e v e r
,

th e im p r o v e d s e he m e

15 p r o p o s e d
,

w h ie h 15 th e eo m p u ta tio n a l s eh e m e w ith a d j
u s te d w in d o r o b se r v e d u a n d 二 a s la te r a l

b o u n d a r ie s
.

T h e sim u la tio n s s h o w th a t th e sim u la te d s u rfa e e w in d b y rh e im Pr o v e d s e he m e s tro n g
-

ly be a r s r e se m b la n e e t o th e o b se r v a tio n e x e e Pt fo r t he a r ea n ea r th e w e s t a n d th e e a st bo u n d a r ie s o f

th e in te g ra t e d a r e a
.

T h e s e r e s u lts su p p o r t th e eo n elu s io n tha t t he w in d s t r e ss sim u la te d by t he im
-

p r o v e d s eh e m e w ith la te r a l bo u n d a rie s 15 m u e h b e tte r th a n t ha t s im u la te d b y t h e C Z m o d e l
,

a n d

s h o w t ha t in te r a e tio n be t w e e n lo w a n d m id d le la titu d e s h a s a n im p o r ta n t in flu e n e e o n th e E N S O

v a r ia bilit y in th e C Z m o d e l
.

T h e r e fo r e
,

eo n s id e r in g it s im p a et o n th e C Z m o d e l e a n im p r o v e ea p a -

b ility o f th e C Z m o d e l fo r s im u la tin g E N SO v a r ia b ility
.

K e y w o rd s : in te r a etio n E N SO v a r ia b ility
,

er r o r s o u r ee
,

a tm o s ph e r ie e o m p o n e n t
,

la te r a l b o u n d a r y

1
.

IN T R O D U C T ION

D u r in g th e p a s t d e e a d e s
,

r e s e a r eh e s h a v e led to a n u n d e r s ta n d in g th a t fo r m a tio n o f E I

Ni
n o 一

S o u th e r n O s e illa tio n (E N SO ) 15 d u e t o th e o P e r a t io n o f a n a t u r a l e o u Ple d o s e illa t o r

o f th e o e e a n 一 a tm o s p he r e s ys te m in th e tr o p ie a l Pa eifie (G r a ha m a n d W h it e 1 9 8 8 : H ir s t

1 9 8 6 : 1 9 8 8 : P hila n d e r e t a l
.

1 9 8 4 : C a n e a n d Z e bia k 1 98 5 ; Z eb ia k a n d C a n e 1 9 8 7 )
.

T he r e

a r e th r e e m a in e o m Po n e n t s in the o e e a n 一 a tm o sPh e r e sys t em o f th e tr o p ie a l Pa e ifie
,

th a t 15
,

s e a s u r fa e e t em p e r a t u r e
,

s u r fa e e w in d
,

a n d th e th ie kn e s s o f the w a r m u Pp e r la ye r o f the

o e e a n
.

A m o n g the m
,

th e im p o r t a n e e o f s u r fa e e w in d r e e e n tly h a s b e e n u n d e r s e o r e d by d e -

v elo p m e n ts in th e th e o r y a n d m o d e lin g o f t r o p ie a l o e e a n 一 a tm o s p he r e in t e r a e t io n
.

E s p e e ia l
-

ly
,

th e z o n a l e o m p o n e n t o f the s u r fa e e w in d w ith in th e e q u a t o r ia l w a v e g u id e r e g io n be -

e o m e s m o r e im p o r ta n t
,

in w h ie h it s eh a n g e e a u s e s e ha n g e s in the s lo p e o f th e s e a s u r fa e e

a n d in th ie k n e s s o f the u p p e r la ye r
,

fin a lly
,

it e a n g iv e r is e to g e n e r a t in g K elv in w a v e s

w ith P o sit iv e fe ed b a e k P r o e e s s (S eh o Pf a n d S u a r e z 1 9 8 8 : B a t tis t i 1 9 8 8 )
.

A w a y fr o m th e

e q u a to r
,

the w in d s t r e s s e a n e a u s e e ha n g e s in u p p e r la ye r thie k n e s s v ia E k m a n p u m p in g

p r o e e s s r e s u lt in g in g e n e r a t in g th e ba r o e lin ie R o s s by w a v e s w ith the n e g a t iv e fe e d b a e k

p r o e e s s (S eh o p f a n d S u a r e z 1 9 8 8 ; B a tt is t i 1 9 8 8 ; G r a h a m 1 9 8 7 ; C a n e 1 9 8 4 )
.

O bv io u s ly

the s e tw o fe e d b a e k p r o e e s s e s a r e n e e e s s a r y fo r fo r m a tio n o f th e E N S O e yele (G r a ha n a n d

T h

T his st u d y w as s u p p o r te d by th e p r o
j
e e t

“

S tu dy fo r C lim a t e
Dy

n a m ie s a n d C lim a te Pr e diet io n

e o ry
·
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W h it e 1 9 8 8 )
.

T he r e fo r e
,

s im u la t io n o f s u r fa e e w in d in th e t r o p ie a l Pa e ifie 15 5 0 im p o r t a n t

tha t it d e te r m in e s w he the r the E N S O eye le e a n b e sim u la te d in th e m o d e l
.

Fu r the r m o r e
,

the a b o v e s tu d ie s o n fo r m a tio n the o ry a n d d yn a m ie s o f E N S O sh o w th a t s im p le m o d e ls o f

th e a tm o s p he r e e o u p le d w ith s im p le m o d e ls o f the o e e a n h a v e r e e e iv e d a g r e a t d e a l o f

a e hie v e m e n t a n d a t t e n t io n r e e e n tly
.

