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SPA T IAL AN D T EMPO R A L V A R IA T IO N S O F T H E K IN E M A T IC

CH A R A CT E R IST ICS IN T H E PR O PAG A T IO N O F

A TMO SPH E R IC ST A T IO NA R Y W A V E S

不仙褚 G uo x io ng (吴国雄)
,

Ch en B ia o (陈 彪)
*

an d 环勺 Zh
e
ng

x ia n (吴正贤)

LA SG * * ,

In stitu te o f A tm o sPn er ic Phy sie s ,

A e a d e m ia S in ie a ,

B e ijin g

R e e eive d o e to b er g
,

1 9 8 9

A BS T R A C T

T im e ·

m e a n g lo ba lg e n e ra l e ir c u la tio n d a ta a re e m Plo ye d to a n a lyz e th e te m Po ra l a n d s Pa tia l v a ria tio n s o f

th e m er idio n a l g r a dien t o f z o n a l m e a n Po ten tia l v o r tie ity
, th e e r itie a l w a ve n u m be r ”:

fo r h o r iz o n ta l w a v e -

Pro P3g a tio n , a n d the er itie a l w a v en u m be r K
。

fo r v e rtie a l w a v e 一

Pr o Pa g a tio n
.

T he re by th e k in e m a tie eh a ra e -

te ristic s in the Pro Pa g a tio n o f a tm o sPhe r ie sta tio n a ry w a ve s a n d the ir a n n u a l v a r ia tio n s a re stu d ie d
.

R e su lts

sh o w th a t in th e tr o Po s Ph ere ” : a n d K
。 u su a lly d e ere a se w ith th e in ere a se o f either Ia titu d e o r a ltitu d e

.

S邓o Ptie a n d n e a r· re so n a n t R o ssby w a v e s e o u ld be tra PPed d u rin g the ir u Pw a rd a n d 1lle r idio n a l Pro Pag a tio n s
.

T he se ch ar ac te rlsties Po sse ss P ro m in e n t a n n u a l v a ria tio n s , e sP ee ia lly in th e N o r th ern H e m isPhe re
.

It 15 fo u n d

th a t the sp a ria l a n d te lllP
ora

l va ri a tio n s o f 七h ese k jn e m a之le e ha r a e rer js tjcs a re jn g o o d a g r ee m e n t w l￡h th o s e o f

th e a tm o sPh er ie w a v e Pa tter n s
.

1
.

IN T R O D U C T IO N

Sin ee th e the o rie s eo n ee r n in g the v e r tie a l Pr o Pa g a tio n o f sta tio n a ry w a v es w er e Pr o Po se d

b y C h a rn ey a n d D ra z宜n (19 6 1)
, a n d E lia sse n an d Pa lfn (19 6 0)

,

the re h a ve bee n m a n y eo n tri
-

b u tio n s t o th eir d ev elo Pm en t a n d a PPlic atio n in a tm o sPherie sc ie n ee s
.

T h e o re tie a lly
, o n e

c o n v en tio n a l m e th o d em Plo yed w id ely 15 to a ssu m e a sim Ple k in d o f b a sic fl o w se Pa r a ble

in v er tie a l a n d h o r iz o n tal str u etu re s 5 0 a s t o o bta in a n a lytie a l so lu tio n s o f the Pr o blem (
see ,

fo r e x am Ple
,

C h a rn ey a n d D r a z in
,

19 6 1 : D ie kin s o n ,

19 6 8
,

19 80 )
.

B a sed u Po n n u m e rie al

m o d els
,

M atsu n o
(19 70)

,

Seh o eb er l a n d G elle r
(19 7 7)

o b ta in ed sta tio n a ry w a v e so lu tio n s w ith

m o r e r ealistic b a e k g r o u n d fl o w
.

In the stu d ie s o f the ho r iz o n ta l Pr o Pa g atio n o f b a r o tr o Pic

w a ve s a n d th e v e r tiea l P r o Pag a tio n o f b a r o e lin ie 叭‘a v e s u n d er slo w v a r yin g m ea n fi o w s ,

H o sk in s a n d K a r o ly (19 8 1)
, a n d K a r o ly a n d H o sk in s (19 82) d er iv e d the eq u a tio n s fo r w a v e

ra y a n d e ritiea l w a v e n u m b e r 51而 la r t o th e r efr a e tio n in d e x d efi n ed by M a tsu n o (19 7 0 )
,

a n d o b tain e d e o n elu sio n s c o n sista n t w ith th o se fr o m o b s e r v a tio n s a n d n u m e ric a l m o d ellin g
.

