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N U ME R ICAL S T U D Y O F T H E SH O R T
一

T E R M CLIMA T IC

O SC几LAT IO N FO R C E D B Y E L N IN O D U R IN G

N O R T H E R N W IN T E R

NI Y‘n q i (倪允琪 )
,

L i, : 下忆哪
,

il , (林武银) a n d N i刀9 D o 刀g ”le i (宁冬梅 )

D ePar tm en t o f A tm o s ph e rie S e ien c es ,

N a衍in g U n iv e rs ity
,

N a nj in g

R e e e iv e d N o ve m be r 2 8
,

1 9 8 9

A BS T R A C T

U s in g a n in e 一

la ye r g lo b a l sPe ctra l m o d e l
, n u m e r ica l se he m e s w ith tw o d iffe

re n t S ST d zstribu tio n s in

Ja n u a路 (c o n tr o l ca s e a n d a b n o rm a l c a se ) h a v e be e n tes te d to s tu d y the e lim a tie effe e t
,

Pr o Pa g a tio n c h a ra te ris
·

tie s a n d the m a in te 力anc e m e e ha n is m o f th e s ho rt
一
te rm e lim a tie o se illa tio n e a u se d by E l N in o d u r in g n o rt址r n

w in ter
.

T he m a in r es u lts a r e a s fo llo w s : (1) D u r in g n o rthe rn w in te r ,

th ere e x ist tw o w a v e tr a in s be e a u se o f

the jn fl u
en ce o f E I N in o o n e 15 sim ila r to p N A p a ttc rn , a n d th e o th er 15 s im ila r to E U P v a tte rn

.

(2) T he
PN A

一

like w a v e tra in c a u se d b y the a n o rn a lo u s S ST fo r e in g in e e n tra l a n d ea s te rn e q u a to ria l Pa e ifi e O c e a n 15 due
to the re sPo n se o f u ltra lo n g w a v e a n d lo n g w a v e e o m P o n e n ts o f R o ss by m o d e , a n d the E U P

一
lik e w a v e tra in

e ro ssin g E u r a sia 15 m a in ly d u e to th e w a v e e o m p o朋
n t o f R o ssb y m o d e

.

(3) D u rin g n o rthe rn w in ter
,

the w a rm

w a te r re gi o n in ce n tra l e q u a to ria lPa e ifi e o ee a n 15 th e so u re e o f fo ree d w a 、七 tra in s
.

(4) In n o rthe rn w in ter
,

the e n e铭y so u

rce fo r m a jn ta in in g tli e sh o r t
一

ter m e l主m a tje o se i]la tjo n i, fr o m the jn te J一e tio n be tw een e d d ie s , a n d

be tw 耽n e dd y a n d z o n a l fl o w
·

1
.

IN T R O D U C T ION

In re e e n t ye a rs ,

m o r e a tten tio n 11 a s b e e n Pa id to the stu d y o f sho r t
一
te r m elim a tic o se illa

-

tio n ea u sed by th e a n o m a lo u s S ST (s e a su rfa ce tem Pe ra tu r e) in ce n tra l
一e a s te rn e q u a t o ,

·

ia lPa eifi e

d u r in g th e E I N in o Per io d
.

H o r el a n d W a llae e (19 8 1) fi r st Po in ted o u t tha t
,

d u r in g E N SO

Pe r io d s ,

in n o r the r n w in te r the a tm o sPlzc x
一

ie r esPo llse to the e q u a t o ri al hea t s o u

rce m a y e a u se

e q u iv a len t b a r o tr o Pic sta tio n ary w a v e tr ain s a er o ss the Pa e ifi e a n d N o r the r n A m e r iea
.

Shu kla

a n d W a l!a e e (19 8 3)
, a n d G e isler et a l

.

(19 8 5 ) ha v e e x Per im e n te d th e a tm o sPher ie re sPo n se to

the eq u at o r ia l S ST a n o m a ly w ith G CM (g en e r a l e ire u la tio n m o d e l)
, a lz d h a、‘e sim u la ted the

w a ve tr a in s sim illa r to PN A (Pa eifi e a n d N o 一th A m e r ie an ) Pa tter n in n o r the rn w in ter
.

A e
-

e o rd in g to the th eo ry o f H o skin s a n d K a r o ly (19 8 1)
,

the ea u se o f the se w a ve tra i, 15 15 re e o g
-

n ize d a s the d iree t fo r ein g o f the a n o m a lo u s SST in een tr al eq u a to r ial Pa eifi e
.

B一It the G CM
e x Pe rim e n t o f G e isle r e t al

.

(19 8 5) in d iea ted tha t it 15 in a PPr o Pr ia te to re g a rd the fo rm a tio n o f

the PN A Pa tte rn w a v e tr a in s a s the r es u lt o f the d ir ee t fo re in g o f hea t s o u rc e in e en tr al Paeifi e
.

T h ey e x Per im en te d w ith the tr o Piea l S ST A (SST a n o rn aly) lo ea te d in d iffe
r en t lo n g itu d es , an d

the ir r e su lts sh o w ed ther e w a s n o t aPPar en t eha n g e in lo n g itu d e Po sitio n o f the m id
一

la titu d e

r esPo n se
.

T heir v ie wPo in t w as a lso su Po rte d b y p a l,。e r a n d M a n sfi e ld (19 8 6) aft er c o m p a r in g

tw o d iffe re n t G CM r esu lts
.

Sim m o n s et al
.

(19 8 3 ) fo u n d tlla t u n d er so m e e o n d itio n s ,

the

in ter a etio n betw een tr o Piea l fo ree d w a v es a n d elim atie statio n a ry w av e s m ay e au se stable o r

w e ak u n stab le n o rm a l m o d es ,

w ho se e x isten ee 15 o w in g to tlle a sym m etry o f the e lixn a tie m ean
ba sie fl o w

.

T he id ea o f S im m o n s et a l
.

(19 8 3) ha s be e n v e rifi ed by B ra n sta to r (19 8 5) w ho
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Po in te d o u t tha t th e la te n t h ea t in w e ster n Pae ifi e a n d In d ia n o ee a n d ee re a ses w hen SS TA 15

Pla eed in ee n tr a l
一ea ste r n Pa e ifi e , a n d the a tm o sPhe r ie r e sPo n se o ve r n o r the rn Pae ifi e a n d

N o r th e r n A m e r ic a to the a n o m a lo u s he a tin g in th e a r ea s o f In d o n esia a n d In d ia n O e ea n 15

sen sitiv e
.

T h er efo r e ,
the R o ssb y w av e tr ain s e a n b e e x Pla ille d a s the fi r st a PPr o x im a tio n o f

the a tin o sPhe r ie lin ea r r e sPo n se to the d e e rea se o f h ea tin g
.

H o w e v e r ,

w he n they s tu d ie d the

m id la tit u d e a tm o sPh e r ie re sPo n se w ith the ba r o tro Pie m o d e l
,

H e ld a n d K a n g (1 9 8 7) fo u n d

tha t m id la titu d e w a v e tr a in s fo rm ed by th e fo re in g o v er een tra l Pa eifi c ra th er tha
n w e stern

Pa e ifi e o n d the a n o m alies o f d iv e rge n ee in e x tr a tr o Piea l z o n e a r e m o re im Po r ta n t tha n tho se in

tr o Piea l z o n e
.

