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INS T A B ILIT Y O F TH E O C E AN IC W A V E S IN T H E

T R O PICA L R E G IO N

Jl’ Z/l 。曹aI 珍 (季振刚) an d ‘为即 IlP l’}诊 (巢纪平)

N a tio n a l R e se a re l、 C e n te r Fo r M a rjn e 〔n 、ir o n m e n ta l Fo re e a sts
,

S ta re O e e a n ie A d n l in is lr a tio n ,

B e
iji

n g

R ee e iv ed M a re ll 3
,

19 8 9

A BST R A C T

In this p a p er , zh e e

ffe
e ts o f th e }a rg e 一sea je m e a n se a tem p er a tu r e fi e ld s o f the tr o Pie a l o e e a n a n d tlle

z o n a l eu r r en t fi e ld (s o u tller n e q u a to r ia l e u r r。一飞t) l飞a v e b e en eo n 1Pr e he n s iv e ly e n te re d in e o n sid e ra tio n o n the

basjs o f C h a o a n d Ji (1 9 8 5 )
, a n d Ji a n d C l飞a o (19 8 6 )

, zhe e q u a to r ia l o ee a n ic w a v e s o f th e tr o p ie a l o e e a n h a v e

been d ise u sse d b y u se o f lin ea r iz ed p r im itiv e eq u a tio n s , tll en , the sig n ifi e a n t in 月u e n e e o f the e lim a tie b a e k
-

gr o u n d fi e ld s o f the tr o Piea l o e e a n u P o n th e o e e a n ie w a v e s o f th is re g io 丁1 h a s b e e一1 fu r tller test ifi e d
.

认 , h en

v ery e o ld w a te r a PPe a rs in lhe tr o Pie a l re g io 一1
, a lld rh e s o u t卜e r 度飞 e q u a to r ia l e u r re n t 15 a lso r e la riv e ]y str o n g

,

th e efl’c e t o f r he R o s sb y w a v e w e a k e n s , a s a e o n se q u e n e e ,

the r e a re su b s tizu tiv e slo w w a v e s
(i

.

e
.

the rm a l

w a v es ) w h ie h rr a v e l in o Pp o s ite d ir ee tio n
(ea srw a rd) to tl飞e R o ss by w a v e

.

T lle e lla ra e ter istie s o f the slo w w a v e

a re s im ila r to tl飞o se o f R o s sb y w a v es , o n ly the tra v e l] in g d ir ee tio n 15 o PPo s ite
.

U n d e r a e e rta in e n v ir o n -

m en ta l ba e kgT o u n d fi e jd
,

一h e slo w w a v e a n d th e rn o d ifi e d R o ss by w a v e m a y b e in s ta ble
.

W ith th is e o n e lu
·

5io n , th e m e e lla n is rn o f rhe o ee u rre n e e ,

d e ve lo Pn le n z a n d Pr o Pa g a tjo 一1 o f E I N in o e v en ts 11 a s b e e rl stu d ied
.

It

15 Po in te d o u t tlla t th e o PPo s ite tra v e lljn g d ire e rio n o f tl飞e th e rm a l w a ve a n d R o ssb y w a v e w i] 1 br in g r e-

Pee tive ly in lo ae tio n t一n d e r d iffe
笠℃n t m a rin e en v ir o jl ll飞en ta l ba e kg r o u n d fi e ld s

.

T lle Ph ys iea l e a u se s fo r tll a t

th e a b n o rm a l w a r n l 认n te r in eli一le s to o e e u r a !o 一1 9 tll e So u tl飞 A m e riea n e o a s t h a v e a !5 0 b ee n e x plo re d i于t

th is p a Pe r
.

1
.

IN T R O D U C T IO N

A t Pr ese , It
, zhe stL. d ie s o n tl飞e a ir

一sea in ter a etio n a n d E l N in o / So u tlle r n O seilia tio , 1

(EN SO ) in tlle t ro loie a l a r e a s ha v e w id ely in ter es ted a n d d ra w : 1 m u eh a tte n tio n in the

c o m m u n ity o f In e to o l
,

o lo g y a n d o ee a n o g r a Phy o f th e w o rld
.

A Io t o f d is e u ssio n s a b o u t

the Pro p a g a t io n , e x ten sio ,1 o f S ST a n o n la ly (SST A ) a n d t}: e e ha n g e o f the the r m o e lin e

hav e b e e n txn d e rt a k e n
.

F o r e x a m p le
,

W州k i (19 7 5) p o in ted o u t tha t if tr ad e w in d s w ea k e ll

the K elv in w a ve w o 一ld b e g e n e ra te d a lo n g th e w e s t e o a s t o f the Pa eifi e
,

a n d w lle n the

K elvi一1 w a v e tr a ve ls t o tlle e a st e o a st
,

it w o u ld c ha n g e tll e m a rin e st a tu s o f th is r e g io n ,

i
.

e
.

the e o ld w a te r t 一Pw ellill g w e a k e n s ,

tlle n
,

SST A in e rea se s e o r re sPo n d in g ly
, a s a e o n seq u en e e

,

the sig lla l o f the E I N i, : 0 e v e n t a Pp e a rs
.

IJo w ev e r , rn o r e seie n t is ts tll in k (in e lu d in g W yr tk i
.