B a sed u Po n a lin ea r sta tio n a ry
一sta te m o d el w ith 3 4 laye r s in th e v er tiea l a n d a d o Ptin g

elim ati e z o n a l m ea n fl o w
,

H u a n g a n d G a m b o (19 8 3) a lso fo u n d the e x isten ee o f tw o v e r tic a l

w av
e g u id e s fo r the Pr o Pa ga tio n o f sta tio n a ry Pla n eta r y w a v es ,

w h ieh 15 in a g r eem en t w ith

the fi n d ing
s o f D ick in so n

(19 6 8)
.

A ll the se stu d ie s m a d e it ev id e n t th a t the Pr o p a g a tio n

fe a tu r e s o f sta tio n a ry w av es d ePe n d o n the st r u etu re o f the a tm o sPh er ie z o n al fl o w a n d the

la titu d e lo e a tio n s
.

It 15 th ere fo r e Po ssible to u n d er sta n d the k in em a tie e ha r a c ter isties o f th
、

* *

Pe rm ane n t a ffi lia tio n : D e Pa r tm e n t o f M
e te o ro lo g y

,

N a nj in g In stitu te o f M ete o r o lo g y
,

N a nj in g
.

L a b o ra to ry o f N u m er ie a l M o d e llin g fo r A tm o sPh er ie Se ie n ee s a n d G e o Ph ysie a l F lu id D yn a m ie s
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sta tio n a ry w a v e Pr o Pag a tio n in the a tm o sPhe re by a n a lysin g the m ea n b a sie fi eld s o f the

a tm o sp he re in d iffe
r e lz t ja tit tld e s

.

T o a e hiev e this
,

i一1 th e Pre se n t stu dy the fi v e 一

ye ar tim e

;力 ea n g lo b a ! g e n e r a l e il
4

e u la tio n d a ta o f W u a n d L iu (19 8 7) ar e e ,刀Plo yed to in v e s tiga te the

sPa tia ld istr ib t !tio zl a 一id a n n u a lv a r ia tio xl o f tll e er itic a lw a v en u m b e rs o f Pro Pa g a tin g sta tio n a r y

认
,

a ves in the tr o Po sPhe r e a n d in the b o t to m s tr a to sPhe r e
.

T he se t em Po ra l a n d sPa tia l v a ria
-

tio n s in the m e rid io n a l a n d v e r tic a l w av e Pr o Pa g a tio n s a r e d is c u ssed r esPo etiv ely in See tio n s

11 a ll d 111 a xl d fo llo w e d by d isc u ssio n s a l一d e o n c lu sio n s
.
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.

K IN E MA T IC C H A R A CT E R IS T IC S A N D A N N U A L V A R IA T IO N IN T H E M E R ID IO N A L PR O PA 一

G A T IO N O F ST A T IO N A R Y W A V E

W ith t !飞e

o frn er ld io ll a l

In the fo r m

bCC0 m e S

r ef1’a c tio n the o r y o f R o ssby w a v e ,

H o skin s a n d K a r o ly ta ekled the Pro blem

w a 、‘e d isPe rsio n by w r itill g th e lin e a riz ed e q u iv a len t ba ro tr o Pic v o r tieity e q u a tio n

o f M e r e a to r Proj eetio n
.

In th e e a se o f e o n se r v a tio n a n d ste ad y sta te
,

this

_ ,

a
L汉」

~

石万
台兀

/ 刁
乙

a
‘ 、 ,,’

戈厨
十
砂夕,

‘

a
2

十 蔽1

几刁沪*

一 一 p 一。二二 ,

口 人
( 1 )

w herc

: 二以
,
d y ~ a d 甲/ co 。叨

a一即

{
左二

(
。*

U

CO S 甲
刀“ CO S 中

1

甲 十五
( 2 )

“ *
)一 (

- 矛必
*

日卯

1

a C OS甲

旦必 )
.