T h e a b o v e stu d ies c lea ri y sh o w th a t th e代 e x ist tw o m a in Pr o ble m s 5 0 fa r in

the stu dy o f a tm o sPh er ie r esPo n se t o E l N in o in e x tr a tr o Pie al z o n e : (l) w 压eh a re a 15 the

so u rc e ]o c a te d

—
ee n tr a l Pa eifi e o r w este r n Pa c ifi e ? (2) W ha t 15 the m eeh a n ism c a u sin g c x -

tr a tr o p ie a l re sp o n se ? Fo r u n d e r sta n d in g the se tw o m a i, 、 p r o b le m s ,

N i et a l
,

(19 8 9) in v es -

tig a ted tll e c h ar a ete r istie s a n d m e eh a n ism o f th e a tm o sPhe r ie re sPo n s e to E I N in o in n o rther n

su m ln er ,
a n d their r e su lts sho w ed th at in n o r th er n su m m er

,

the so u rc e reg io n o f the e x tr a tr o -

Pic a l a tm o sPh er ie r esPo n se to E I N in o w ith tim e sc al e le ss tha n 10 d a ys 15 lo ea te d in the

a n o m a lo u s ssT a r ea s o v e r c en tra l
一
e aste rn eq u ato ri a l p a c ifi c , a n d tha t wi th tim e se a le la l.s e r

tha n lo d盯5 15 in th e
we

ste r n eq u a to rialp a eific
.

Th
e y also su gg este d tha t the n o n lin ea r in tera c -

tio n s b etw een ed dy a n d z o n a l no w
, a n d be tw ee n ed d ie s ar e the m a in 汀郎ba n ism fo r th e d e -

v elo p m en t a n d m a in ten a n ee o f th e w a ve tr ain s fo r ced b y hea tin g
·

N o w
,

th e p r o ble m 15 w h eth
-

er th is r esu lt 15 a lso ap Pr o Priate to th at in n o r the r n w in ter ,
sin e e the ba sie z o n a l fl o w ha s

d iffe
r e n t str u e tu r e s b etw e en n o rt h er n wi n ter

an d su m m er
·

T h ere fo re ,

in this P叩e r at te m Pt

15 m a d e t o u se the sam e m o d el d e ser ibed by N i et a l
.

(19 8 9) to sim u la te the a tm o sPheri e re s -

Po n se to th e a n o m a lo u s SST in e en tra l
一ea ster n eq u at o ria l Pa eifi e in n o r ther n w in ter ,

w ith a

v ie w to fu r ther stu d yin g the e ha r ae te risties o f the sh o r t
一
t e r m elim a tie o seilla tio n a n d it s Pr o Pa -

g a tio n m e cha n ism d u rin g E IN in o Pe rio d
.

T he m o d e l a n d th e e x Perim e n t sehe m e a re d e se ri
-

b ed in S eetio n 1 1
,

the g lo b al elim atie o seilla tio n w ith the m o n thly tim e sea le d u rin g E I N in o

Pe rio d in n o r the r n w in ter in S eetio n 111
,

the dyn a
而

c al cha r a c teristie s o f th e the rm a lly fo rc e d

sho rt
一

te rm e lim a tie o seilla tio n a n d its h o r iz o n tal str u e tu r e in n o r the r n w in te r in S eetio n IV
,

a n d th e m ain te n a n ee m eeh a n ism o f the sh o r t
一

te r m o s c lla tio n in n o r th er n w in te r 15 d iseu sse d in

S eetio n V
.

T he la st see tio n g iv e s the e o n e lu sio n
.

1 1
.

B R IE F D E S C R IPT IO N O F T H E M O D E L A N D E X PE R IM E N T S C H E M王S

In th is stu d y
,
tlle g lo b a l sPe e tr a l m o d e l u sed e a st o n the sig m a e o o r d in a te in ve r tiea l w ith

ni n e la yer s fr o m th e s u rfa ee t o to P o f the a tin o sPhe re
.

T h e b a sie d yn a m ie a n d th erm o dyn a m ie

e q u a tio n s o f the rn o d el eo n sist o f v o r tici ty eq u a tio n ,

ho riz o n tal d ive rg en ee e q u a tio n , e o n tin u ity

e q u a tio n w ho se s u rfa ee p re ssu re ea n be giv en a ft er in teg r a tio n o f the e q u a tio n ,

therm o dyn a m ic

e q u a tio n a n d m o istu r e ten d e n cy e q u a ti o n
,

T h e r oh m b o dal tr u n c a tio n 15 u se d a t w a ven u m ber

1 5
, a n d the m o d el 15 in teg r a ted by u sin g the G ale rk in m etho d a n d the sem i

一

im Plic it time in te
-

g r atio n se he m e w ith a tim e steP o f 3 0 m in u tes
.

In the m o d el
.

th e Physiea l Pro eess a n d Pa ra m eteriz a tio n s in e lu d e sho r t
一

w av e r a d ia tio n ,

lo n
g-- w a ve ra d ia tio n ,

la r g e sea le e o n d en sa ti o n a n d eo n v eetio n , ve rtie al d iffu
sio n s o f m o m en tu m

,

h eat an d m o is tu r e , an d the e
ffe

e t o f the u n d e r lyin g s u rfa ee (in cl u d in g o ee a n ,

Po la r iee a n d sn o w

eo v er) a n d to P o g r aPhy o n the m o d e l a tm o sPh er e a re e o n sid ere d
.

M o re d e ta ils o f this m o d e l

h as b e en d ese r ib ed by M eA v a n ey a n d B o u rke
(19 7 8 )

.

In th is stu d y
,

the d iffe
r en t ex Pe r im en ta lse he me

s a r e te ste d an d the re su lts a re e o m Pa
rai ive ly

stu d ie d
.
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Seh em e l
, c o n tr o l c ase (he re aft er re fe re n ce d

“E x P I”)
.

SS T u s ed jn the m o d el 15 elim a -

t o lo g ic al In ea n v alu e s in Ja n u a ry
, a n d the a ltitu d e a n g le o f the su n 15 in m id

一

Ja n u a ry
.

Seh em e Z
, a n o m a lo u s ea se (her e aft e r re fe r en c ed “ E x P Z

, ’

)
·

S ST u s ed in the m o d el 15 tha t

id ea liz ed Po sitiv e S ST A w h ieh 15 the sa m e a s tha t in Li n an d S u n (19 8 7) a n d in N i et a l
.

(19 89)
o v er een tr a l

一e a ster n Pac i6 e su Pe rp o sed u Po n the clim a t o lo gi c a l m ea n S ST fi e ld in Ja n u a ry
.

T h e m ax imu m S STA 15 4
.

4
“

C
.

o th er s in the m o d el a re the sa m e a s E x P 1
.

T h e m o d el w a s in teg ra te d fo r 4 9 2 d a ys fr o m re st a tm o sPhe re , a n d then the tw o sehe ln e s

w e r e e o n tin u ally r u n fo r 6 0 d a ys w ith sim u la tio n a t d a y 4 9 2 a s in itia liz a tio n a n d the Ja n u a ry

m o n thly a v era ge sim u la te d re s u lts a re o b ta in ed fr o m the last 3 0 d a y a ve r a g e d sim u la tio n s o f

the e x Pe r im e n ts
, re sPe c tiv ely

.

111
.

G LO BA L C L IM A T IC E F F五C T O F E L N IN O W IT H T H E M O N T H LY rIM E SC A L E IN N O R T H E R N

W IN T E R

T he sim u la tin g a b ility o f the n u m er ie a l m o d el u sed he re h a s b een d isc u sse d d e ta iled ly in

L in a n d Su n
(19 8 7)

,
a n d th e r e su lts sh o w tha t the m o d el eo u ld sim u la te the b a sie e ha r a eto ris

-

ties o fth e a tm o sPh er ic c ir c u la tio n bein g w elle o n siste n t wi th th o se o bse rve d a n d e x h ibit stro n g

、jm u latin g a bility
,

In this PaP
e r,

w e d o n o t d e se ribe it a g a in
, o n ly e o n e e n tra te o n d ise u ssin g

the g lo ba l elim a tie e
ffe

c t o f E I N in o in n o r ther n w in te r
.

D 必
,
·

e , , e e Fi e lcl of G eoP o re , , ria l He ig ht (丑郑, 2 一 五甲 l
, s a , , : e l’n rh e

fo llo
,、

1

l’l珍)

F ig s
.

la a n d lb sho w the g e oPo ten tia l h eig ht d iffe
r e n ee fi e ld s a t 3 0 0 hPa a n d 8 5 0 hPa

(E x P 2 m in u s E x PI)
.