] 9 84 ) th a t E N SO 15 the r es t ,lts o f the air
一s e a in re ra e t io n

.

Be yo n d d o t一b t
,

it 15 v e ry in 1 Po rta n t to s tu d y the E N SO e v e n t s fr o m the Po in t o f v iew

o f air
一sea eo u Plin g in te ra etio n

.

H o w e ve r ,

it 15 a ls o n e e essa r y t o st ud y the d yn a m ie e ha r ae -

ter isties o f the m a rin e its elf a n d its e
ffe

e t 111 the E I N in o ev e n ts
,

b eea u se the n la r in e d yli a -

m ie Pro ee ss ,

in fa e t
,

ha s n o t b e e n n la d e e o rn Ple te ]y e le a r
.

F o r in sta n e e ,

in tlle sPe eifi e m a r in e

a n d m ea n fi eld o f the Pa eifi e ,
the e q u a to ria l w a v e sy ste m 15 d iffe

re n t fr o m the M a ts u n o ’s

re sul ts (19 66 )
.

U sin g a fi ltere d m o d el o f th e sh a llo w w a te r w a v e o f m ix ed ]a yer w ith in er tia
-

g ra vitatio n al w a ve s filter ed o u t C ha o a n d Ji (19 8 5 ) a n d Ji a n d C ha o (19 8 6 ) h a ve d iseu ssed
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the o seilla tio n Perio d a n d in sta bility o f the m o d ifi e d eq u a to r ia l R o ssby w a v e a
ffe

e ted

b y a sPeeifi e S ST fi eld in the Pa eifi e th ro u g h the o r e tiea l a n alyse s a n d n u m e riea l e x Pe rim e n ts
.

T he y h av e p o in ted o u t tha t a g r o u P o f the rm a l w a ve ,

w hieh t ra v els in o PPo site d ire e -

tio n (ea stw a r d) to tha t o f the R o ssby w a ve m a y b e g e ll er ated in a ee r ta in e o n d it o ll
.

T lle

g e n er a tio n o f th is g r o t , P o f w av e i、 e a u sed by tl1e h o r iz o n ta l in h o m o g e n e ity o f S ST
,

p a r t ie u la r ly

by m e r id ie n a l g r a d ie l: ts
.

T he r e s u lts o f n u l们e riea l e x Pe r in l e n t sll o w tha t S ST A m a y p r o -

Pa g ate a n d in e rc a s e w ith the a id o f tl飞e e a stw a r d th e r m al w a ve s a n d 认℃stw a rd R o s sby w a ve s

u n d er the in fi u e n ee o f th e d istr ib u tio n o f the sPe e ifi e e q u a t o r ia l m e a n SST fi eld
.

B a sed o n the Pre v io u s r esea r eh (C ha o a n d Ji
,

19 8 5 ; Ji a 一l d C lla o ,

19 8 6 )
, u n d e z

·

the e o m
-

p re he n siv e e o n sid e ra tio n o f the la rg e一s c a le te m p e r a tu l℃ 6 e ld s a n d the e q u a to r ia l e u rr e n t

fi e ld
,
zhe eq u a t o r ia l w a v e a n d its in st a b ili!y ha v e b e e ll fu r the r d is e u ss ed the o re tie a lly w itll the

sh allo w w ater n lo d el o f th e lin ea r iZ e d Pr im itiv e e q u a tio n , a n d the Physiea l fa e to rs o f tlle

o eeu r re n ee a n d d ev elo Pm e llt o f the E I N in o ev e n ts ha v e b ee n Pr elim in a rily s tu d ied w itll

the se r e su lt s in tll is Pa Pe l:

IT
.

M O D E L

T he o b ser v a tio n a l re s u lts sh o w th a t the su rfa ee o e e a n le e u r re n t o f the Pa e ifi e in tll e

eq u a to r ial re g io n 15 th e w e stw a r d so u the rn e q u a to ria l c u r re n t
.

T I一e Po sitio n o f th is eu rr e n t

七a s le s s e ha n g e a t the eq u at o r a ll the yea r r o tln d
, o n ly its st re 一lg t!1 eh a n g e s w ith s e a s o n s

.

In this p a Per ,

w e ha v e n o t d iseu s se d the elim a tie e a u ses fo r the fo r m a tio 一1 o f the eq u a to r ia le u r -

r en t system
,

b u t
,

w e o n ly r eg a r d the eq u a t o ria l eu r re n t as a e o 一ls ta n t a n d b asie e u r r en t

a n d a s a b a ek g r o u n d fi e ld to stu d y the c ha ra c teristic s o f the e q u a t o ria l w a ve s
.

Fig
.

2 in tl、e p a Per b y C ha o a n d Ji (1 98 5) sh o w s tha t in the tr o Piea lPa eifi e r eg io n s
,

Pa rti
-

e u la ri y th e e aste rn Pac ifi e ,

ther e 15 a v ery c o ld w a ter a re a
,

SST o f the tr o Pica lr eg io n in erea s-

e s w ith the in e re a se o f latitu d es
, a n d the tem Pera tu r e g ra d ien ts e x ist in the ea st

一

w e st d ir ee
-

tio n
.