Su eh m o d e ls h a v e sh o w n the m s e lv e s c a p a b le o f r e a lis
-

t ie a lly r e p r o d u e in g th e m ajo r la r g e 一 s e a le fe a t u r e s o f th e EN SO p h e n o m e n a (C a n e a n d Z e bi
-

a k 1 9 8 5 : Ze b iak a n d C a n e 1 9 8 7 ) a n d the C a n e 一

Ze b ia k (C Z he r e in a fte r ) m o d e l h a v e g iv e n

s u e e e s s fu l p r e d ie tio n fo r the 1 9 8 6一 1 9 8 7 E I N in o 9 m o n ths in a d va n e e (C a n e e t a l
.

1 9 8 6 :

Z e b ia k a n d C a n e 1 9 8 7 )
.

It 15 n o t e d tha t e x p e r im e n ta l p r e d ie t io n s w ith th e his t o r ie a l d a t a

fr o m 1 9 6 0 t o the p r e s e n t h a v e a ls o sh o w n th a t the C Z mo d e l ha s th e Po t e n tia l to P r o d u e e

g e n e r a lly r e lia ble E I N in o fo r e e a s t a t le a d t im e u p to a y e a r o r m o r e (Ca n e e t a l
.

1 9 8 6 )
.

H o w e v e r
,

G o s w a m i a n d S h u k la (1 9 9 1 ) a n d B lu m e n tha l (1 9 9 2 ) s t u d ie d th e p r e d ie t a b ility

o f th e C Z m o d e l
.

G o s w a m i a n d S h a kla p o in t e d o u t th a t the e r r o r g r e w u p q u ie kly a ft e r the

C Z m o d el w a s in te g r a te d fo r th r e e m o n ths a n d the e r r o r m a in ly e am e fr o m th e a tm o s p he r ie

e o m Po n e n t o f th e C Z m o d e l
.

H o w e v e r
,

in flu e n e e o f in te r a e t io n b e tw e e n lo w a n d m id dle

la t itu d e s o n E N SO v a r ia bility in th e C Z m o d el h a s
no t b e e n e o

ns id e r e d (C a
ne

a

nd Ze b iak

1 9 8 5 ; Z e bia k a n d C a n e 1 98 7 )
.

T he r e fo r e
,

e o n s id e r in g the in flu e n e e o f in t e r a e tio n b e tw e e n

lo w a n d m id dle la t itu d e s in the C Z m o d el s ho u ld be im p o r t a n t fo r fu r th e r s t u d yin g the fo r -

m a t io n m e e ha n ism o f E N SO e yele
.

T hu s
,

im Pr o v e

me
n t o f th e s im p le a t

mo
s p h e r ie mo d e l

w ill b e n e fit fu r th e r e

ffo
r ts t o im Pr o v e th e P r e d ie tio n o f E I N in o a n d t o d e v elo P th e o r e tie a l

s t u dy o f E N S O u s in g th e CZ m o d e l
.

A p p a r e n tly
,

the r e a r e tw o q u e s tio n s th a t m ig h t be

s t ill o P e n
,

tha t 15
,

(i) w ha t 15 the m a jo r s o u r e e o f th e e r r o r s in th e a tm o sPhe r ie e o m P o n e n t

o f the C Z m o d e l; a n d (i i) ho w t o im p r o v e the s im p le a tm o s p he r ie m o d e l a n d be tt e r s im u -

la t e the s u r fa e e w in d in th e t r o p ie a l Pa e ifie
.

In th is p a p e r
,

w e a tt e m p t t o a n sw e r th e a b o v e tw o q u e s tio n s
.

S tu d y in g s h o w s th a t

th e r e in d e e d e x is t s th e d r a w ba e k in the s im p le a tm o s p h e r ic m o d el r e s u ltin g in m a jo r e r r o r s

o f th e s im u la te d s u r fa e e w in d
.

T h e s e r e s u lts w ill b e d is e u s s e d in Se e tio n 111
.

In S e e t io n IV

a n im Pr o v e d e o m P u t a t io n a l s e he m e o f the s im Ple a tm o s Ph e r ie m o d el w ill be P r o Po s ed a n d

t e s t e d
,

tha t 15
,

t o s o lv e a e o m p le t e b o u n d a r y v a lu e p r o blem w ith th e fo r e in g t e r m in th e

t r o p ie a l Pa e ifie r e g io n u s in g s u r fa e e w in d a s la t e r a l b o u n d a r ie s
.

In Se e tio n V
,

w e d is e u s s

v a r ia bility o f s u r fa e e w in d s im u la t e d b y the im Pr o v ed s eh e m e
.

T he fin a l s e e t io n 15 d is e u s -

sio n a n d e o n e lu sio n s
.

11
. “

E X A C T SO L U T IO N S
’

O F T H E A T M O SPH E R IC CO MP O N E N T O F T H E C Z MO D E L 一

A PP LIC A T ION O F A D JU S T E D SU R FA CE W IN D T H E O R Y

M e Cr e a r y e t a l
.

(1 9 9 1 ) p o in te d o u t th a t it 15 g e n e r a lly d iffie u lt o r im p o s s ib le to e o m
-

p a r e th e sim p le m o d e l e lo s e ly w ith o b s e r v a tio n s
,

a n d he n e e m a n y o f the m a r e u n t e s t a ble
.

In o r d e r t o g ain a n in s ig h t in t o th e e r r o r s o u r e e in th e s im p le m o d e l
,

h o w e v e r
,

w e m u s t

lo o k fo r e x a e t s o lu t io n s o f th e m o d e l
,

w h ie h n o t o n ly s a t isfy the e q u a t io n s e o n s t r u e t in g the

s im Ple m o d e l
,

b u t a ls o a r e e lo s e t o o b s e r v a t io n s
.

T he a dju s t e d s u r fa e e w in d th e o r y Pr o -

p o s ed b y Z eb iak (1 9 9 0 )
,

w h ie h e s t im a te s th e s u r fa e e p r e s s u r e field u sin g the o b s e r v ed

w in d s
,

a n d the n r e e o n s t r u e t s th e w in d fr o m the p r e s s u r e in a e e o r d a n e e w ith th e g o ve r n ing
e q u a t io n s

,

m ig h t b e e o n s is te n t w ith th e a bo v e r e q u ir e m e n t s
.