刁元 尸
’

o the r sym b o ls 往1
·

e c o n v e xltio n a l in m ele o r o lo g y
.

L ettin g the s o lu tio n o f Pe r tu r b a tio n st re a ln
-

fu n etio n b e

、

l
、,声
」

njl斗Z‘、于胜、护* ~ R e 〔奋 (夕)
e x p (i寿

%
)〕

,

a n d s u b s titu ti,飞9 it in to E q
.

(1) le a d to the fo llo w in g a m Plitu d e eq u atio n

日仑奋一 (浇一户/的奋 一 0
.

即
Le t

九
;

一 (侧动
‘ 2

.

T hen ,
w h en

(l) k > 寿
: ,

tll e so lu tio n 15 ev a n e se e n t in the m e rid io n a l d ire etio n

了 (夕) = e x p (一 (友
, 一 九愁)

’厂, 夕 } ;

(2) 九< 九
: ,

th o r e e x i、ts w av e tyPe s o lu tio n

奋 (:
,

)一
。x p {i(左浪一 人

2

)
’‘:

夕 }
.

Th is In ean s tha t la rg e 一 se ale w a v e s (左< k
:

) e a n Pr o Pa g ate in the n o r th
一s o u th

w he re a s sm a ll
一sc a le w a v e s (友> 壳

:

)
a r e tr a PPe d

.

T hu s , a e ritic a l w a ve n u m b e r n :

=

be d efi n ed to d istin g u ish the k in e m atie d iffe r e n ees o f d iffe
r en t se ale sta tio n a ry w a v e s

h o r iz o n ta l Pro Pa g atio n s
.

A ee o r d in g t o E q s
.

(2 ) a n d (5 )
,

( 5 )

d ire c tio n

a九
: e a n

In th eir

〔了2贝 扫
,

〔u」
.

日
_ , 、 , _ ,

〕“
,

n :

一 a C朋甲 i( 丁
~

C朋 切一 爪生万二绝 十 平 石二L“」t a n 卿少/ Lu J 七
‘ \ u ‘山 “甲

t‘ t/
岁 J

( 6 )

115 sq u a re 15 sim ila r to the b a r o tr o Pie Pa rt o f the r efr a etio n

de fi n ed b y M atsu n o (19 70 )
,

b u t w ith the eu rv a , u re e
ffe

e t in elu d ed
.

乞。n al me an Po te n tial v o r tieity

in d e x

T ll is 15

(Q
。一 [ q」

夕

/ 〔
。〕)

b e e a u se fo r the
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刁 了 l 刁矽 \
LqJ 一 V

一

砂十 J 一了石

万戈左百石万万
~

/
’ (7 )

二 R
,

w n er e 允 ~ 丁气p / p
。
)

尸

认 e

幼时an((服
a 一 ‘

[ g 〕丫
“

-

h a v e the m er id io n a l g ra d ie n t o f its b a r o t r o Pie Pa rt

2口 a Z

[ u〕
.

a

丁
C粥甲 一 了而

至 十 毛
万

而
- L““‘“ n 切

·

T h er efo re ,

n :

= a e o s切 {a一 ‘

〔g〕协
『 “

/ 〔
u 〕}

’/ ,
.

T his er itie al w av e n u m b er n :

15 then d eterm in ed b y ge o g r a Phic la titu d e ,

w esteri y a n d its h o r iz o n tal sh ea r
.

F ig s
.

la a n d lb sh o w re sPeetiv ely the tim e 一

m ea n d istr ibu tio n s o f z o n al

Z o ll a l

m ea n w e ste rly

a n d th e e o rre sPo n d in g g ra d ie n t o f b a r o tr o Pie Po te n tia l v o rti e ity fo r the Pe r io d o f D ee em be r ,

Ja n u a ry a n d Fe b r u a ry
.

T h e
j
et ee n ter s in the So u the rn a n d N o r ther n H em isPhe re s a r e

re sPeetiv ely lo c a ted a t (4 5
“

S
,

2 5 0 hPa) a n d (3 2
“

N
,

2 0 0 h Pa )
,

w ith th e c o r re sPo n d in g in te n sity

o f 30 m s一 ’ a n d 4 2 m s 一 ,
.