T he d isctl ssio n in th e Pa Per (Ch a o a n d Ji
,

198 5) ha s sh o w n tha t the tem Pe r a tu re

g r a d ie n ts in th e e a st 一
e st d ir ect ion in th e Pa ci fi e hav e little in n u即 ee o n the Per io d o f

the slo w w av e (,n o d ifi ed R o s sb y w a ve )
.

T hu s , o n ly the in fi u en e e o f th e g ra d ie n ts in th e

so u tll
一n o rt h d ire etio n o f SST tlPo 一1 the tr o Pie a l w a v es ha s b e e 一飞 e o n sid ere d

, a n d fo r the

c o n v e n ie n ce o f m a the m a tie a l tr ea tm en t
,

the m ea n g ra d ie n t fi eld o f SST 15 a ssu m ed , lo t t o

eha n g e w ith tim e
.

L et u s ta k e x
一 a x is o f the e o o rd in a te s syste n飞 a lo n g the e q u a to ria l a n d P o sitiv e ea stw a rd

,

y
一a x is 15 v e r tie a l t o th e x

一a x is a lld Po sitiv e n o r thw a rd
.

T he Z 一a x is 15 Po sitiv e u Pw a r d
.

A n a -

lo g o u s t o the t re atm e n t in the Pa Pe ,
一

(Ch a o a n d Ji
,

198 5 )
,
the s e a s Llrfa e e 15 re g a r d ed a s the

u PPe r su r fa ee o f the m o d el
, a n d the to P o f the ther m o c lin e a s th e lo w er su r fa ee o f tlle

In o d el
.

T }le eq u a tio n o f e o n tin u ity fo r the im c o n 1 Pr es sible 门Llid c a n b e w r itte n a s

刁u
.

刁v .

刁田
、 一 十反

~ 一卜从 一 U ,

刁x d y 口z
( 1 )

t ]le n
,

w e o b ta ill a PP r o x im a tel y :

二 (,
, 〕

, , 二 , t) =

w he re 幼 (x
, y , t) js

(秒
、
妙

一

、
+ 州

二 , 夕 , 才)
,

\ 口x 口y /
(2 )

a rbitr a ry fu n e tio n in d ePe n d e n t o f 2
.

T he o ther sym b o ls

PaPe r r ep re se n t the sa m e m e a n in g a s u su a l
, e x e ePt fo r sPee ia l d efi n itio n

.

o n the SC a

i一1 this

su rfa e e

a t 之= h
, th e n o r m al v elo c ity to tb is su r fa c o sho u ld eq u al z o r o b eea u se o f tho e o 草ld itio n o f
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v ertic al b o u 泣ld a ry
.

W e thl一5 o bt : 111飞

}
_

_

孙 孙
t口 l 一 “ 二

.

十 口二
-

}
。 二 人 刁X 刁 V

In s e rtillg (3 ) illt o (2 ) o b z是一111 5

晰 ‘一 儿二 ‘, 一 “?

一 ,
皇言号

一

嘿一歇
·

( 3 )

( 4 )

T l”u :
.

tl、e l)e rp o lld : e u l盯 ly
一 a 、

,

。r :飞g e L{ 、
,

e r lie o l v e lo e i龙y :沙、

(二
, 〕

, , 犷) i: g iv e , 1 by

刀 厂刁“ 刁口 、
.

_

a h
,

_

日h

断
又义 ’少’ ‘’一 2 (厉

一

几一

丙少
一 厂 “

而
一

l一 t,

丙
( 5 )

w he r e D 15 tll e e lla o ere r i: tie d ep t il n (、1: 1 、e a s LIr几e c to tlze b o tto m o f 山e n l ix ed la ye r
.

A s a n a PPI刀 x in la lio zl
,

ir 1lla 今 b e a s s l一]们e d 1lla t tll e b a sie e t一r r e一It 15 g c o str o Phie
.

A lth o u g h
, s tr ie tly sPe a kin g rllis r e la tio n 15 n o t p ro Pe r in s o ln e d e g r e e fo r the tr o P

-

ieal re g io n s,

tlle d ia g n o s t ie a zla l乡
,

515 o f tlle d yn a m ie lze ig llt sh o w s tlla t i一飞 sPite o f the

d istu r b ed n 一id 月eld b e illg a g e o st r o Pll ie
,

tlle m e a 一1 o e e a n e u r r e n t in tll e tr o Piea l r e g io n s

still ha ve g e o s tr o Phie fe a t、一1 0 5 (L t一k a 、 a lld Fir in g
,

19 84 )
.

(于于e re
,

o , l ly the 。
价

e t o f tlle

so u tlze万
·

n e q t通a to 之ia l e t王r l
,

e n t 15 e o , ls id e z
·

c d
.

) T hel
·

efo re ,

w e o b ta iJI

。

傲广
w her c g

‘

二 △户/ 户夕 js o p p a l e ; : t

一 习 又一
口y

~ 一 。。

f
。 ,

( 6 )
一

触

g 犷乏飞、,

1ta tio n al a eeeler a tio rl
.

h 15 In e a n

、、尹尹、、声了
7‘只U

.2、
、
尹f‘、

layer ,

刁刃
,

/刁夕 15 、11 e :、11 n 、e r id io l: a ! p ro s: 、lr e g ,
·

a d ie n t
, a , : d f

。
15 ,。e a n

Pa ranl ete r n ea r the eq t‘a to r
·

I, 1 !几‘c t
,

it 15 ra tio ,la l t o ta k e
j = 刀夕

,

n o su b sta n tial in n : ,e :l ee o tl the : e s : 11ts (C ha o :、n d Z ha n g
,

19 8 8 )
.