Fig
.

la sho w s tha t the re ex ists sig n ifi ea n t d i价
rc n ee c en te r d istr ib u tio n s be a r in g eo n sid

-

e l.a ble re sem bla n ee to PN A telee o n n eetio n Pa ttern o ve r Pa eifi e a n d n o r ther n A m eri ca in u PPer

tr o Po sPher e in the N o r ther n H e m isPh er e
.

T he d iffe
re n c e fi e ld o v er tr o Pie a lPa eifi e 15 n e g a tiv e ,

o v e r w ester n e o a st o f n o r the rn A m e r iea 15 Po sitiv e a n d o v e r M ex ieo G u lf a n d A tla n tie 15 n eg a
-

tiv e
.

T his r esu lt cl ea rly r efle ets tha t the atm o sPh erie r esPo n se to the Po sitive S ST A o v er c en -

tra l
一e a ste r n eq u a to ri al Pa

e ifi e in the N o r th e rn H em isPher e g e n o ra tes PN A
一

lik e g e oPo ten tial

11 eig ht fi eld
.

o v er E u r a sia n eo n tin en t
, o v e r so u ther n E u r o Pe a n d M e d ite rr a n e a n a re as the

d iffe
re n ee fi eld 15 n eg a tiv e , a n d it 15 Po sitiv e o v e r e en tr al A sia c o n tin en t a n d n eg a tiv e o v e r
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.

G e o p o te n t ia l he igh t d iffe
r
en ce fi e ld bet we

e n E x p 2 a n d E x p l
·

(
a
) 30 0 h p a : (b) 8 50 h p a

.

D a s he d 11一l e s r e Pre s e n t n e g a ti、
,

e v a lu e s , a n d s o lid lin e s p o sitiVe
v a lu e s

.

e a st e r n A s ia a n d Ja p a n
.

T h is 15 re s e , n b la n c e t o E U P(E u ra s ia
·

p a c ifi c ) te le e o n ne e tio n Pa tte rn
.

O ve r the tr o p ie a la r e a to the s o u th o f the n e g a tiv e d iffe re n e e fi e ld r e g io n o ve r s o u the r n

Eu
ro Pe

a 一l d M e d ite rr a 一le a x : ,

ho w e v e r ,

t he d iffe r e n e e re g io n 15 Po sitiv e
.

C o m Pa rin g w ith t he t yPie al

E U P Pa tt e r n , 0 1飞。 e a n fi n d zha t th e n e g a tive d iffe re llce
e e n te r o ve r E u r o Pe 15 fu r the r s o u th

.

T h e

s im u la te d re su lts a r e e o lls is te , I t w ith th o s e in Shu k la a n d W
a lla e e (19 8 1)

, a n d a : 。 b a s ie ally id e n -

tie al t o o b s e r va t io , 15 in Ja , : 、一a ry
,

19 83 (o
u ir o z ,

19 8 3)
.

I n s o u t he r n u PPe r tr o Po s Phe re ,

t h e re

a ls o e x is t tw o d iffe
re n t w a v e tr a in s

.

O n e e r o s s e s e e n tr a l e q u a to r ia l Pa e ifi e s o u th e a stwa
rd t o

t he so u th e r n e d ge o f s o u th A m e r ie a ,

the n r e tu rn s to n o r the a s t a n d P ro Pa g a te s in t o A t la n ti e

a n d A fr ie a
.

I t c o n s is ts o f fi v e d iffe
r e n e e e e n t e r s w ith Po s itiv e a n d n e g at iv e o n e a ft e r a n o th e r

.

T he o t h e r st a rt s fr o ln tr o Pie a l A fr ie a n e o n t in e n t s o u t h e a s tw a r d t o s o u the r n l, zd ia n o e e a n a n d

五n a lly e n te r s s o u the r
·

n Pa e in e a n d e e n tra l
一e ￡ls te rn e q u a to r ia l Pa e i月e a ss o e ia te d w it h w a ve n u m

-

be r 4
.

T h e a b o v o r e s u lts e le a r ly in d ie a te tll a t b e e a u se SST A o v e r e e n t ra l
一e a s te r n Pa e ifi e a n d th e

st ru e tu re o f z o n a l fl o w a r e u n fa v o r a ble fo r t h e a t m o s Ph e r e to g a in e d d y k in e t ie e n e r g y (s e e S e e -

tio n V )
,

the tlle r m a l s o u r c e r e
gi

o n in c e n tr al Pa e ifi e tu nl s to b e th e s o u r e e o f PN A
一

lik e w a v e

tr a in in t h e N o r th e l
·

n H e
而

s Ph e re a n d th e e a s te r n w a v e t ra in s in th e So u the r n H e m is Ph e re ,

b u t

the s o u re e s o f w a v e t ra in s sim ila r to E U P
一

lik e in th e N o r the r n H e m isPh e r e a n d th e o the r

wa
ve tr a in s in the So u 尘he n H e m is Ph er e a re ]o e a te d in tr o Pie a l I n d ia n O e e a n a n d rr o Pie a l

A fri e a
.

A p Pa r e n tly
, the fo r一n a tio n o f t he la tte r is d u e t o th e in fl u e n e e o f th e S ST A o ve r e e n tr a l

-

e a ste rn Pa e ifi e o n tlle e q u a t o ri a l e a s t
一

w e st e irc u la t io n ,

w hie h in te n s ifi e s t he a n o m a ly o f e o n -

ve c tiv e h e a tin g o v e r tr o Pie a l In d ia n O e e a n a n d tr o Pie a l A fr ie a
.

T his a s su m Ptio n w ill b e fu r -

the r v e r ifi e d in t he n e x t s e e t io n
.

C o m Par in g Fig
.

I a w ith Fig
.

lb
,

w e e a zi fi n d in u PPe r a n d lo w e r tr o Po s Ph e代 b e tw e e n 3 0
“

S一
30

o

N tha t
,

th e Pha se s o f t h e e d d ie s a r e t h e sa m e , a n d th e Po sitio n s o f t h e e d d y e e n te rs a re

cl ose t o e a ch o th e r ,

b u t the r e g io n o f e d dy e e n te r in the ]o w e 一 tl
·

o Po sPh e re e o n tr a s tin g t o th a t

in the u p p e r 15 n e a r th e e q u a t o r
.

T h e s e re s u lts r e fl e e t tlla t t h e v e r tie a l s tr u e t u r e o f e d d y 15 ba r o
-

cl in ie
, a n d e q u iv a le n t b ar o t ro Pi e o v e r th e r e g io n s fa r aw ay fr o m e q u a to r

,
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4

2
.

D必
r e o e e 矛’Id w Fi e ld

Fig s
.

Za a n d Zb g iv e tlle d iffe
re n ee fl o w fi eld a t 3(X) hPa a n d 85 0 hPa

.

、、、、、、、、、、工、、‘、、、、、、I、、工、毛、、即

60 乍

3

0

一洲毕

\、、、、
、·//、/,

.

一一价30

60
0

5

9 0

布湃撰
一

){澎纷i题钾 龚兹
让 6 0

“

E 1 20 2O 芍OOW 0

90

一 、

一 夕
z少 ‘

、 飞一

3 0

0

3 0

60
“

S

90 屯‘
一 〕 .

气叮
0

Fig
.

2
.

6 0
口

E 1 2 0 t 1 8 0 工2 0
6 0

“

W 0

D i价re n ce fl o w be twc e n E x p 2 a n d E x p 1 fo r 300 hPa (a ) a n d 8 5 0 h pa (b )
.

Fr o m Fig s
.

Za a n d Zb w e e a n see tha r o ve r th e he a t so u r ee in c en tl.a l
一ea stern eq u a to ria l

Pa e ifi e ,

the 3 0 0 hPa fl o w a lo n g e
qu

a to r 15 d iv er g en t ; o v er e a st o f the so u rc e r eg io n ,

it 15 we
ste ri y

d iffe
ren ee fl o w ; o v er

we
st sid e there e x isrs e a ste rly d iffe re n ee n o w

.