1 6 2 A C T A ME T E O R O L O G ICA S IN ICA V o l
.

1 0

T h e lin e a r n o n 一

d im e n s io n a l m o m e n t u m e q u a tio n s m a y b e w r it t e n a s

翎 一 J甲 - 一 P刀

印 十 y u - 一 P二

(la )

(lb )

w h e r e P 15 the s u r fa e e p r e s s u r e
,

a s s u m in g u a n d v r e s p e e t iv e ly t o d e n o t e e o m p o n e n t s o f

o b s e r v ed w in d
,

the r efo r e
,

P
二 a n d P

, e a n b e o b t a in ed fr o m (la ) a n d (lb )
.

B u t E q s
.

(l a )

a n d (lb ) im Ply a Pa r tie u la r r ela t io n be tw e e n the w in d e o m p o n e n t s tha t d o e s n o t h o ld in

the d a t a d u e t o e r r o r s a n d n e g le e te d t e r m s
.

T hu s
,

th e p r e s s u r e field 15 n o t u n iq u e ly d e te r -

m in e d
.

T h e a p p r o a e h w a s to e o m p u t e m a n y e s t im a t e s o f th e p r e s s u r e fie ld by in t e g r a t e d

(la 一 lb ) a lo n g d iffe r e n t p a th s a n d t o a v e r a g e th e m
.

Fin a lly
,

th e p r e s s u r e field w a s o b
-

ta in ed
.

W
e u s e P

‘ t o d e n o te th is p r e s s u r e fie ld d e r iv e d fr o m o b s e r v e d w in d
.

T he n
,

w e a s -

s u m e a g a in tha t the w in d field r e s p o n d in g to the p r e s s u r e fie ld P
‘ s t ill s a t isfie s th e fo llo w

-

In g eq u a t lo n s :

。u ,
一 少v ,

= 一 P
x ,

,

(Za )

匀
‘

+ 少u ‘ = 一 P
, ‘

.

(Zb )

T h u s
,

u ‘ a n d y , e a n be e a le u la t e d fr o m E q s
.

(Za ) a n d (Zb )
,

w h ie h r e fe r t o a s a diu s t e d

w in d
.

Fu r the r m o r e
,

th e fo r e in g t e r m 一 the he a t in g fie ld e a n be e o m p u t e d fr o m the a d iu s t
-

e d w in d u , a n d y ‘ a n d p r e s s u re P
‘ a e e o r d in g t o th e fo llo w in g e q u a t io n (Z e bia k 1 9 9 0 ) :

Q
‘
一 动

‘

+ 甲
· v ,

.

(3 )

It 15 n o te d tha t the e a le u la t e d a r e a o f th e he a t in g fie ld 15 o n e s m a lle r eir ele tha n tha t o f th e

a diu s t e d w in d a n d p r e s s u r e
.

T he r e fo r e
,

E q s
.

(Za )
,

(Zb ) a n d (3 ) e a n r e e o n s t r u e t th e fo l
-

lo w in g e q u a tio n s w ith la t e r a l b o u n d a r y e o n d it io n s :

￡u 一 yV 十 P
二

一 0
,

(4 a )

印 + 夕u + P
,

一 o
,

(4 b )

动 + 甲
· v 一 Q

,

(4c )

u }

v

{
P }

:a , era , 、。u n d, ; es
.

(4 d )

H e r e
,

n o te th a t u
,

v
,

P a t la te r a l b o u n d a r ie s a r e g iv e n b y th e a diu s t ed w in d a n d p r e s s u r e

d e r iv e d fr o m o b s e r v e d w in d o u t sid e th e e a le u la t e d a r e a o f th e he a t in g field
.

O b v io u s ly
,

飞x a e t s o lu t io n s ” s a t isfyin g E q s
.

(4a ) 一 (4 e ) w ith t he fo r e in g t e r m e a le u la t e d b y (3 ) a r e

a dju s te d w in d a n d p r e s s u r e d e r iv e d fr o m th e o b s e r v e d w in d in th e s a m e a r e a a s Q t e r m
.

R e s u lts (Z eb ia k 1 9 9 0 ) sh o w th a t a dju s t e d w in d a n d d e r iv e d p r e s s u r e a r e v e r y 。lo s e t o o b
-

s e r ve d s u r fa e e w in d a n d s e a le v el Pr e s s u r e
.

A e e o r d in g to th e lin e a r the o r y
,

in fa e t
,

s o lu tio n o f E q
.

(4 ) 15 sin g le ba r o elin ie m o d e

w h ie h e a n be d e e o m p o s ed in t o th e fr e e m o d e a n d the fo r e in g m o d e a n d the y r e s p e e tiv e ly

s a t isfy the fo llo w in g e q u a t io n s :

,,

�口0

(5 )

并 0
,

w he r e t he fr e e m o d e 15 s a t is fie d
,

a n d
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(6 )

一 O
,

w h e r e th e fo r e in g m o d e 15 s a t is fie d
.

O b v io u s ly
,

s o lu tio n s o f E q
.

(5 ) p lu s s o lu tio n s o f

E q
.

(6 ) e o n s tr u e t s o lu t io n s o f E q
.

(4 )
,

w h ie h a r e “e x a e t s o lu tio n s ’ o f a tm o s p he r ie e o m p o -

n e n t o f th e C Z m o d e l w ith th e fo r e in g t e r m Q e ale u la t e d by E q
.

(3 )
.

1 11
.