SP]itt in g d ist tlr b e d a n d 1lle a ll e o ll飞P o zle n ts
,

w e ha ve

: ‘~ ,‘。 + 之“
, : ,

= :厂
, 叻 s 一 2公又

,

人= 万升
一

人
‘ .

In se r士in g (6 )
,

(7) i一l to (; ) o b ta in 、

d ePtli o f m ix ed

v altle o f C o r io lls

ho 认
,

e v er
,

tll e r e 15

与厂
O

刀
一!厉一即

l厂
�

: : , . 、 ‘

(二
, 夕 ,

t) 一

If th e一℃ 1、 n o e x te rlla】 !le a t s o t l, e e :

D 了刁: ‘

2 、刁戈

t h e 一1 t h e t h e l
·

m o dy n a ln ie e q t一a t io ll i、

( 9 )

w lle re T

m e a fl SCa

b e tw e e n

15 d is tLlr b e d

t e 一n Pe ra tlll℃

se a s u r几Ce

D T
‘ . ,

a更
. , ,

么更
二

D t 了 之
’

痴 下 ‘” ‘

万) 一
U ,

te , : I Po r: ; t :lr。 ,

日厕/ a夕 ; 5 9 ,
’

a d ie , I t 121 tlle l飞o z tll
一 50 一tlz d il

·

e c tio n o f t lle

、、、产,产
nU11,l

曰
.工

了.气、了‘
、

fi e ld o f t]飞e e q t la to r i : 11 Pa e ifi e O 。。a n ,

△全
二

15

a n d b o tt o ln o f t lle 飞朴 i x e d laye r , a n d

D a
,

刁
之 一弓

‘
~

十 月 。

子
- .

D t 刁t
’ 一 ’”

a戈
-

te m Pe r a tu r e d ifTe
r e n e e

In a d d iti o n
,

tlle 11 0 1
·

i: o x: t: 11 e q 、xa t一0 11 、 ( ) f n 、o ti o n a r e

豁
一刀。

咬 , ,

_

忿
‘

、
一

刀。
, : ‘,

_

一 G

盟
,

一 ‘

爵
,

( 1 2 )

w he re G =

E q s
.

g △a , a n d a i、 th e e o e ffi e i e ll t o f 11o a t e x Pa n s io ll
.

(8)
,

(9)
,

( 1 1) a n d ( 12 ) C O n st it : , t ) 跳 c o m p le t e ly c lo se d e q u a tio n sys te , n r e la te d to

“
, , u ‘ , 功

‘

an d T
’ .
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A ssu m in g tha t the fo r m o f the so lu tio lls a re a s fo llo w s

{
’

))
气y ) {

} C
’ -

、y ) {

(夕) {

(13 )

Uu切T

r

了!l|

口功T

了廿l.es
.‘
.

1
... 一

w he r e 左15 w a v en u n l b er ,

a 15 fr eq u elle y
.

一 7

一 Z

(a 一 k :‘。

)
u -

(a 一 几
: ‘。

)
: =

F r o m E q s
.

(8、一(13 )
,

一 G i儿T + 刀夕。
,

。 d T
一 ‘共牛一刀y“ ,

一
d y 犷 , 一 ,

w e o b ta i万1

(1 4 )

(1 5 )

、,矛声、

,
J

几卜�了曰.上11
r

‘
了

l卜S
夕口一 O

、、

l口一yd一d十

: 、 二
.

△厕
二

了
: L ~

一 咨 气仃 一 i‘“ 刀 ) 1
~

片一
二厂一 1 2 1心之石

艺 \

w h e r e

S
,

T he e x Pr e s sio n △p = a 八至
二
口 15 u se d

~
鲤

_
五乙

刁乡
,

ZD g
’

h e r e
.

P u ttin g

、J
、
、
了

OOq�嘴11上
/矛.、了.、S

、

Fr o m E q s
.

( ! 4 )一 (16) w e

_ 2 5
少

一 入重丁
’

o b t a in

C芫
一

普
。刀““,

·

典
十 。奥

一

卜(
。 一 J , 2

) 。一。
,

a y a y

W h Cr C

b一 夕
, ,

(a 一 ku 。
)
’

c - 一 C冬

左u 夕 (a 一吞。)
C冬

_ 〔k (a 一 k “
,

)
’
+ 坦互

( , 一 k : ‘,

)

k夕
,

f
。

十
-

石二
.

石i丁 (2 0 )
, 一

刀
”

以 一 石
七 亏

/了eeesll、了

!
、

、屯尹声、声、声
门Q1L,9曰q乙

/吸
、产

t

By ta k in g t h e fo llo w in g fo r m s o f t ra n sfo r m at io n

:
(夕) 一 。(。

,

)
。一

杏梦
, y ,

了刀、
’‘’ 。 ,

_
, , :,

飞一
万

.