H o
we ve r , o v e r

we
stem

e q u at o ri al P aeifi e it 15 eo n v e rg en t flo w a lo n g th e equ
at o r

.

It 15 e a sterly d iffe
re n ee fl o w o ve r th e

are
a ea st o f 14 0

O

E
,

an d w este rly w est o f l4()
O

E a n d e a st o f 60
0

E
.

A t 8 5OhPa ,

It is e o

nve
r gen t

fl o w o v e r the so u r ee w ith d iffe re n ee e a sterly o v e r e a st sid e o f the so u r c e a n d d iffe
r en e e we

sterl y

o v er w e st sid e
.

T he re 15 d eve rg en t flo w o ve r e q u a to ria lw e ster n Pa eifi e w ith w e sterly d iffe
r en ce

fi o w o ve r the a r ea ea st o f 13 0
“

E a n d e a sterly w est o f 1 30
“

E
.

T he d istr ibu tio n o f d iffe
r en ce

flo w a n d d iv er g en t a n d e o n v er ge n t r eg io n s in u PPe r 一lo w er Iayer s d eser ib ed a b o v e is ju st o PPo sit e
·

to the d irec t主o n o f eq u a to ri a lW a]ke r ce ll
.

A s a re su lt
,

it w ea ken s the jn te n sity o f e q u a to ria l
,



N 0
.

5 N U M E R IC A L ST U D Y O F E L N IN O
一

FO R C E D C LIM A T IC O S C
.

5 5 9

W a lk er e ell an d e a st
一

w est c ir eu la tio n o v er eq 、一a to r ial In d ia l飞O e e a n a sso e ia te d w itli e o n v er g en ee

111 the u PPe r a n d d iv e rge n ee in the lo w e r o v e r eq u at o ria l ee n t ra l
一

w es te r n In d ia n O ee a n
.

A t

th e sa n 、e t im e ,

d iv er g en e e in th e u PPe r a n d e o n ve rg e n ee in the lo w e r e x is t o v e r e q t、a t o r ia l e e n t ra l

A fr iea , r esu ltin g in r ein fo r ein g e o ll、
,

e etiv e ae tivity a n d fo r m in g n ew he a t so u re e o v e r e q u at o r ia l

e e ll tra l A fr iCa
.

Fr o m F ig
.

Za
,

it 15 fu rther seen tha t th e d is tr ib u tio n o f d istu r b a n ee ee n ter s e o r r e sPo n d in g

to d iffe
re n e e r eg io n s in tlle g eo Po ten tia lhe ig ht d i阶 re n ee fi e ld 15 sim ila r t o th e PN A Pa tte r n a n d

E U P Patte r n in th e N o rth er n H em isPhere
,

w her ea s th e e o u n te rPa rt o f tw o w av e t ra in s in the

d iffe
r en e e fl o w fi eld a n d th e 罗o Pot e n tia lhe ig ht fi eld als o e x ists in the S o u th er n H em isPller e

.

T h er e a re a Pa ir o f a n ticy e lo n ic d iffe re n ee eir eu la tio n s in the u PPer a n d a Pa ir o f eye lo n ie d if-

fe r en e e e ir eu la tio n s in tlle lo w er o v e r b o th sid e s o f the eq u a to r t o tlle w e st o f the e q u ato r ial

s o u r e e
.

T he se sim u la ted re su lts a re in a gree m en t w ith the o r etieal r e su lts (G ill
,

19 80 : L a u

a n d L im
,

19 84 )
.

T h e d iffe
re n ce fl o w in the lo we

r t ro Po sPhere (Fig
.

Zb) sh o w s tha t the ph a se s

a n d p o sitio n s o f d iffe re n ee c ir eu la tio n s a re e o n siste n t w ith tho se in the u p p er e x ee p t fo r the

r eg io n s n ea r the e q u at o r w h ile d o w n stre a m o f d iffe r en ee n o w in the lo w er 15 o PPo site t o tha t

in th e u PPer o v er th e r e gio n s n e ar the equ ato r
.

T h ese sim u la tio n s ag re e w ith the re sPo n se o f

sim u la ted g eo Po te n tia l he ig hts
.

3
.

Te
n 少era t“re D 尹砂

r e , ,e e 声’l’e ld

F ro m the m a p o f tem p er atu re d iffe
r en e e fi eld in the lo w er tr o p o sPhe re (Fig

.

3 b)
,

it 15

see n tha t te m Pe r atu r e in ere a sin g reg io n s e o v er the w h o le E u ra sia n a re a e x e ePt fo r Po la r re g io n s

o f A sia a n d E u r o Pe ,

So u th ea st A sia a n d M e d iterra n ean
.

In ad d itio n ,

the re 15 a n in ere a se re
-

g io n o f tem Per a tu r e o ve r N o r th A m er iea ex eePt fo r a fe w lo ea l r eg io n s,
esPee ia lly a w a rm er

w in ter a PPea r s in n o l
,

th o f N o rth A m e rie a
.

T his sirn u la ted r es u lt 15 e o n sisten t w ith o b ser v a
-

tio n s 111 D eee m ber ,

19 82一Feb
. ,

19 8 3 (Q u ir o z ,

19 83 )
.

T he te m Per a tu re in e re a sin g a re a ex ists

o v e r een tr al
一e a stern Pae ifi e b e tw e en 4 5

“

N a n d 4 5
“

S
,

w hiel飞 15 in a g r eem e n t w ith o b se r va tio n s

(Shu kla an d W a lla ee ,

19 8 3 )
.

T he r e a re tem Pe r a tu r e d e ere a sin g r e g io n s o v e r hig he r la titu d es ,

w e ster n Pa e ifi e a n d e ast o f In d ia n O ee an w ll ile w e st o f In d ia n O ee an 15 a n in er ea sin g a re a
.

V a r iatio n s o f tem Per atu r e a r e n o t aPPa r en t in th e A tla n tie o ee a n
.

L o ea l d iffe
r en ee b etw e e n eha r ae te risties o f tem Pe r atu re d iffe re n ee fi eld s in the u PPer a n d

in the lo w e r 15 sig n ifi ea n t a ltllo u g h they h a ve sev er al e o m m o n eha r ae te rs
.

T here ex ist in er ea se

r eg io n s o v e r Pa eifi e a r e a e x c ePt fo r hig h la tit u d e s a n d eq u a to r ia l w este r n Pa eifi e
.

T her e is a

d e er ea se are a o v er th e In d ia n o c e a n e x e ePt fo r e q u at o r ia l In d ia n o e e a n a n d a fe w r eg io n s in

the So u th ern H em isP here
.

D istr ib u tio n o f tem Per atu r e in the A tlan tie 15 r ev er se to tha t in the

Pa Ci fi e
,

w he re in c r e a se a r e a s e x is t o v er high er latitu d es a n d d eere a se a re a s o v e r lo we
r latitu d es ,

w ith an e x e
即tio n tha t d ist rib u tio n in eq u ato r ia l A tla n tie 15 e o n sis ten t w ith th a t in e q u ato ria l

Pa eifi e
,

D ee re a se reg io n s o f te m Per a tu r e a PPea r t o b e o v er E u r o Pe a n d the s o u th o f A sia

a n d in er ea se r eg io n s o v er m id d le
一

h ig h la titu d e s o f A sia (ex eePt fo r th e Po la r a r ea ) an d N o r th

A m eriea
.

A ee o rd in g t o th e a b o v e sim u latio n ,

it 15 ele a rly seen th at E I N in o ha s a d iffe
r en t in flu en e e

o n tem Pera tu r e o f th e tr o Po sPhe re
.

It 15 high
er o v er n o r th o f the eo n tin en ts a n d lo w e r o ve r

so u th o f the eo n tin e n ts a n d v ic e v e rsa o v e r o eea n s
.

T he m o st aPPa r en t in flue
n ee a re a s a r e

lo ea ted in the Pa eifi e ,

In d ian o e ea n ,

E u r a s ia n e o n tin e n t an d N o r th A m e riea n eo n tin en ts
.

4
.