D IFFE R E N C E BE T W E E N T H E SO LU T IO N OF T H E A T MO S PH E R IC C O MPO N E N T O F T H E

C Z M O D E L A N D T H E
“

E X A C T S O L U T IO N
’

E q
.

fo r e
,

In the o r ig in a l e o m p u ta tio n a l s e he m e o f th e

(4 ) 15 s o lv e d by u s in g s p e e tr a l d e e o m p o s it io n

a tm o sPhe r ie e o m P o n e n t o f th e C Z

In X
, a n d fin ite d iffe re n e in g in 少

.

m o d e l
,

T h e r e -

the fin ite d iffe r e n e e e q u a tio n o f s o lv in g th e s p e e t r a l e o effie ie n t V m a y be w r it t e n a s

V ,

一 + 产餐
全一 2 一

等
,

卜 △ , 2 (一 + 、2) ) v , + v
, + ,

一鲁龟
一

律瓮丛
yj。

,
+

鲁龟
+ l

,

(7 )

w h e r e
△ 夕 15 the g r id

b o u n d a r y e o n d it io n in

t im e
,

Q
。
一 0 a n d Q、+ l

sPa c ln g

(7 ) 15

,

a n d N 15 th e t o t a l n u m be r o f in t e r io r

tha t V = 0 (1
.

e
.

V 。
= 0 a n d V N + z

一 0 )

g r id p o in t in 少
.

a t th e P o le
.

A t

T h e

S a n le

= 0 a r e g iv e n
·

O n e e th e {V
,

} a r e fo u n d
,

the {U
,

} a r e o b ta in e d u s in g

(k
,

+ : 2)Uj = 勺
, V ,

/ 2 +
ik

2△y
(V

, + ,
一 V , 一 l) + ik 之

,
,

j ~ 1
,

N
.

(8 )

In th is e a le u la tio n
,

th e d o m a in in 夕 15 fr o m 一 7
.

9 (7 9
0

5 ) t o + 7
.

9 (7 9
o

N )
,

a n d △夕=

0
.

2 (一 2 0 0 k m )
.

T h e s p e e t r a l d e e o m p o s itio n 15 d o n e u s in g a 6 4
一

p o in t FFT
,

a n d the do--

m a in in x 15 th e fu ll 3 6 0
0

lo n g it u d e
,

g iv in g a s p a t ia l r e s o lu t io n (in x ) o f a bo u t 6 0 0 k m
.

It

15 n o te w o r t hy th a t p a r a m e te r iz e d m e th o d fo r th e e o n v e e t iv e he a tin g
,

w h ieh 15 r ela t e d t o

S S T A
,

e o n v e r g e n e e in th e lo w e r t r o p o s p he r e
,

a n d fe e d ba ek t o s u r fa e e w in d
,

15 u tiliz e d in

the a tm o sPhe r ie e o m Po n e n t o f th e C Z m o d e l
.

H o w e v e r
,

th e s e fe e d b a e k Pr o e e s s e s b e tw e e n

la te n t h e a t r e le a s e in a r e a s o f o r g a n iz e d e o n v e e t io n a n d the w in d fie ld a r e a v a ila b le fo r the

t r o p ie a l r e g io n
.

In o r d e r t o e o m p a r e th e s o lu t io n s o f E q s
.

(7 ) a n d (8 ) w ith a dju s t e d w in d

(
“ e x a e t s o lu tio n s ”

)
,

Q e ale u la t e d by (3 ) 15 u s e d in s t e a d o f p a r a m e t e r iz e d Q in (7 ) a n d

(8 ) fr o m 2 5
0

5 to 2 5
O

N
.

T h e d iffe r e n e e m a p s b e tw e e n th e s im u la t e d s u r fa e e w in d by (7 )
,

(8 ) a n d (3 ) a n d ad
-

ju s t e d w in d a r e sh o w n in F ig s
.

la 一 If
,

T he d iffe r e n e e m a p s e le a r ly sh o w th a t th e r e e x is t

o bv io u s d iffe r e n e e s in the s im u la t ed s u r fa e e w in d s by (7 ) a n d (8 )
,

e s p e e ia lly o ff th e e q u a -

to r
J

a n d the d iffe r e n e e s a r e d e e a ye d fa r a w a y fr o m the n o r th a n d s o u th b o u n d a r ie s o f th e

a r e a w h e re Q 15 e a le u la te d b y (3 )
.

Fu r the r m o r e
,

th e d iffe r e n e e s s t ill h a v e a n in fl u e n e e o n

the w in d a lo n g th e e q u a t o r in th e m o s t e a s e s a lth o u g h th e d iffe r e n e e s n e a r th e e q u a t o r a r e

m u eh s m a lle r tha n th o s e n o r th o f s
o

N o r s o u th o f s
“

5
.

W he r e d o the d iffe r e n e e s e o m e fr o m ?

A t fir s t
,

w e ha v e t o k e e p in m in d tha t (i ) th e he a t in g field Q 15 o n ly e a le u la t ed in th e

Pa e ifie r e g io n fr o m 2 5
0

5 t o 2 5
o

N b y u s in g E q
.

(3 ) fr o m a diu s t ed w in d a n d d e r iv ed p r es s u r e
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了
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J

80
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丫V

Fi g
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1
.

D iffe r e n e e m a p s be t w e e n th e s im u la t e d s u r fa e e w in d a n o m a lie s b y t h e C Z m o d e l a n d a dj
u s t e d

w in d a n o m a lie s
.

(a ) M
a r e h 1 9 8 3 ; (b ) Ja n u a r y 1 9 8 4 : (e ) Fe b r u a r y 1 9 8 6 ; (d ) Ja n u a r y 1 9 8 7 :

(e ) De
e e m be r 1 9 8 7 ; (f ) Ju ly 1 9 8 8

.

a n d Q 15 z e r o o u t s id e t he r e g io n ; (11) th e m o d e l 15 in t e g r a t e d fr o m 0
0

to 3 6 0
0

in lo n g it u d e

a n d fr o m 7 9
0

5 t o 7 9
o

N in la t it u d e w it h t he la t e r a l b o u n d a r y e o n d it io n v 一 0
.