E a ster ly Pr ev a ils in lo w la titu d e s, sPa n n in g 60 d e g re es

la titu d e (30
0

5一3 0
0

N ) n ea r the s u rfa ee a n d b ee o m in g , ia rr o w e r w ith in er ea sin g h ej g ht
.

In

the strat o sPher e ,

the So u the rn a n d N o rth er n H e m isPh er e s a r e d o m in a ted re sPee tive ly b y

e aste ri y a n d we
ste rly

,

w ith a n e q u a to ria l ea sterly m a x im u m lo c a ted a t 1 5
0

5
.

T he d istrib u tio n

o f th e m e rid io n a l g r ad ie n t o f b a r o tr o Pic Po te n tia l v o rt ic ity (Fig
.

lb) 15 a
ffe

c te d b y 刀
一e
ffe

c t

a n d h o riz o n ta lw e ste rly she ar , a n d o v erw he lm in g ly Po sitiv e w ith n eg a tiv e sig n a PPe arin g o n ly

in Po la r a re as
.

T he m a in Po sitiv e een ter s a re lo e a ted o n the lo w latitu d e sid es o f the u PPe r
je t

c e n te r s n e a r the tr o Po Pa u se , a n d a r e Pa r tieu la ri y st r o n g in th e N o r the rn H e m isPhe r e
.

T he iso Pleth s o f ”
:

a r e v e ry c o n e en tr ate d a t the b o r d e r betw e en e aste rly a n d w este r ly

(Fig
.

le)
, aPPea rin g str o n g ly d ise o ni in u o u s

.

W
a v e e n er g y m a y b e r efl eete d o r a b so r be d

th er e
.

T he ea steri y a re a in lo w Ia titn d es fo rm s a tr aPPin g we ll w hi eh 15 n a r r o w n ea r th e

tro Po Pa u se b u t v ery w id e in the lo we
r tr o Po sPhe re

.

W av e s ea n h a rd ly Pr o Pa g a te thr o u g h

tlle tr a PPj n g a r ea in lo w la yer s
.

Po la r ar e a s in th e
伽

0 h em isPhe re s an d th e lo w er str a to
-

sPhe r e in the So u ther n H em isPhe re ar e al so str o n g tr a PPin g a re a s
.

In a d d itio n , a t 7 5
“

S
,

the r e 15 a w e ak tr a PPin g a re a in the m id d le a n d u PPe r tr o Po sPhe re ,

w h ie h 15 m a in ly d u e t o

the e x iste n ee o f n eg a tiv e v alu e in 〔g〕公
“

the r e
·

In the w a ve Pr o Pa g a tin g a re a
, e r itie al w a v en u m b er d e ere a ses Po lew ar d ge n e ra lly

.

A t

2 50 h Pa ,

the r e a re tw o m in im u m e en ter s lo e ated r esPeetiv ely a t 2 5
“

N a n d 50
o

N
,

b ee o m
-

in g t ra p p in g re g io n s fo r the ho riz o n ta l p r o p a g a tio n o f syn o p tie se a le w av e s
.

In Fig
.

2
,

the

la titu d in a ld istribu tio n s o f n : a t sev e r al heig ht s a r e g ive n , a n d the a b o ve m en tio n e d fe a tu r e s

c a n b e o b se rv e d m o r e o b vio u sly
.

A t the h ig h la titu d es in the S o u th er n H em isPhe r e , ev en

Pla n eta r y w a ve s ea n n o t Pe n etr a te the tra PP in g r eg io n th er e
.

A t a r o u n d (50
O

N
,

3 0 0 h Pa)

in the N o r the r n H e m isPh er e ,

the 一e e x ists a re la tiv ely w ea k tr aPPin g re g io n ,
a n d w a v e s w ith

w a v en u m b er n m o re tha n 3 a r e tr a PPed ea sily ther e ,

w h ie h 15 in g o o d a g r ee m en t w ith th e

r esu lts o f H o skin s a n d K a r o ly (19 8 1)
.

In the v er tiea l d ir ee tio n , u su a lly n :

d e er ea ses w ith in e r ea sin g he ig ht in the m id d le

a n d lo w e r tr o Po sPh e r e
.

Fr o m 3 0 0 h Pa t o 10 0 hPa ,
th e v e r tiea l v a r ia tio n o f n ;

15 m u eh

sm al ler
.