PI
·

ee iPita ri。, 2 D iffe
r e n c e Fi eld

Fig
.

4 g iv es Pr eci Pita tio n d iffe
re n c e be twe

e n E x PZ a n d E x PI
.

Fig
.

4 ele a ri y sho w s th a t
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一

一
l三三二运贾多

二

石二
~ 、、
、

尸夕

二刁

60
“

N

一 ~ , 、

‘义乏穷 甸 À
决边互

30 F 二
z 一 、芝弓 一 、

E、 缪 l L

牛匕
一 )

对

、勺\
3O

二二形一之勺
迄)

、、 ~ ~ 一 护

、 t

J / 尸一 、夕

~ ~ _ 一 尹

60
0

5

万

( a

9O

60 “E 120
莽三丰

.

1 8 0 1 20 60
0

W

90

6 0

30

30

6 0

F ig
.

3
.

T e m Pe r a tu r e d iffe
r e n c e fi e ld b e tw e e n 〔x P 2 a n d E x P 1 fo r 30 0 hPa ( a ) a n d 8 50 h Pa (匕)

.

1一lt e r v a l : l
.

Z o C
.

90

。。
·

N

卜巡

二O

30

。。·s

尸

鸭 6 0 . E 录 1 80
= 了李互二三

一 ”

一下
~

二工二
120 60

U

W

F ig
.

4
.

Pr e e ip ita t io n d iffe r e n c e

1in e s r e p r e se ll t Po siti ve
m a P b e tw e e n E x P 2 a n d E x P 1

.

I n t e r v a l :

v alu e s

m 一11/ d a y ; d a sh e d
v alu e s ; so lid lin e s n e g a t iv e
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the r e a re in c re a se re g 孟O n s o f p rc 。沙ita tI’O n 动 e g 傲才山谊习] cen tra l
一e a s te rn Pa

eifi e a n d eq u a to ria l
ee n tr a l A fr ie a ,

re ne etin g e n ha n ce m e n t o f eo n ve etiv e a e riv ities
.

H o w ev e r ,

Pr e eiPita tio n d ee re a se s

in e q u a to ria l we
stern Paci fi e an d eq ua t o ria l In d ia n O eea n n e a r 6 0

“

E
.

T he c h a r a c te r
.

o f

p re e iPita tio n d istri b u tio n tha t Pr eeiPita tio n d eer ea ses in w est o fe q u a t o r ia lPa e ifi e an d in cre a ses

in ea s t o f it
,

15 sim ila r t o the o b serv e d eh ar a ete r in the E I N in o ye a r (Shu kla a n d W
a lla ee

] 9 83 )
,

an d a ls o e o n siste n t w ith w ea k en in g o f eq u a to r ial ea st
一

we
st eir e u la tio n

.

T he re e x is t

in e re a se r eg io n s o f Pre eiPita tio n in so u th o f A sia 认 here a s d ee rea se r eg io n s o f Pr ee iPitat io n in

S o t ,rh C h in a ,

Pa r t o f N o r thea st Ch in a
, a n d Ja pa n

.

Pr e eiPita tio n in er ea ses a r e fo u n d in the

w est e o a s t a lld n o r the a st e o a st o f S o u th A m eri e a , a n d so u th o f A fr iea e x e ePt fo r so u the a st

e o ast a re a s w hile Pre eiPitatio n d eer ea se s in n o r th o f A fr ie a an d o the r a r e a s
.

T h e a b o v e d ist r ib u tio n o f sim u la ted Pr eeiPitatio n 15 in b a siea l a g re em e n t w ith o b serv ed

P ree iPita tio n a n o m a lies in w in ter duri
n g the E I N in o Per io d o f 19 8 2一 19 83 (B e rg m a n e t a l

. ,

19 8 5)
.

T he fa c t d ese rib e d a b o ve re 月ec ts tha t
ma in e ha ra ct er s o f Pre e iPita tio n d is tr ib u tio n

d u r in g tll e 〔1 N in o Pe r io d a re b a sica lly sim llla ted
.

IV
.

D YN A M IC A L C H A R A CT E R IST IC S A N D H O R IZ O N T A L ST R U C TU R E O F TH E R M A LL Y F O R C〔D

S H O R T
一

T E R M C LIMA T IC O SC ILLA n O N S IN NO R TH E R N W IN T E R

In tlzis Pa Per, the n o
rm

al m o d e tech ni q u e is u沁d to d ee o m Po se the si m u la ted res
u lts in

o r d er to in v e stiga te dyn a m iea l eha r a ct eristie s o f sh o r t
一

te rnl e lim a tie o seilla tio n s
.

T he n o rm a l

m o d e m eth o d w a s d eser ibed in d e ta il by N i a n d Lin (19 9 0)
.

In the n o rm a l m o d e tee hxliq u e ,

J
一

卜1 ea stw a rd a n d we
stw a rd Pr o Pag a tin g g r a vity w av es

a n d w estwa rd Pr o Pa ga tin g R o ssby wa ve s a re resPeeriv ely o b tain e d fo r eac h v er tiea l m o d e a n d

wa 二
n u :n b e r (ex e e Pt fo r w a v e n u m b e r z e r o )

,

Fu rther m o r e ,

the ir fre q u en e ie s sa tisfy the fo llo w
-

in g r ela tio n :

L (C
卜

)> ⋯> L (G ;协> L (R
。

)> ⋯ > L (R
,
)> O> L (‘黔 > ⋯ > L (‘丁)

.

A m o n g tl: em the e l飞a ra c te r istie w a v e w itli L (G 畜) re fe rs to a s K e lv in w a ve b e ea u se its m e r i
-

d io n a l Per tu rb a te d ve lo e ity 15 v ery sm all
.

B u t the w a v e w ith L (R
。

) Po ssesse s eh a r aete r o f

R o ssby
一

g r a v ity m ix ed w a ve
.

W
e m a k e u se o f the n o rm a l m o d es d e se ribed a b o v e to d e eo m Po se the d iffe re n此 fl o w

fi eld b e tw e en E x P 2 a n d E x P 1 in o r d er t o a n a lyz e e ha ra eteristies a n d stru e tu re o f the fo rc e d

w a v es by SST A o v er eq u a to r ial e e n tr a l
一e a ste rn Pae ifi e

.

Fig
.

sa g iv e s e x tr a lo n g w ave e o m Po n e n t o f R o ssby m o d e a t 3 0 0h Pa
.

It sh o w s tha t a Pa ir

o f a n tieye lo n ie R o ssby m o d e s a re fo rm ed o n b o th sid es o f w est o f the h ea t so u r ee in the u PPer

a n d a Pa ir o fe

州
o n ie R o s sb y m o d es in tll e ]o w e r w h e r ea s o n b o th sid es o f ea st o fth e h eat so u r ee ,

a Pair o f ey elo n ie R o s sby m o d es ar e fo r m ed in the u PPe r a n d a Pa ir o f a n tieye lo n ie R o ssby

m o d e s 111 th e lo w e r
.

A lo n g the e q u a t o r
,

the r e 15 d iffe
re n ee ea ster ly in the u PPer a n d d iffe re n ce

w ester ly in the Io w er o v er ea st o f the h ea t so u ree a n d the re ve r se o f this ha PPen s o v er th e a re a

ea s t o f 9 0
O

W : ther e 15 d iffe
r en e e ea ste rly in the u PPer a n d w esterly in the lo w er o v er w e st o f

the hea t so u

rce
a n d the re ver se o f this h a Ppe n s fu r th er w est o f the s o u r c e

.

APPa r en tly
,

a Pa ir

o f a n tie ye ]o n ie a n d e yelo n ie R o ssby m o d e s in th e u PPer a n d the lo w er o n b o th so u th an d n o r th

sid es o f the e q u a t o r ea n a ri se as a r estl lt o f a tm o sPhe rie R o ssby ba ro elin ie r esPo n se to the he a t

s o u

rce
o v e r w e s t o f the s o u ree

.