T hu s
,

t he 5 0 -

lu t io n s in t he a r e a w it h n o n 一 z e r o Q e a n b e o b t a in e d a n d th e s o lu t io n s a lo n g t h e e ir e le o u t
-

s id e t he a r e a w it h n o n 一 z e r o Q (a t 2 7
0

5 a n d 2 7
O

N ) a r e o n ly d e t e r m in e d b y v a n d Q a lo n g th e

e ir e le o f th e bo u n d a r y o f t h e a r e a w it h n o n 一z e r o Q
,

w h ie h a r e n o t r e la te d t o u a n d v o u t s id e

t h e a r e a w it h no n
一

ze r o Q
,

a n d t he s o lu t io n s in o t he r a r e a a r e e q u a l to ze r o b y u s in g E q s
.

(7 ) a n d (8 )
.

T h e r e fo r e
,

it e a n b e t ho u g ht t ha t t he a t m o s p he r i e e o m p o n e n t o f th e C Z m o d e l w r itt e n

b y E q s
.

(7 ) a n d (8 ) w it h t h e e a le u la te d d o m a in fr o m 0
0

to 3 6 0
0

in lo n g it u d e a n d fr o m 7 9
0

5

t o 7 9
O

N in la t it u d e a n d Q g iv e n in t he t r o p ie a l Pa e ifie fr o m 2 7
0

5 t o 2 7
o

N (in e lu d in g n o n 一 z e -

r o Q fr o m 2 5
“

5 t o 2 5
o

N a n d z e r o Q a lo n g t he 2 7
0

5 a n d 2 7
o

N la t it u d e s ) a n d z e r o Q in o t h e r

a r e a s 15 ba s ie a lly e q u iv a le n t t o t h e fo llo w in g bo u n d a r y v a lu e p r o ble m :

{
翩 一 y v 十 P

二

~ 0,

印 + yu + P
,

一 0,

印 十 军
· v 一 Q

,

u
,

v
,

P }
, a ,。r a ; 、。u n d o r ,

= o
,

(9 )

a t y = 2
.

9
,

a n d t he e a le u a lt e d

(5 )
,

(6 ) a n d (4 )
,

a r e a e o v e r s t he t r o Pi e a l P a e ifi e fr o m 2 7
0

5 t o

一 2
.

9

2 7
o

N
.

w e e a n fin d t ha t (9 ) 15 r e s p o n d in g t o (6 )
,

t ha t 15
,

a r e
o n ly in v o lv in g t he fo r e in g m o d e o f E q

.

(4 ) w h ie h p r o d u e e s “e x a e t

s p he r i e e o m p o n e n t o f t h e C Z m o d e l
.

O b v io u s ly
,

t he “e x a e t s o lu t io n s ’

in g t h e s o lu tio n s o f E q
.

( 9 ) s ho u ld b e e q u a l t o t he fr e e m o d e fr o m

e le a r ly t h a t t he s o lu tio n s fr o m t he o r ig in a l s e h e m e s ( 7 ) a n d ( 8 )

Co m p a r in g ( 9 ) w it h

t h e s o lu t io n s o f (9 )

s o lu tio n s ” o f a t m o -

o f E q
.

(4 ) s u b t r a e t
-

E q
.

( 5 )
.

T h u s
,

it 15

o f th e a t m o s Ph e r i e
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e o m Po n e n t o f th e C Z m o d e l lo s t th e fr e e m o d e P a r t o f th e “ e x a e t s o lu tio n s ’ .

T he fr e e

m o d e im Plie s im Pa e t o f la t e r al b o u n d a r ie s w ith n o n 一z e r o o n the s o lu t io n s in s id e th e e a le u -

la t e d a r e a
.

T h is m e a n s th a t in th e o r ig in a l e o m p u t a t io n al s eh em e
,

in te r a e t io n be tw e e n

flo w field s o u t s id e a n d in s id e th e e a le u la te d a r e a 15 n o t in v o lv e d
.

A s a r e s u lt
,

the s o lu t io n s

fr o m th is s eh e m e o n ly e a n e x Pr e s s the flo w fie ld in a n is o la t ed tr o p ie a l a tm o s p h e r ie s ys -

t e m
.

T h e r e fo r e
,

w e e a n e o n e lu d e th a t th e s o u r e e o f the e r r o r s in the o r ig in a l s e he m e o f a t
-

m o s p he r ie e o m P o n e n t o f th e CZ m o d e l e o m e s fr o m 10 5 5 o f th e fr e e m o d e in e lu d e d in the

“e x a e t s o lu t io n s ” .

In o th e r w o r d s the e ffe e t o f the flo w field o u t sid e th e e a le u la te d a r e a

o n tha t in sid e the a r e a u n e o n s id e r e d in the s e he m e 15 a s o u r e e e a u s in g the d iffe r e n e e s b e -

tw e e n the s o lu tio n s fr o m th e a tm o sPhe r ie e o m Po n e n t o f th e C Z m o d e l a n d
“
the e x a e t s o lu

-

tio n s ’ .

IV
.

A N IMPR O V E D S C H E M E W IT H C OMP LE T E LA T E R A L BO U N D A R Y C ON D IT ION

T he s e he m e e x a e tly s o lv in g E q
.

(4 ) s ho u ld in v o lv e tw o a s p e e t s : o n e 15 tha t th e e o m
-

p u t a t io n al s eh em e in elu d e s e o m p le t e b o u n d a r y e o n d it io n s
,

w h ieh 15 p r o p o s e d a s e o m Ple te

b o u n d a ry v a lu e p r o b lem : the o th e r 15 tha t the s o lu tio n s fr o m the s e he m e e o m p le te ly in
-

elu d e fr e e m o d e a n d fo r e in g m o d e o f E q
.

(4 )
.