T his 15 m a in ly d u e to the fa c t th a t th e v er tiea l w e sterly she a r 15 s m a ll the re

必u
/刁P‘ 0)

, a n d the atm o sph er e 15 o f eq u iv a len t b a r o t ro py
.

L e t u s tu r n to in v e stig a tin g the a n n u a l v a ria ti o n o f th e kin e m a tie eh a ra e ter istie s in th e

w a ve Pr o Pa g a tio n
.

F o r th e sa k e o f e o m Pa ri so n
,

we Pre sen t fi r stly i。 刊9 5
.

3a a n d 3 b the
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L a t i t U d e

F ig
.

2
.

L a t itu d in a l d is tr ibu t io n s o f the h o r izo n ta l cr it ie a lw a v e n u m be r n , a t d iffe r e n t he ig ht s i n D ece m b e r ,

Ja n u ar y a n d Fe br u a r y
.

D a sh e d
, so lid

,

d o tt e d
, a n d d o tt e d

一

d a s he d lin e s d e n o t e r e s Pe c t iv e ly th e

d ist r i bu t io n s a t 7 0 0 ,

5 (X)
, 3 (X) a n t l0() h几

.

a n n u al v a ria tio n s o f z o n a l w in d [ u〕a t 2 0 0 hPa a n d 50 0 hPa r e sPe e tive ly
.

A t 2 0 0 hP a ,

th e

str o n g e s t w e s te rl y 15 lo e a te d ar o u n d 3 0
0 , a n d re a e he s 4 6 m s一 ’

in F e b r u ary in th e N o r th e r n

H e m isPhe r e b u t 3 7 m s一 1
in Ju ly in the So u the rn H e m i sPh e r e : w h e r e a s the s tr o n g e s t

e q u at o r ial e a st e r ly 15 Io e at e d a t S
O

N in the n o rthe r n he m isPh e r ie s u m m e r , re a e h in g 一 1 2

m s 一 ’
.

T he a n n u a l va r ia t io n a t 50 0 hPa (Fjg
.

3b ) is q u ite d iffe r e n t fr o m th a t in th e

u PPe r tr o Po sPh e re : the st ro n g e s t we
s te rly c e n te r s in th e tw o h e m isPh e re s a ll a PPe a r in

Fe b ru a ry
, altho u gh the s o u the rn e e n t e r 15 Io e a te d a t h ig he r Ia titu d e s

.

G e n e r a lly sP e a k in g
,

w e st e r ly a n n u al v a ria tio n in the N o r th e rn H e
mi

sPhe re 15 st ro n g e r tha n in th e So u th e r n

H e m isPhe re
.

A s t o the a n n u a l V a ri tio n o f 〔口〕梦
“ ,

jt 15 sjm ila r t o t ha t p r e s e n t e d jn

F ig
.

3 a
,

the m a x im u m e e n te r s a t 2 0 0 hPa a r e Io e a te d in th e s u b tr o Pie a l a n d m id la t itu d e

a re a s
(fi g

u r e s n o t sho w n )
.

Fig s
.

3e a n d 3d sho w the an n u a l v a ria tio n s o f n : r e sPe e tiv e ly a t 2 0() h Pa a n d 5 0 0

hPa
.

T h e is o Ple ths a r e g e n e r ally h o r iz o n t ally d is tr ib u t e d
.

T he d ise o n t in u ity z o n e in t he

n 。

d is tri b u tio n e o r re sPo n d s to th e z e r o lin e o f [u」 v e ry w e ll
.

I ts a n n u a l v a r ia tio n in th e

N o rthe r n H e m isPhe r e 15 str o n g e r tha n in th e S o u the r n H e m isPhe re , w hie h 15 clo s e ly
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共委史已层共舞二二态巨豆恋写妈妈

( M o n t h ) (M o n t h )

F ig
.

3
.

A n n u a l v a r ia t io n s in the la t itu d in a l d i str ib u t io n s o f zo n a l m e a n
we st e rly [

u
] a n d e r i ti e a lw a ve

-

n u m b e r 刀 : .