O ve r ea s t o f the he at s o u r ee ,

the d ire etio n o f d iffe re n ce flo w

al o n g the eq u a t o r 15 o PPo site t o tha t o f W a lk e r e ell
,

thu s re s u ltin g in we
a k e n ing W a lk er eel ]

.

In m id d le
一

hig h Ia titu d e s o f So u the r n a n d N o rth ern H em 诬sPhere s,

Ph a ses o f R o ssb y m o d e s in

the u Ppe r a n d 豆n the lo w e r a re th e sa m e .

In the
玫d fic a n d N o r th A m oriea a re碑 o f th e
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N o r ther n H em isPhere
,

the r e e x is ts e x tr a lo n g w a v e e o m Po n en t o f R o ssby m o d e 5 1而 la r to the

PN A Patter n
.

T h e re sPo n se 15 a lso ev id en t in th e S o u th e r n H e m isPh ere
·

T h ere b a siea lly 15 eo r -

re sPo n d en ee betw e en e x tr alo n g w av e eo m Po n en ts o f R o ssby m o d es in the d iffe
r en e e fl o w fi eld

a n d in g eo Po ten tia lh eig h t d iffe
r en e e fi e ]d

, r eflee tin g e x isten e e o f a p Pa r e n t R o ssb y w av e tra in s
.

F ig
.

sb g iv es lo n g w av e e o m Po n en ts (w a ve n u m b er 4 一 6) o f R o ssby m o d e
.

Fr o m Fig
.

sb
,

it 15 e le a r ly seen th at lo n g w a v e re sPo n se o f R o ssb y m o d e m a in ly ex ists in m id d le
一

hig h Ia
-

titu d es o f So u the rn an d N o r th en H e m isPh er es
.

Fu r therm o re ,

it 15 m o r e re m a r k ed in the N o r -

th er n H em isPhe re th an tha t in th e S o tlt her n H e m isPh e r e a n d m o r e r em a r k e d in the E a ster n

H em isPhe re tha n in the
W

e ste r n H em isPhe re
.

C o m Pa r in g lo n g w a v e e o m Po n e n ts in the u PPe r

w ith tho se in the lo w er ,

it 15 a lso see n tlla t lo n g w a v e e o m Po n e n ts o f R o ssb y m o d e a lo n g m id d le
-

h ig h la titu d in a l e irc le fo r m a seri e s o f a lte rn a tin g eye ]o n ie a n d a n tie ye lo n ie d istu rb a n e es w ith

s a ln e Pha se in th e v er tiea l
, n a m e ]y e q u iv a le n t b a r o tr o Pie s tr u e tu r e

.

It 15 n o tew o r thy tha t th e

re sPo n se 15 the m o st e v id e n t in the Pa e ifi e a n d In d ia n O ee a n a r ea s w l飞e re a s it 15 e o m Pa ra tiv ely

w ea k in th e A tla n tie a r ea
.

o f th e a b o v e ,
a n ex tr alo n g w a v e tr a in o f R o ssby m o d e a n d a lo n g w a v e tr a ill o f R o ssb y

m o d e a lo n g a la titu d in al e irele in So u the r n a n d N o r ther n H em isPhe res ea n a r ise a s a r esu lt o f

lo n g w av e an d e x t ra lo n g w a v e eo m p o n en t r esPo n se o f R o ssby In o d e to e q u at o r ia l SS T A
.

T his resu lt 15 e o n siste n t w ith the the o r e tiea l r e su lt o f L im a n d Ch a n g (19 8 3 )
.

C o m Pa r in g Fig
.

sa w ith e x tr a lo n g an d lo n g w a v e e o m Po site m aP o f R o ssby m o d e (Fig
.

sc) sh o w s tha t Po sitio n s an d Ph a se s o f e x tra lo n g w a v e e o m P o n e n t o f PN A
一

lik e R o ssby m o d e

a r e e o n siste n t w ith th e PN A Pa tte rn in the e o m Po site m a P二 T his r esu lt e lea rly sho w s th at the

PN A Pa tter n fo r m ed by fo r ein g o f the hea t so u r ee in Fig s
.

se a n d la m a in ly r e su lts fr o m r e s -

r o n se o f ex tr a lo n g w a v e e o m Po ne n t o f R o ssby m o d e
.

Fu rtherm o r e ,
th e lo e atio n o f

a n tieyelo n ie an d eyelo n ie d iffe
r en ee ee n te r s a er o ss E u r a sia n c o n tin en t in Fig

.

se e o rr es -

Po n d s t o th a t o f E U P
一

lik e g eo Po te n tial he igh t d iffe
re n ee ee n te rs

.

C o m Pa r in g Fig
.

se w ith

F ig
.

sa in d iea te s th at th ere e x ists aPPa re n t a n tie ye lo n ie R o ssby m o d e r esPo n se in Fig
.

se

w he re a s in Fig sa
,
the re 15 a cyelo n ie d iffe re n e e eirc u la tio n ,

a n d the re n o lo n ge r ex is ts a PPa r en t

e x tr a lo n g w a ve re sP o n se o f R o ssb y m o d e o v e r the a re a w est o f the a b o v e cy elo n ie d iffe
r e n c e

e ir eu la tio n
.

C o m Pa r iso n o f F ig
.

se w ith F ig
.

sb sh o w s th a t lo n g w a v e e o m P o n e llt re sPo n se

o f R o ssb y m o d e betw een 30
“

N an d 60
o

N 15 w e ll e o r re sP o n d in g to E U R like d istr ib u tio n in

F ig
.

se a n d lo n g w a ve e o m P o n en t re sP o n se o f R o s sby m o d e in the a re a b e tw e e n 90
“

W
an d

18 0
“

W a n d b etw ee n 30
O

N a n d 6 0
0

N 15 e o n siste n t w ith Pl飞ases o f m e m b e r s o f P N A
一

lik e in

F ig
.

se
.

T he se re su lts e le arly s u g g est tha t the PN A
一

like re sPo n s e to S ST A o ve r e q u at o r ia l

e en tr a l
一
ea ster n Pac ifi e r esu lts fr o m ex tra lo n g a n d lo n g w av e e o m Po n en t r esPo n ses o f R o ssb y

m o d e an d th e E U P
一

lik e r e sPo n se in E u ra sian e o n tin en t r esu lts fr o m o n ly lo n g w a v e r e sPo n se

o f R o ssby m o d e
.

Fr o m Fi g s
.

se an d sb
,

it 15 a ls o se e n tha t lo n g w a v e r esPo n se o f R o ssby

m o d e m a in ly ha s a n in fl u en ee o n m em ber s o f the w av e tra in in the In d e a n O e ea n a r ea o f the

S o u the r n H e m isPh er e w liere as the w a v e t ra in in th e Pa eifi e a n d A tla n tie a r e a s m a in ly r e su lt s

fr o m e x tr a lo n g w av e r esPo n se o f R o ssby m o d e
.

Fig s
.

6 a an d 6b r ePre sen t e x tr alo n g w av e r esPo n se o f K elv in m o d e a t 3O0 hPa a n d 8 5 0

h Pa , r e sPe etiv ely
.

It 15 sho w n th a t there e x ist d iffe
r en ee e a ste r ly in the u PPe r a n d d iffe

r n e e

w e s te r ly in the lo w e r o v er the w e s t o f the he a t so u r e e a n d a d iffe
r en ee w in d re v e r sa l 15

o bser v ed o v er the ea st o f th e so u r ee
.

T I一ese fa et s a PPa re n t]y r efl eet the e x isten ee o f e o n v e r-

g en ee in the lo we
r o f the h ea t so u r ee an d d iv e rg e一l ee in tlle u PPe r in a sso eia tio n w ith a se en d in g

d iffe
r en ee fi o w

.

T his d is tr ib u tio n o f e
qu

a to r ia l e a st
一

w est z o n a l d iffe
r e n e e fl o w 15 j

u s t o PPo site

to th e direetio n o f W a lker e oll
.

E v id en tly
,

ex tr a lo n g w av e e o m Po n e n t r esPo n se o f K elv in
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m e d e to the he at so u r c e we
ak en s

W
a lk er ce ll

.