T h e r e fo r e
,

a n im p r o v e d s eh em e w h ieh s a t is
-

fi e s the a b o v e r e q u ir em e n ts s ho u ld be a s fo llo w s
.

A s s a m e a s th e o r ig in a l s e he m e o f th e a tm o s p he r ie e o m p o n e n t o f the CZ m o d el
,

E q
.

(4 ) 15 s o lv e d b y u s in g s p e e tr a l d e e o m p o s it io n in x a n d fin ite d iffe r e n e in g in 少
.

T h e r e fo r e
,

th e fo llo w in g e q u a t io n s e a n b e o b t a in e d
:

{‘ 一 刃/2 一 ‘
kP.

{
‘v + ’

U/
2

一
尸” 、

l护 + ik U + V ,

- 一 Q
,

(1 0a )

(1 0 b )

w he r e U
,

V
,

P
,

Q a r e s p e e t r a l e o e ffie ie n t s
.

F r o m E q s
.

(1 0 a ) a n d (1 0e )
,

(1 0 e )

w e e a n g e t the

fo llo w in g fo r m u la
:

g (。
,

+ k Z) 一 i* 之+ 夕ev / 2 + i是v
,

.

(1 1 )

S im ila r ly
,

the fo llo w in g e q u a t io n 15 o b ta in e d fr o m E q s
.

(loa ) a n d (lo b ) :

心
, i* , g / 2 一 i。。v 一 v / 2 一 兽v

,

‘

一 O (1 2 )

a n d fr o m E q s
.

(1 0 b ) a n d (1 0 e )
,

w e e a n o b ta in

i、u
,

+ v 。 一 : Z
v 一 勺u / 2

一 之
,

.

(1 3 )

E lim in a t in g th e fir s t t e r m in E q s
.

(1 2 ) a n d (1 3 )
,

a n d s u b s tit u tin g (1 1 ) in t o the r e s u lt in g

e q u a tio n
,

th e v a r ia b le U 15 fin a lly e lim in a te d a n d th e fo llo w in g e q u a t io n w ith a v a r ia ble V

15 o b ta in e d
:

夕2 .

ik _ 2 : 2 、 , 二

六
.

ik 六
犷 ” 州卜 、一 下丁 , 尸 万二一

‘
一

况 ) v
一一 叼

,

寸
‘

不二y呀
·

任 乙 C ‘匕

(14 )

E lim in a tin g the V ” te r m in (1 3 ) u s in g (1 2 ) a n d th e n s u bs t it u t in g (1 1 ) in t o

e q u a t io n
,

th e v a r ia b le V 15 elim in a t e d a n d w e e a n o b t a in th e e q u a t io n w ith a

fo llo w s :

the r e s u lti

v a r ia ble U

ll g

a S

。
, ,

一 (军+ 禁+ 扩 + * 2 )二

4 乙七
一一 ik Q +

1
、 , y 入

万
F ,
一 不呀y. (1 5 )
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V yy -
V , + 1

+ V , 一 ,
一 ZV j

△少

V ,

=
V j+ z

一 V
, 一 l

2△y

之
,
_ 之

, + ,
一 趁

J 一 1

2△y

the fin it e d iffe r e n e e E q s
.

(1 4 ) a n d m a y be w r itt e n a s

V ,一 l
+ (兰

尤△少k

2 C
一 2 一

(1 5 )

△犷
4
对 一 △夕2

(‘
,
+ k , ) ) V ,

+ V , + l

_ △y n .

衍△少k
_

。 .

△y。

一 一 一石一叹
, 一 1 , 广 一一下二一一 y , 叹1 节尸 一下一叹 少+ 卜

““
j 一 l

,

N
,

(1 6 )

,

衍△少k . 。 .

△犷
灯 i一 1

一
又一- 丈丁一一 勺一 ‘ 节广 一- 丁一

~

乙七 任

夕,

+ △夕
2
(￡

,
+ k Z) )U j + U

, + 1

一 咎
(v j+ ,

一 v
, 一 1 ) +

兽
y ,

心
, + ,
一 Qj一 1 ) 一 *二△, 2 、Q j

,

j 一 1
,

、
‘七 任C

(1 7 )

a n d the la t e r a l bo u n d a r y e o n d it io n s a r e

叫
V }

, 一。
.

N + 1
. (1 8 )

T h。 d iffe r e n e。 E q s
.

(1 6 ) 。n d (1 7 ) w ith th。 fo r ein g te r m 乏
。a le u la te d b y (3 ) 。r 。 。a le u

-

la t e d fr o m 0
0

t o 3 6 0
0

in lo n g it u d e a n d fr o m 2 5
o

N t o 2 5
“

5 in la tit u d e
.

T he la te r a l bo u n d a r y

e o n d itio n s a r e g iv e n by U e o m p o n e n t a n d V e o m p o n e n t o f th e a d ju s t e d w in d a t 2 7
o

N a n d

2 7
0

5
.

In o rd e r t o e o r r e e tly e o m p u t e Q
,
in E q s

.

(14 ) a n d (15 ) a t 2 5
o

N a n d 2 5
“

S
,

the Q v al
-

u e s a t 2 7
o

N a n d a t 2 7
0

5 a r e a ls o g iv e n u sin g (3 )
.

T he s a m e s ix e a s e s a s tho s e e a le u la te d by the o r ig in a l s eh em e o f a tm o s p he r ie e o m p o -

n e n t
,

w h ie h a r e a r bit r a r ily e ho o s e
,

a r e e a le u la t e d b y (1 6 )
,

(1 7 ) a n d (1 8 )
.

T h e s im u la t e d

s u r fa e e w in d a n d d iffe r e n e e be tw e e n s im u la te d s u r fa e e w in d a n d a d ju s t e d w in d a r e r e s Pe e -

tiv ely g iv e n in Fig s
.

2 一 7
.