一

夕 -, 一 岁 ,

\ 七 夕 /

a n d o m it tin g t ild e s a n d a s te r isk s o v e r va ria ble s ,

E q
.

( 19 ) th e n b e e o m e s

d Z口

d y ,

厂 1
: : 门

} C ——
U }

,

{ 4 _
_ ,

2 1
_ .

_ n

训一 ! 一 一- 二几 二 、

一
一 少 l口 一 U

.

L d “ 一

」
(2 3 )

T o o b t a in W
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H o w ev e r , a s C h a o a n d Ji (19 85 ) a n d Ji a n d C ha o (19 8 6 ) Po in ted o u t
,
the e q u a ·

t o r ia l K elv ill w a ve s ee rtain ly ha v e in flu e n ee o n th e E I N in o e v en ts
,

b u t the d yn a m ie

e o n d itio n o f the e x isten ee o f the eq u a to r ia l K elv in w a v e d e m a n d s the eu r r e n t e o m Po n e n ts

in the so u th
一zlo r th d iree tio n t o b e z e ro

,

in fa et th is e o n d itio n eo u ld n o t b e s tr ie tly sa t
-

isfi ed in th e e u r r en t fi e ld o f th e eq u a to r ial Pae ifi e , an d ee rtain ly w ea ke n s the e
ffe

c t o f the

K elv in w a v e
.

Ji (19 8 7) a lso d is c u ssed this Pro blem in h is r e se a r ch o n th e r esPo n se o f the

tr o Pic al a tm o sPhe re t o the sea s u r fa ee he a t so u r e e
.

It 15 k n o w n fr o m the ab o v e d ise u ssio n

th a t w he n 刀
少

> S
夕 。 : ,

w e m ay o b tain ea stw a r d tr a ve llin g ther m a l w a v e
.

In the E I

N in o ev e n ts
,

the the rm a l w a v e m a y Pla y the sim ila r r o le to th e K a lvin w a v e
,

a n d it m ak es SST A Pr o Pa g ate fr o m the w est to the e a s t
.

In Fig
.

l
,

if L = 2 10 0 km 15

g iv e n ,

th e Pha s e sPeed o f the th er m a l w a ve 15 0
.

9 5 m / s
,

i
.

e
.

it t ra v els 10 0 0 0 k m in ] 30

d a ys
.

T his 15 a PPr o x im ated to the o b se r v a tio n al Pr o Pa ga tin g sPe e d o f SST A in th e E I

N in o e v en ts
.

It sho u ld b e Po in te d o u t th a t this sPe ed 15 n o t se n sitiv e to the e ha n g e o f

Pa ra m e ter s
.

A lth o u g h the a ir
一 sea in te ra etio n 15 n o t d ir eetly ta k e n in t o ae eo u n t jn th is Pa Pe r ,

o n ly the Physie al eha r ae te ristie s o f the o e ea n itself, i
.

e
.

the in fl u e n ee o f the Pa r tie u la r
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d istribu tio n o f the la 丈名e 一 sea le zllea z飞 SS T Iic ]d a n d e山
·

x
,

e Jlt 幻e !d 111 土h e eq u a to r ial Pa e ifi 。

o n the o ee a n ie * :、、es (o f e o u r se ,
tlzese flo ld s a ,

,

e t]le e ‘)一飞seq u e ,Ic es o f the lo n g
一r a llg e air

一sea

in tera c tio n ) ha ve b e e ll e o n sid e r e d
.

B e c a u s e in s ta bility e x jsts iJI o e ea n je w a v es,

it se elll s

tha t this k in d o f in s ta bilit少
·

n l a y g iv c a q u a lita tiv e Physiea l ex Pla n a tio n to th e m e c h a llism o f

o eeu rr e n e e ,

d ev elo Prn e n t a 丈i d PI
·

o Pa g a tio n o f the E I N in o e ven ts
.

f jg
.

4
.

sll o w s tlla t th e

eq u ato r ia l w a ve s a re sta ble 、
,

itllin th 。 ;
·

a : lg e o I’ p a r a n lete r o< 厅
,

< 3
.

1 x 10 一 6

/m
.

N o r ,刀a ljy
,

ac tu al Ia l
.

g e 一sea le ;n ea n e u rr e n t fi eld (50 : :hte r一, e q u a t o r ia l e u r re n t) a n d SST 五eld o f th e

eq u a to r ia l o e e a n s c o n fi n e the e ha n g e o f 夕
,

121 th ls r a , lg e
.

It s e em s tha t tlz is m a y e x pla in

wh y la r ge a xl o m a ly o f S ST d o es 孟lo t e x ist
.

H o w e ve r if the e q u a to z
·

ja l tra d e w in d Per sis
-

ten tly in ten sifi e s ,

it ea u se s ille s o u tlzer ll eq L之a to ria l c u rr e 正I t a n d tlze e q u a t o r ia l 、v a te r tl p
-

w ellin g to str e n g the n , a n d SS T to d e e l
,

ea se ,

thu 、 Je ad in g to jn e lo a se o f Pa ra m ete r 习
:

.