M a g n itu d e o f l加g w aV e e o m Po n en t re sPo n se o f K e lv in m o d e 15 o lle o rd er sm a ller than
th at o f ex tr a lo n g w a ve e o m p o n en t r e sp o n se

.

H o w e ve r ,

m a g n itu d e o f e x tra lo n g w a v e e o m
·

Po n en t r esPo n se o f R o ssby m o d e 15 in th e sa m e o rd er a s tha t o f lo n g w a v e e o m Po n e tlt r esPo n se
.

T h er efo r e
,

ex tra lo n g w a v e a n d lo n g w a ve re sPo xl ses o f a tm o sPhe rie R o ssb y m o d e to th e hea t

so u r ee a re eq u ally im Po r ta n t w h er ea s e x tr alo n g w a v e r esPo n se o f a tm o sPhe rie K elvin m o d e t o

th e hea t so u r ee 15 m o re im Po r ta n t e o rn Pa l
‘

ed w ith lo n g w av e r esPo n se o f K e lv in m o 己e
.

Fi n a lly
,

it 15 Po in ted o u t tlla t the d ive rg e n t n o w 6 e ld 111 the u PPe r o f th e hea t s o u r e e a n d

eo n ve rg e n t no w 五eld in th e lo w e r r esu lt fr o 一n in e rtia
一

g r a v ity m o d e re sPo xl se o f a tm o sPlle r e to

th e hea t s o u r ee (n o t sh o w n
)

.

H o w ev e r ,
the d iv e r g en t a n d e o n v e rge n t 月o w fi eld s w ith Pha se s

re ve r se to the a b o v e 月o w a r e fo rrn ed o v e r the a l.e a n ea r 12 0
“

E
.

M ag n itt 一d e o f in e r tia
一

g ra v ity

m o d e 15 n o t o n ly o n e o rd e r sm a lle r tha n th a t o f R o s sby xn o d e ,

b u t a ls o sm a lle r th a n K elv in

m o d e
.

T he a b o v e fl o w d istrib u tio n s h a ve a n in fl u en e e o n tlle a s e ell d in g d iffe
r en e e b r a n c h o v er

eq u a to ria le a ste rn Pa eifi e a n d the d e sc en d in g d iffe
re n ee b r a r一eh o v er eq u a to r ia lw e ste r n Pa eifi e

.

T he ab o v e re su lts fr o m n o rm a l m o d e d ee o m Po sitio n o f s im u la ted d iffe
r e n ee 月o w a r e in

ag r ee m en t w ith theo retie a l r e su lts (G ilj
,

19 8 0 : L a u a n d Lim
,

19 8 3 )
.

V
.

M A IN T E N A N C E M〔C H A N ISM O F S H O R T
一

T E R M C L IM A T IC O SC ILL A T IO N S IN N O R T H E R N

W IN T E R

5 im m o n s e t a l
.

(19 8 3) hav e stu d ie d the r elatio n shiP b etw e e n a tm o sPhe r ie te le e o n n e e tio n s

a n d b a ro tr o Pie in sta b je m o d es o f b a sie fl o w a n d Pio n ted o u t tli a t w este rn Pa eifi e a n d A tla n tie

O eea n a r ea s a re se n sitiv e reg io n s o f a tm o sPhe r ie r esPo n se t o ex te r n a l fo r ein g s
.

N i e t a ]
.

(19 90 ) fu r the r su g g e ste d th a t in n o rther n su m m e r ,

fo r m a tio n a n d m a in te n a n e e o f sho r t
一

te rm

elim atie o seilla tio n w ith m o n th ly tim e se ale r esu lt fr o m d isPe rsio n o f e n e rg y
,

in tera etio ll be -

tw een ed d ies ,

b a sie fl o w a n d ed d ies
.

T h er efo re , a n a ]yz in g the e
ffe

et o f b a r o tr o Pie in s ta bility

o f a sym m er tr ie z o n a l b a sie flo w o n sh o rt
一

ter rn c lim a tie o se illa tio n s 15 heIPfLl l fo r u n d e r sta n d in g

m ain ten a n e e m eeha n ism o f sho r t
一

te rm e lim a tic o sc illa tio n s in lio r th e r n 认,

in ter
.

A ssu m in g tha t sh o r t
一
te rm elim a tie rn e a n fl o w 15 th e fu n ct io n o f x a n d y

,
th e n the ed d y

k in etie en e rg y e q u a tio n d e ser ib in g the e ha n g e o f ed d y kin e tic e n er gy 15 w r itte n a s

刁K
二

at 一
CK

。 : 二

+ C K
扫 : , + CK

, ,

( 1 )

W he代

、声、尹、几J尹
q山OJ

了.厄‘r/、、

C K
。 T 二

“ 。 * ’一 。* ’

)尽
l, ,

口万

a u l,

C K
。 T y =

一 。* 。 *

r才ub +
~

粤丝、, 一 。* 。

理少

\ 口y d % 厂 口y

C K ( 4 )

、

l
成
)’’�yV一尔

户 .

价一a
+

w h e r e u o a n d y ; r e Pre se n t

v * a n d 功
* g iv e d e via ti0 11

z o n a l a n d nl e rid io n a l e o 一n P o n e n ts o f b a s i e fl o w
, r e s Pe e tjv e ly :

b in a tio n o f th e fi r st a n d

o f S ST A e x Pe r im e n t

se e o n d te r m s in E q
.

E x P 2 fr o m t h e n o r m a l e x Pe ri m e n t E x P I
.

(l) m a y b e w r it te n a s

f旦丝
里

、 _

\ 刁犷 / , T
E

·

V u b

C o n 飞-

( 5 )



N o
.

5 N 口M E对C A L S T U D Y O F E L N 丈N O
一
F O R C E D C LIMA T IC O S C

.

6 6 5

w h e r C

E = 一 (
u * , 一。 * , , “ * v *

)
,

( 6 )
a n d r ePre s e n ts z o n a l eo m Po n en t o f E P fl u x ,

w h ie h 15 a n e
ffe

e t主v e d ia g zio stie a va ila ble fo r stu dy
-

in g in te r a e tio n be tw e en z o n a l fi o w a n d t限 n sie n t ed d ie s (H o skin s e t al
. ,

19 8 3)
.

T he fi ,
,

s t te r m in E q
.

(l) re fl eets m a g n itu d e o f in ter ae tio n b etw e e n z o n a lin sta blity o f b a sie

fl o w a n d z o n a l e d dy m o m e n tu m tran
sPo rt

.

E d d y k in e tie e n e rg y in ere a ses in th e re g io n s w her e

ther e e x ist z o n a lly e n lo n罗d ed d y (u
* ,

> v * ’) a n d 刁。。/ a二 < 0 o r m e rid io n a lly en lo n g ed ed d y

(v * 2 > u 井“) a n d 刁u 。
/ a

x > 0
.

It r eflec ts the u n sta ble e
惋

et o f z o n a l a sym m e tri e eo m p o n en t o f

b : 5 ie fl o w
.

T he see o n d te rm o f E q
.

(l) show
s m a g n itu d e o f in ter ae tio n be tw een m e rid io n a l

in sta bility o f b a sie fl o w a n d m erid io n al tra n sPo rt o f z o n a l m o m en tu m
.

It Pa r a llels t o k in etie

e n e

卿
e o n ve rsio n b etw e en z o n a l sym m e t石e ba si c 月ow 份

u。
/ 刁万 = 0) a n d ed d ies

.

T he thir d

t e rm o f E q
.

(l) gi v es eo n v er sio n o f ed d y POte n tial en erg y to ed d y ki n etie e n er g y
.