Fig u r e s Z一 7 e le a r ly sho w th a t th e im P r o v e d e o m p u ta t io n a l s eh e m e s (1 6 ) a n d (1 7 )

w ith la t e r al bo u n d a r y e o n d it io n (18 ) s im u la t e the a dju s t e d w in d v e r y w ell e x e e p t fo r tho s e

n e a r th e w e s t a n d e a s t b o u n d a r ie s o f the a r e a w he r e Q 15 e a le u la te d by (3 )
.

E s p e e ia lly
,

it

15 n o t ew o r thy th a t th e d iffe r e n e e s in the a r e a fr o m 1 6 0
0

E t o 1 2 0
0

w
a r e g e n e r a lly s m a lle r

tha n 1
.

0
,

a n d e v e n th e y d o n o t ha v e a n y sig n ifie a n t in flu e n e e o n th e sim u la te d z o n a l w in d

a lo n g th e e q u a t o r fr o m 1 6 0
0

E t o 1 2 0
0

W
.

A p p a r e n tly th e r e s u lts fr o m (1 6 ) 一 (1 8 ) a r e

m u eh b e tt e r th a n th o s e fr o m (7 ) a n d (8 )
.

W hy a r e the r e s till m a r k e d d iffe r e n e e s n e a r th e

w e s t a n d e a s t bo u n d a r ie s o f the a r e a w he r e Q 15 e a le u la te d b y (3 ) ? T h is 15 be e a u s e th e Q

fie ld 15 o n ly g iv e n in the Pa e ifie r e g io n fr o m 2 7
o

N to 2 7
0

5 a n d fr o m 1 2 9
.

3 7 5
o

E to 7 3
.

1 2 5
0

W
a n d d is e o n tin u it y o f the Q field a lo n g t he la tit u d in a l z o n e a p p e a r s a t the w e s t a n d e a s t s id e

bo u n d a r ie。 。f , h 。 n o n 一 z e r 。 Q 。r e a
.

A , 。 。 o n s e q u e n e e
,

the r 。 。x is t 。p p a r e n t d iffe r e n e e。 in 之
n e a r th e w e s t a n d e a s t b o u n d a r ie s o f the n o n 一 z e r o Q a r e a w he n Q 15 sP e e t r a lly e x P a n d e d
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.

F ig u r e 1 5a s ho w s th a t th e m a x im u m e o effie ie n t a lo n g the e q u a to r r e a eh e s t o o v e r 0
.

6

a n d th e a r e a w he r e th e e o e ffie ie n t s a r e g r e a te r th a n 0
.

5 ha v e a lm o s t o e e u p ie d w e s t e r n a n d

e e n t r a l t r o p ie a l P a e ifie a n d the a r e a s n o r th o f 1 5
o

N a n d s o u th o f 1 5
0

5
.

C o m p a r in g Fig
.

1 5 a

w ith F ig
.

12 a
,

w e e a n s e e th a t th e u e o m p o n e n t o f the s im u la t ed w in d s t r e s s by t he im
-

p r o v e d s e he m e 15 m u eh b e t te r th a n th a t b y the C Z m o d el
.

Fig u r e 1 5 b a ls o sh o w s th a t t he v

e o m Po n e n t n e a r the n o r th a n d s o u th bo u n d a r ie s in th e im Pr o v e d s e h em e 15 a ls o be t te r th a n

tha t sh o w n in F ig
.

1 2 b b u t th e m a x im u m e o r r e la t io n e o e ffie ie n t n e a r th e e q u a t o r in the im
-

Pr o v e d s eh e m e 15 sm alle r th a n tha t in th e C Z m o d e l
.
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L o n g itu d e 一
t im e e r o s s s e e t io n s o f t he u w in d s t re s s a lo n g th e e q u a to r fr o m the im--

p r o v e d s e he m e a r e s ho w n in F ig s
.

1 6a 一 1 6 b
.

C o m p a r in g Fig s
.

1 6 a 一 1 6 b w ith o bs e r v a t io n s

sh o w n in F ig s
.

1 4a 一 14 b
,

the u e o m p o n e n t o f w in d s tr e s s sim u la t e d by the im p r o v e d

s e he m e s t r o n g ly b e a r s r e s e m b la n e e t o o b s e r v a tio n s
,

e s p e e ia lly d u r in g the E I N in o a n d L a

N in a e v e n ts
.

If w e e o m p a r e th e r e s u lts fr o m th e CZ m o d el w ith o b s e r v a t io n s in d e ta il
,

w e

e a n fin d tha t the r e a r e s o m e d iffe r e n e e s b e tw e e n th em
.

F o r e x am Ple
,

the P o s it iv e a n o m a -

lie s o f the u w in d s tr e s s o v e r th e e q u a to r ia l e e n t r a l
一 e a s te r n Pa e ifie a r e s u e e e s s fu lly s im u la t

-

e d by the C Z m o d e l d u r in g th e 1 9 8 2 一 1 9 8 3 E I N in o p e r io d
,

bu t n e g a t iv e a n o m a lie s a r e

a p p e a r in g in this a r e a fr o m S e p t em b e r 1 9 8 3 t o b e g in n in g o f 1 9 8 4 in o b s e r v a tio n s ; w h ile

p o s itiv e a n o m a lie s a r e s t ill k e e p in g in the C Z m o d e l a n d th e p o s it iv e a n o m a lie s o v e r the

e q u a t o r ia l e e n t r a l
一 e a s te r n Pa e ifie fr o m Ju ly 1 9 8 6 t o M a r eh 1 9 8 8 a n d n e g a t iv e a n o m a lie s

fr o m M a r eh 1 9 8 8 t o e n d o f 1 9 8 9 in th e CZ m o d e l a r e s tr o n g e r th a n o b s e r v a t io n s
.