W hen 亏
, e x c e ed s the c r it‘c a l V a lu e ,

i
·

e
·

S
公 。 :

= 3
·

1 X 10 一 6

/ m
,
th e e q :‘a to 八a l o e e a n ie w a v e、

be eo m e in sta ble
, a n d the d lstL一r b ed SS T fi eld iri e rea ses in sta bly

.

It m a y be se e n fr o m tl: e

eu r ve s o f the g r o w in g r a te 11 1 f ig
.

2 tha t if L = 2 10 0 k m
,

the e 一fo ld g r o w in g tim e 15 2 5 d ays
.

A t the ea r l)
‘ sta g e o f tho E I N in o e v e n ts

,

SS T A m a y g ro w a t t址 5 ra te
, a t this m o zn e n t

,

the

ther ln a lw a v e s w o u ld Pla y a d o m in a n t r o lc a ll d ea u se S ST A to Pro Pa g a te a ll d to e x te n d fr o m

讹
st t o e a st

.

W hile a t tlze 上zl a tu l℃ s t亡又g e o f the E I N in o e ve zlts
,

la z,g e a l e a s o f the w a r一刀

w a ter a p Pe a r 112 tho e q u a to x顶: 一1 z o zie ,
tl、e e o ld w a ter a re a s ev e n d isa PPe a r

.

It 15 k n o w n

fr o m tlle a n a lysis o f Se etio n I V
,

tllo 1llo d ifi ed R o ssb y \va v es Pla少
,

a d o m in a lz t r o le a t

tha t tim e
.

B e ea u se 厚
;

,

< O
,

tlze in sta ble R o ssby w a ve s w o u ld tr av el w estw a rd
.

In this 、va y
,

SST A in ay e o m Ple te a n e n tiro Pr o e e ss,

i
.

e
.

fi rst
,

it Pro Pag a te s fr o m w est to e a st
,

the n fr o m

ea st t o w e st d u r in g E l N ill o e v en ts
,

T h e e vo lu tio xi a n d d ev elo Pm e n t o f SST A 主n the E l

N in o e ve n t o f 19 8 2一 19 8 3 a r e sim ila r to this Pr o eess
.

D u ;
·

1119 E I N in o e v en ts
,

g e n er a ily the Po sitiv e SS T A : IPPe a r s 五一s t a lo 一29 tlzc 5 0 以t」le rl:

A m e riea ll e o a s t
, x

.

e
.

tl飞e in sta bly in e re a sin g o f S ST o ee u r s fi rs t
.

T lxe o b s e r va t主o n s sh o w tha t

the e o ld w a te r o f the S o u ther n A m e riea n e o a s t 15 th e c o ld e st
.

It 15 ea sy to s a ti、乃
the in s ta blo e o n d itlo n ,

夕
,

> 5
。
】

。 :

二 3
.

1 X 10 一 6

m
一 ’ in Fig

.

4 o f tl五5 p a p e r
.

It seem s to

e x p la ill q u a lita tive ly the p llysie a l re a s o n s w h y a b n o r n la l SST in c li且e s t o o c c u r a lo n g tjz。

So u th e r n A m e rie a n e o a st a t fi r st
.

T he c o n elu sio n d ra w n by Ji (19 8 7) slio w s tha t tlie

resPo n se o f the a tm o 5 Phe r e to the Po sitiv e SST A in E a ste rxl Pae ifi c In a y ge n e r a te a n o m a lo u s

w ester lie s in the M id d le an d W este r n Pa eifi e ,

fu r the rm o re ,
the a n o m alo u s w esterlie s a re fa

-

vo u r a b le t o the fu rtlie r i一飞c r ea se o f S ST A
.

J1 a n d C ha o (19 8 7 ) Po in te d o u t fr o m th eir stu d ie s o n the te le eo n liee tio n o f SST tlxa t

d u rin g the ea r ly s ta g e fo r e a c il o f E I N in o e v en ts o f 19 75
,

19 6 3
,

19 69
,

19 72 a n d 19 7 6
,

rela tiv e ly s tr o ll g n e g a tiv e SST A m a y a PPea r in the E a ster n Pa c ifi c
.

W e thin k tlla t Pe r sis
-

te n t d e er e a sin g o f SST o f the eq u a to ria l E a ste r n Pa c ifi e (i
.

e
.

the re lativ ely la r g e n ega ti湘
a n o m aly o f SST a PPe a r s) w o u !d t e n d to the in er eln e n t o f the g r a d ie n ts o f the la rge sea le

sea te m Per a tu r e a n d m ak es 夕
。

.

in c r e asin g
,
thu s the o e ea n 、v av e s e n te r illto the Ie丈,t in sta ble

a r e a in Fig
.

4
.

W
.

D ISC U SS IO N A N D C O N C LU S IO N

O n the b a sis o f the stu d ies o f C lla o a n d Ji (! 9 8 5) a lld Ji a n d C h a o (19 86)
,

the e
ffe

: t

o f the la r g e
一se ale m e a n te m Per a tu r e fi eld o f the e q u a t o r ia l o eea zi a n d z o n a [ In ea n o e e a n ic

eur ren t hav e b e en ta k e n in t o c o n sid e r a tio n , a n d the eq u a to r ia l o e e a n ic w av e s ha v e b e e n

stu d ie d b y u se o f 11、飞ea r iz ed p r iln itiv e eq t 一a tio n 、 in tll is Pa l, e r
.