D ist r ib u tio n o f C K
。 : 二

in n o rt he rn w in te r o f the E INi
n o yea r (n o t sho w n ) sho w s th at

m a x im u m a r ea s o f z o n al k in eti e en e rg y c o n v ersi o n to ed dy k ine tic en erg y a re lo e ated in n o r·

the r n Pa e ifi e , e a st o f N o rt h A m e rica a n d ea st o f N o r th A fr ic a
,

w hi ch re su lt fr o m u n sta ble z o n a l

叭

60

艺)么 名
30

母粤粼
从

一

一一
,

一
〔毋 甲

30

60
0

5

)�a沪一‘

一
9 0

叹 一一~ 一一一 一一

仁

一
一了

—6 0 O E

一笋二
、

三
_

_

一几L 1 . 一丁二
..

1 20 土80 1 20 60初

9 0
-

一二 ,,

_

/

尸飞‘厂
‘O N卜飞扛

仪办、 已

.

~
~
尸、 心

3 0卜

6 0
心

S
妞

’

g 0 一一一
一户了丁、

一一

一
一

声
屯二之一

, -

60
一

E 1 2 0 1 8 0 1 2 0 60
J

W

Fi g
.

7
.

(a ) Po s it ive va lu e a

rea d is tr ib u t io n o f C K B : 二
+ C K

B : , in n ort he rn w in ter ; (b) Posi tive va 】u e ax e a

d is t r ibu ti o n o f C K 户
.
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a sym m e t r ie e o m Po n e n t
.

A cc o r d in g to the ab o v e an a ly sis
,
the se a r e a r e a s w her e the re ex ist

z o n a lly en lo n g ed ed d y a n d a u 。
/ 乡x < 0 o r m erid io n a lly en lo n ge d e d dy an d a u 。

/ 刁
丫 > 0

.

It 15

n o te w o r thy th a t a tm o sPhe re o ve r e a st a n d w est o f the he a t so u rc e g a in s ed d y k in etie en erg y in

eq u a to r ial ee n tr a l Pa cifi e
.

D istri bu tio n m a P o f CK
刀 : ,

(n o t sh o w n
)

sh o w s tha t the re a re thr o e m a x im u m r e g io n s o f

in er ea se o f ed d y k in e tie e n e r gy in n o r th e r n Pa eifi e
.

T h ey a r e situ a te d in s o u th ea st o f ex tr a n c e

o f b o th n o rthe r n a n d w ester n Pa eifi e
j
e ts

, re sPeetiv ely
.

T he o th e r tw o la rge v a lu e r eg io n s o f

in c re a se o f ed dy kin e tie e n e r g y a ,
·

e lo ea ted in w e ste r ly je t e x tr a n e e o f e a ste r n N o r the r n A m o r iea

a n d so u th sid e o f w esteri y jet o v er e ast o f N o r th A fr iea
.

T he a b o ve 1 .e su lts su g g est th at the

m o st u n sta ble reg io n o f b a sie fl o w 15 m a x im u m ed d y k in e tie e n er g y e o n v er sio n re g io n fr o m

z o n a l
一

kin etie e n e r g y
.

D ist ribu tio n o f C K
, 了、 + C K

, ;
,

,

(Fig
.

7 a) elea r ly sho w s tha t b ar o tr o Pie c o
nv

er sio n o f

z o n a】kin e tie en e rg y to ed dy kin etie e n e甩y m a in ly ta k es Pla ee in j
e t e x tr a n ee o v er w e ste r n Pa ei

·

fi e a n d N o r th A m e riea a n d the a r ea w he r e 15 m ax iln u m g ra d jen t o f w in d v elo e ity o v e r n o r ther n

Pa eifi e a n d e a st o f n o r th A fr ie a
.

B ar o tr o Pie eo n v er sio n o f ed d y kin e tic e n er g y in the So u the r n H em isPhe re 15 sm aller tha n

tha t in the N o rther n H e m isPhe re
.

It 15 lo c a te d in th e jet e x tra n ce ar e a s a n d la r g e g r ad ien t

a re a s o f w in d v elo e ity
,

w h ie h 15 sim ila r to tha t in the N o rt h er n H em isPhe r e
.

E d d y Po te n tial e n e r g y e o liv er sio n t o ed dy kin e tic en e rg y m a in ly ta k es Pla c o in ea ste r n Pa ·

c ifi e , n o rth w es ter n Pa eifi e , ea st o f A sia n e o n tin e n t
, ea st o f N o r th A fr ie a , e q u a t o r ia l w ester n Pa -

e ifi c a n d In d ia n O e ea n
.

In th e So u th er n H e
而

sPhe re , ed dy Po te n tia le n er g y e o n ver sio n to e d d y

k in etic e n er g y 15 e o m Pa ra tiv ely sm all
,

w ith its d istribu tio n e o r r esPo n d in g to Po sitio n o f e d d ie s
.

In e o m Pa riso n o f th e third te rm o f E q
.

(l) w ith the fi r st a n d see o n d term s
,

th eir m a g n itu d e o r d e r

15 ba sie a lly th e sa m e
.

T he refo r e ,
e o n v e rsio n o f e d dy Po te n tia l en erg y to ed dy kin e tic en er g y

15 a lso o n e o f th e m a in e n e r
gy so u r ees fo r m a in ten an ee o f sh o r t

·

term elim a tie o seilla tio n s in tlle

N o r the r n H e m isPher e (see Fig
.

7b)
.

T h e a b o v e r e su lts c lea rl y su g g e st tha t in n o r the rn w in te r m ain en e rg y so u re es rn a in ta in in g

sho r t
一

te rm elim a tie o s eilla tio n s a r e z o n a l kin etie a n d ed dy Po te n tial e n e r g y ev e n in th e E IN in o

Pe rio d
.

T his im p lie s th at ed d ies g a in ed dy kin etie en e rg y b ee
au

se o f b a r o tro Pie in sta b ility o f

b asie flo w a n d eo n v erg en ee a n d d iv e rge n c e o f d istu rb ed fl o w
.

A s a r e su lt
, e d d y m em b er s o f

the w av e tr a in a re d e v elo Pe d a n d m a in ta in ed
.

T h is r e su lt 15 e o n siste n t w ith th e e o n c lu sio n o f

N i et a l
.

(19 9 0) w h o a n a lyz e d sho r t
一
: er m elim atie o sc illa tio n s in n o r the r n su m m er d u r宜n g th e

E I N in o Pe rio d
.

C o m Pa rin g d istribu tio n o f ed dy kin e tie e n ‘r g y e o n v er sio n in n o r th er n w in ter

o f the E l N in o yea r w ith that in n o r the r n su m m e r o f th e E I N in o ye ar ,

w e h av e fo u n d tha t sea -

so n al d iffe r en ee o f ed dy kin e tie en e rg y eo n v er sio n d istribu tio n ea u se s th e fo z
·

m atio n s o f PN A

Pa tte rn a n d EU P Pa tter n in n o r the rn w in ter a n d the telee o n n eetio n Pa tte r n sim ila r to tha t su g
·

g e sted b y N itta (19 8 7 ) in n o r the r n su m m er
.

T his fd et sh o w s th at sea so n a l d iffe
r en ee o f sh o r t

-

ter m e lim a tic o se jlla tio n s e a n a r ise a s a r esu lt o f se a so n a l d iffe
r en e e o f ba sie fl o w

.

V I
.

S UM M A R Y A N D C O N C L U SIO N S

A e eo r d in g t o th e a b o v e r e s u ]ts
, c o n elu sio n s e a n be d r a w n a s fo llo w s :

(1) In n o r ther n w in te r ,

there ex ist tw o w a v e tr ain s in the N o r th er n H em isPhe r e bee a u se

o f a n in flu en e e o f E l N in o , a n d they r esPe e tjv ely be a r re se m bla n ee to the PN A a n d E U P Pat
·

te rn s
.

In the So u the rn H o m isPher e ,
there a r e a ls o tw o w a v e tra in s

.

O n e o f the m Pro Pa g a te s

s o u the a stw a rd fi
、

o m eq u a to r ia l e en t ra l Pa eifi e a n d e n te r s the A tla n tie O e ea n a n d e q u a t o r ia l

A fr ie a , a n d th e o ther Pro Pag a te s so u the a st从 a r d fr o m eq u a to ria l A fl.i e a th en a c r o ss so u th
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