Z o n a l m e a n we ster ly a t Z(X) hPa
,

in ter v a ls in 5 m s 一 ’;

z o n a l m e a n w e ster ly a t s(X) hPa
, i n t e rv a ls in 2 m s 一 ’

;

z了: a t 20() hPa , i n ter v a ls i n u n ity ;

刀 : a t 5 0 0 h Pa , i n t erv a ls in u n ity
.

a)b)c)d)

;吕
4 5 N (D R Y 夕

⋯
;

⋯⋯万
洲尹 4厂

泛
落

李吕
4 5

一

S 〔D R Y )

每;;;阿 厂

7 0 0卜闷6

10

1 0。{比 _

1

Fig
.

4

2 3 5 6 7 8

M 〔, 了1 th

9 1 0 1 1 1 2
1 0 0 0

2 3 峨 5 6 7 5 。
’

i’0 1飞 1仓

M o n t h

A n n u a l v a r ia t io n s o f the v e rt ie a l d ist r i bu r一o n o f the h o r iz o n ta l e r it ie a l w a v e n u m b e r 尹z : a t 4 5 “

N

(a ) a n d 4 5
0 5 (b )

.

I n t erv a ls i n u n i ty
.

r e la te d t o t h e Pr o m in e n t d iffe
re n e e in t h e a n n u a l v a r ia tio n o f lu l b e tw e e n th e tw o h e m isPhe r e s

.

It e a n a lso b e se e n c le a r ly fr o m t he se fi g u re s t ha t in w in te r ,

w a v e e a n P ro Pa g a t e in lo w e r

la titu d e s ,

w h e re a s in s u m m e r w a ve Pr o Pa g a t io n 15 e o n fi n e d to t h e e x tr a tr o Pie a l a r e a s
.

In Fig
.

le ,

if w e m a k e a v e r tic a l lin e a t 4 5
“ ,

th e n the v e r tic a l d istr ib u t io n o f n : a t

thi s lln e d e n o t e s th e v e rtie al d is tr ib u t io n o f th e m a x im u m w av e n u m b e r o f w a v e s be in g a ble

to Pr oPag a te a c r o s s t he la t itu d e 4 5
0 .

S ho w n in Fig
.

4 15 the a n n u a l var ia tio n o f su ch

di stri bu tio n
.

A t e a e h h e ig h t in t he tr o p o sp he r e , e r itie a l w a v e n u m b e r 15 sm al l in wi
n

ter
a n d larse in su m m e r

.

T h is 15 in g o o d e o rr e sPo n d e n e e w ith the o bs e r v e d di stri b u t i皿 o f
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4

sy n o Ptie syste m s
.

In su m m er in the str a to sPh er e ,

the re e x ist w a ve tra PPin g r eg io n s
.

T he re fo re

w a ve s e a n h ard ly Pr o Pag ate in the n o rt h
一so u th d ir ee tio n

.

T he m in im u m n : e en ter s

in th e tw o h em isPher e s a re a ll lo e ated a t 2 0 0 hPa ,

w ith the m in im u m w a v e n u m b e r 3 aPPe a r-

in g in Feb ru a ry in the N o r the r n H em isPh er e , a n d 4 in Ju ly in the S o u ther n H e m isPhe re
.

T his im Plies th a t in w in te r in the eq u iv alen t b a r o tr o Pie layer be tw een 10 0 hPa a n d 30 0 h Pa ,

o n ly e a n Pla n e ta ry se ale w av e s Pr o Pag ate fr ee ly in the n o rth
一 so u th d

: re e tio n
.

It ea n a ls o

b e o b se rv e d fr o m F ig
.

4 th at syn o Ptie se a le w a v es c a n Pro Pa g a te a r eo ss 4 5
“

]atitu d e o n ly

in the lo w er tro Po sPher e
.

T his 15 also in g o o d a g re em en t w ith the fa et tha t syn o Ptie se a le

b a r o e lin ie w a v es u su a lly d eve lo P a n d Pr o Pa g a te in the lo w er t ro Po sPhe re
.

111
.