A 一ld the iln p o r ta n t in n u e n ee

o f th e elim a te b a ek g r o u l飞d o f the eq u a to lial o e ea n o n tlle tl
·

o p ie al w a v e s l飞a s b e e n fu r tlle r
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4

ve r ifi e d
.

U n d e r the effe
et o f th o se e lim a tie m ea n fi eld s ,

th e tr o Pic a l w a v es m a y b ee o m e

in s ta ble
.

W h en 夕
,

> s
夕。 , 二 l

·

52 x 10
一 ‘ , , ‘一 ’,

tl, e R o ssb y W a ve s d isa pp e a r
,

the s u b si
-

tLotive e astw a r d slo w w a v es a PPea r
.

W e e all tlle m the r m a l w a v es (C ha o a ,l d Ji
,

19 8 5)
.

T he eh ar a ete r istic s o f the th er m a l w a v e a re sim ila r to tho se o f R o ssby 认迁v es , o n ly the

tr a v elin g d ir ee tio n 15 o PPo site
.

W he n the c o ld w a ter o f the e q u a to ria l z o n e b ee o m es c o ld er

a n d the s o u th er n eq u a t o r ia l e u r re n t s tr e n g the n s ,

it le ad s to 夕
,

> 厅
夕 。 = 3

.

1 x 10
一 6

m
一 ’,

at this tim e the e a stw a rd the rm a l w a v es Pla y a d o m in a n t r o le
, a n d the in sta ble Phe n o m e -

n o n a p p ea r s a r o u n d tlle w a v elen g th l. = 150 0 k m
.

If th e w a r m e r w a te r ap Pea r s ix1 th e eq u a -

t o r ia l z o n e a n d the s o u ther n eq u a to r ia l e u rr en t w e a k e n s ,

the n ,

夕
,

< 0
, a t tha t tim e the

w e st叭
, a r d R o s、b二

‘

w a v e s Pla y a d o m in a n t ro le
, a l记 the in s ta ble Phe n o m en o n o e e u rs a r o u n d

th e w a v ele n g th L = 150 0 km
.

A e e o r d in g t o tlle e o n elu sio n a b o ve ,
the m e c ha n isrn o f the o ee u r re n ee ,

d e velo Pxllen t

a n d Pr o Pa g a tio n o f th e E I N in o e ve n ts ha v e b e e 一1 d is e u s s ed in th is Pa Pe r
.

It 15 Po in ted

o u t tha t u n d e r th e ba e kg r o u n d fi eld s o f the d iffe
r en t o ce an ie en v ir o n m e n ts

,

the the rm a l

认
,

a v e a n d R o ssby w a ve w h ic h tr a v el in the o PPo site d iree tio n m a y Play d iffe re n t ro les

r esPec tiv ely
.

T he e
ffc

e t o f t}le th e r m a l w a ve 15 sim ila r to th a t o f K elv i一1 w a ve ,

i
.

e
.

it ea u se s

th e in sta b le S ST A to Pr o Pa g a te fr o m w est t o e a st
.

W hile the m o d ifi ed R o s sby w a v e c a t巧e s

in sta ble SST A to Pro Pa g a te fr o m e a st to 、ve st
.

U n d e r the in flu e n c e o f the sc tw o 510 、v w a v e s ,

th e w h o le Pr o Pa g a tin g Pr o c e ss o f SS T A in a 一1 E l N in o e ve n t m a y eo m Plete
.

T h e Physic a l c a u se s fo r th e a b n o r m a l w a r m w a te r w h ie h ten d s to aPPea r a lo n g tlie

So u the rn A m eriea n c o ast ha v e b een a lso d ise u ssed in th is Pap
e r

.

T he re 15 a v ery str o n g eq u a -

to rial e o ld w a ter z o n e a lo n g the So u ther n A m eriea n e o a st
.

W h en the tra d e w in d in te n sifi e s ,

it e u a s es th e o ee an w a ter u Pw e llin g a n d the So u tli er n e q u a to ri a le u
rre

n t to stre n g tli en a xi d th e

g r a d ien ts o f the la rg e 一se ale o ce an te m Pe ra tu re to in ere a se ,

fu rtherm o re
,

夕夕 to in c r ea se
.

A t this m o m en t
,

the o eea n ie e n v ir o n m en ta l ba ck gr o u n d fi eld s en ter in t o in sta b le a r e a

o f 左
夕

> 夕
夕。 o f Fig

.

3
.

Fi g
.

1 in th e PaPer by Ji a n d C ha o (19 8 7) a lso illu str a te d tha t

g e n er a lly S ST m a y gr e atly d ec re ases at the earl y stag e o f the E I N in o ev en t
.

E I N in o

eve
n t 15 the re su lt o f the e o m Pli

e

ate d n o n li鱿a r a ir
一se a e o u Plin g in te ra c tio n

.

It 15 im Po ssib le to e x Plain its w h o le Pr o eess by lin e a ri z ed shal lo w w a ter m o d el in this Pa Pe r
.