H o w e v -

e r
,

the sim u la te d u w in d s tr e s s in th e im P r o v e d s e he m e 15 e o n s is t e n t w ith o bs e r v a t io n s

w e ll
.

V l
,

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

T he a bo v e r e s u lts e le a r ly s ho w tha t the r e 15 an e r r o r s o u r e e in th e a tm o s Ph e r ie e o m Po -

n e n t o f th e C Z m o d el
,

w h ie h 15 m is s in g a fr e e m o d e in the s o lu t io n s
.

In th is p a p e r
,

the im p r o v e d s e he m e 15 p r o p o s e d
,

w hie h 15 th e e o m p u t a t io n a l s eh em e

w ith a dju s t e d w in d o r o b s e r v e d u a n d v a s la t e r a l b o u n d a r ie s
.

T h e s im u la tio n s s ho w th a t

the s im u la te d s u r fa e e w in d b y the im p r o v e d s e he m e s tr o n g ly be a r s r e s e m bla n e e t o the o b
-

s e r v a t io n e x e e p t fo r th e a r e a n e a r th e w e s t a n d the e a s t b o u n d a r ie s o f the in te g r a t e d a r e a
.

T he d iffe r e n e e b e tw e e n s u r fa e e w in d s sim u la te d by th e im P r o v e d s e h em e s a n d b y the C Z

m o d el ju s t 15 the fr e e m o d e o f the e x a e t s o lu tio n s o f th e

mo d e l e q u a t io n s w ith a diu s t ed

w in d a s la te r a l bo u n d a r ie s
.

T h e im p r o v e d s e h e m e 15 a Pp lie d t o the a tm o s p he r ie e o m P o n e n t w ith the Q e a le u la t e d

b y a p a r am e t e r iz a t io n w ith a fe e d ba ek p r o e e s s
.

T h e e o r r e la tio n e o e ffie ie n t s b e tw e e n w in d

s t r e s s sim u la t e d b y the im p r o v e d s e he m e a n d o b s e r v a t io n a r e h ig he r th a n th o s e b e tw e e n

w in d s t r e s s s im u la te d by th e C Z m o d e l a n d o b s e r v a t io n s
.

It 15 n o t e w o r thy th a t th e e o r r e la
-

tio n e o effie ie n t s o f th e u e o m p o n e n t n e a r the e q u a t o r a r e h ig h e r in the im p r o v e d s e he m e

th a n tho s e in t he C Z m o d e l
.

It h a s be e n p o in te d o u t th a t th e z o n a l e o m p o n e n t o f the s u r -

fa e e w in d w ith in the e q u a t o r ia l切 a v e g u id e r e g io n 15 m o r e im p o r ta n t b e e a u s e it s e ha n g e 15

d ir e e tly r e la te d t o E N SO v a r ia bility (Se ho p f a n d S u a r e z 1 98 8 ; B a t t is t i 1 9 8 8 )
.

T he r e fo r e
,

th e s e r e s u lt s e le a r ly r e fle e t th a t th e im p a e t o f la te r a l bo u n d a r ie s o n the sim u la t e d u e o m p o -

n e n t 15 s ig n ifie a n t e v e n if th e a r e a 15 lo e a t e d n e a r the e q u a to r bu t the im p a e t o f la t e r a l

b o u n d a r ie s o n the sim u la t e d v e o m p o n e n t n e a r the e q u a t o r 15 n o t s ig n ifie a n t
.

T h e lo n g i
-

tu d e 一
tim e e r o s s s e e t io n s o f the u e o m Po n e n t a n d v e o m P o n e n t o f th e w in d s t r e s s sim u la te d

by im P r o v e d s e he m e w ith the s am e Q a s in the C Z m o d e l a r e m o r e e o n s is t e n t w ith the o b
-

s e r v e d th a n th o s e fr o m s im u la te d w in d s t r e s s by th e C Z m o d e l
.

T he s e r e s u lt s s u p p o r t the

e o n e lu s io n th a t t he w in d s t r e s s s im u la t e d by the im p r o ve d s eh em e w ith la t e r a l bo u n d a r ie s

a r e m u e h be t te r tha n th o s e sim u la t ed by th e C Z m o d el
.

O b v io u s ly
,

a dju s t ed w in d p r o e e -

d u r e (Z eb ia k 1 9 9 1 ) lo o k s lik e a filt e r w hie h m a ke s s u rfa e e w in d
,

s e a lev el P r e s s u r e a n d

fo r ein g te r m s a t isfy th e m o d e l e q u a t io n s
.

T he o bs e r v e d s u r fa e e w in d o r s e a le v el p r e s s u r e
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1 0

h a s to b e filt e r e d by this p r o e e d u r e b e fo r e the y a r e u s e d a s la t e r a l b o u n d a r ie s
.

H o w e v e r
,

th e a bo v e s e he m e w ith a diu s t e d w in d o r o b s e r v e d w in d a s la t e r a l

b o u n d a r ie s o n ly e a n b e u s e d t o s im u la t e th e s u r fa e e w in d s t r e s s in th e t r o Pie a l o e e a n be -

e a u s e th e la t e r al b o u n d a r ie s e o m e fr o m o b s e r v a t io n s
.

If th e s eh e m e w ith la t e r a l b o u n d a r ie s

15 a p Plie d to the p r e d ie tio n m o d el
,

a pPa r e n tly
,

th e la te r a l b o u n d a r ie s w ith s u r fa e e w in d

h a v e to be Pr e d ie t e d
.

O n th e w h o le
,

in te r a e tio n be tw e e n th e lo w a n d th e m id d le la t it u d e s ha s a n im Po r ta n t

in flu e n e e o n th e E N SO v a r ia b ility in th e C Z m o d e l
.

T he r e fo r e
,

e o n s id e r in g its im p a e t o n

the C Z m o d el o a n im p r o v e e a p a b ility o f the C Z m o d e l fo r s im u la t in g E N S O v a r ia b ility
.
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