D iseu ssed in this Pa Per a re o n ly the in sta ble trig g er in g m eeh a n ism w hie h m a y be g en -

e r ate d by the la rg e
一 se ale o c ea n ie b a ck g ro u n d fi eld a n d the in fl u en e e o f the fi eld o n th e

Pr o Pa g a tin g Pr o ee ss o f the S ST A d u r in g the E I N in o ev en t
.

A s fo r the Pr o blem o f th e

in ter a n n u al eh a n g e o f the larg e 一 sc a le o ee a n ic eu rr en t a n d S ST
,

it 15 n o t the e o n e e r n m en t

in this Pa Per
.

T he fu r the r stu dy o f the e q u at o r ia l w av e s a n d E I N in o eve n ts sho u ld u se

th e e o u Plin g a ir
一
sea in ter ae tio n m o d e l

.

N o w
,

w e h av e a lr e ad y set u P a sim Ple an alytie

m o d e l o f this kin d fo r tr o Piea l r eg io n s
(Ji

a n d C ha o ,

1 98 8 )
, a n d w ill fu rth e r d ev elo P an d

Pe rfe c t e o u Plin g a ir
一se a in ter a etio n m o d els

.

R E F E R EN C E S

C a n e ,

M
.

A
.

a n d Sa ra e hik
,

E
.

S
.

(1 9 7 6 )
,

Fo re ed b a ro clin ie o e e a 一1 m o tio li s ,

I: T I、e 11一lea r e q u a to ria l b o u n d
-

a ry e a se ,

J
.

几勿 r
.

R e s
. ,

3 5 : 3 9 5一4 32
.

C h a o Jip in g a n d J i Zhe n g a n g (1 9 8 5)
,

o n the in fl u e n e e o f la r罗
一se a le in h o m o

罗
n e ity o f se a te m p er a tu r e u p o r ;

th e o ce a n ie w avc s in th e tr o p ic a l r e g io n s ,

Pa rt l : L in e a r the o re tiea l a n a lys is
,

刀d 、a r, c e‘ l’) 2 A fz), 0 5
.

Sc l’.
,

2 : 295一30 6
.

C h a o Jip in g a n d Z h a n g R enh e (19 88)
,

T he a ir
一

s ea in te ra e tio n 认
,

av,e s in th e tr o p ic a l o ee a n a n d th e ir in s ta bi
·

litie s
,

A e ta 几介te o r
,

占动l’c a ,
2 :2 7 5一2 8 7

.

Ji Z he n , n g (19 87)
,

D yn a m ie s tu die s o n th e tro p ie a l Iar郎
一sea le o e ea n a n d a tn 飞o s p ]ler e ,

D c c to r ia l the sis o f



封0
.

2 1加ST A且IL IT 丫 0 护 T k o 讨C AL O C E A加iC W人勺E S 生选岛

the In s titu te o f the A tm os Ph er ic Ph ysic s ,

Ac
a de m ia S in iea

·

Ji Z hcn g a n g a n d C ha o Jip jn g (1 9 8 6)
,

O n the i胡 u e n ce o f la r郎
一se a le in h o m o g ene ity o f se a te m Pe ra tur e u Pon

the o e ea n ie w a v e s

sc l’.
,

3 : 2 3 8一244
.

in th e tr o Pie a l re g io n s
,

Pa r t 1 1 : L i一e a r n u m er ie a l ex Pe r im e n ts
,

A dv an ce s l’n A tm os
·

JiZ hen ga n g a n d C h a o Jip in g (19 8 7 )
,

Te lec o n n ec tio n s o f the se a su rfa ce tem Per a tu re in th e E a s ter n E q u a toti
a l

Pa cifi e , a n d w ith 5 0 0 h Pa g eo Po ten tia l he ig ht fle ld in th e N o r th e rn H e m isPhe re ,

A d 粉a 月c es l’n A tl n
os

.

Sc i.
,

4 : 3 43一3 4 8
.

Ji Zh en g a n g a n d C h a o JIPin g (19 8 8)
,

A n a n a ly tie m o d e l o f th e tr o Pic a l a ir
·s ea e o u Plin g in te rac tio n (to

be Pu blishe d )
.

Lu k a s ,

K
.

a n d F irin g
,

E
.

(1 9 8 4)
,

T h e g e o str o ph ie b a la n c e o f th e Pa e ifi e e q u a to ria l u n d e re u rr en t
,

D e
即

.

占己。

R es
. ,

3 1(A): 6 1一6 6
.

M a tsu n o ,

T
.

(19 6 6)
,

Qu a si
一
g e o stro ph ie m o tio n s in the e q u a to ria l a r ea ,

J
.

几夕七ro o r
.

S o c
.

Ja
n

. ,

44 : 2 5一42
.

W yr tk i
,

K
.

(一9 7 5)
,

E I N in o 一the d yn a m ie re s p o n se o f the E q u a to r ia l Pa c ifi e o c e a n to a tm o sph er ic fo re in g
,

J.

尸句
,
5

.

O c
ea

n
og

r
. ,

5 : 5 72一5 84
.

W yr tk i
,

K
.

(1 9 8 4)
,

Th
e s lo Pe o f se a lev el a lo n g th e E q u a to r d u r in g th e l98 2 /83 E I N in o ,

J. G e
叩ll,

s
.

R es ,

8 9 :

1 04 19一1 0 42 4
.