K IN EM ATI C C H A R AC T E R IS T IC S A N D A N N U A L V A R IA T IO N IN T H E V E R T IC A L PR O P A G A 一

T IO N O F S TA T IO NA R Y W A V E

In a stea dy a n d e o n ser v a tio n system
,

the ]in ea r iz e d ed dy Po ten tia l v o r tie ity e q u a tio n

e an b e w r itten a s

〔·〕

豁
+ 二

瓷
一 。

,

(1 0 )

w her e the b a r o e ]in ie Po te n tia l v o r tie ity

by

a ll d g
c li

b a r o tr o p ie p o ten tia l v o r tic ity a r e r ela te d

_ t r 。 .

f
。
刁厂p 刁矽]

、

一
、 卞万曰丽丽」

‘ (1 1 )

In tro d u e e the fo llo w in g k in em a tie b o u n d a ry eo n d itio n

9‘no庄
, .11土
,

飞

CCS‘
,

? 一〔·〕

豁
+ a :

2

, · ,

一
。

a n d let

叻* = sin (l
a 甲)R

e
(雪(

:
)

e x p (skx + z
/ ZH ))

.

T h en , a ft e r so m e d er iva tio n s ,

th e fo llo w in g e a n o n ie a l w a v e eq u a tio n e an b e r ea e he d

ex a m Ple
,

H o skin s a n d Pea rc e ,

19 8 3)

{癸
一 :婴(、

2 十 ,
· + : 2 一 。一 : q〕

,

z〔
。〕) 一。

,

}
L,

“
“

la三
.

1
。

N
z ,

(孤十牙万‘= 一
万

“ ’

14 )

w her e h 15 m o u n ta in h eig h t
, ; = f

。

/ (ZH N )
, 二 = H ln (P

*
/ P )

.

If w e d efi n e a

eri tiea l w a ve n u m ber

K
。

二 a e叨甲 (
a 一 ’

〔q〕姜”/〔
。」一 f; / 4N

’

H
’

)
’‘’ ,

th en w h en

v er tiea l

、2 .、

1
了

一b八b
曰.1J.1

产J.、fZ恤、

、一 。 C朋 , (、
: + ,

2

)
1 / !

{
< K

。

> K
。 ’

S o lll tio n

君Po ssesses}
W av e

t e V 只n 〔eV afl CSCell t so lu tio n
.

T h u s ,

K
。

d efi n e d b y E q
.

(15 ) ea n b e u sed to e lassify th e kin e m a tie fe a tu r es in the v e r tie a l

Pr o Pag a tio n o f d iffe
r en t sea le w av e s : w a v es w ith to tal w a v en u m be r

K g r ea ter th a n
K

。 ar e

ev
an

eseen t in th e v er tiea l; w he re a s Plan eta ry se ale w a v e s w ith K le ss tha n
K

。 ea n Pr o -

Pag ate in the v er tiea l
.

G e n er a lly the se e o n d te r m r Z w ith in the b r a ek ets o f E q
.

(1 5) 15

sm al le r th an tho fi r st torm
,

T h。五r st term
,

a ee o rd in g to
(11)

, c a n
be

sePa r ato d in to b a r o tr o Pic
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a n d ba r o elini e p a r ts
.

T li e ba ro e lin ic p a rt
,

wh ic h c a n b e ex pre ssed a s
f
。
刁/ 刁P (刁夕/

a日, 乡甲)
,

gl ve s a PPr o x im a te ly th e v ert iea l v a ri a tio n o f the tiltin g o f ise n tr o Pie su rfa ee s
.

It o b ta in s

r n a x imu m in the stro n g ba r o e lin ie z o n e in m id la titu d e s a n d d o m in a te s th e m ag n itu d e

an d di stri bu tio n o f a 一 ’〔g〕姜l’
.

Fig s
.

sa a n d sb sho w r e sp eetiv e ly th e sp a tia l d istr ib u -

tio n s o f a 一 ,

[口〕委’‘ a n d the e ritie a l w a v en u m b er K
。

(
z
) fo r the v e rtie al w a v e p r o p a ·

gati o n s
,

Th e g r a d ie n t o f b a ro e lin ie Po ten tia l v o r tieity 15 Po sitiv e o v er th e w h o ]e g lo b e

ex Ce Pt a t the Po le s a n d in the lo w er tr o Po sPh er e a t h ig li la titu d es
.

T he m a x im u m Po sitiv e

cen
te rs a re lo e ated n e a r the jet een ter s ,

1
.

e
.

a t (3 0
O

N
,

2 50 hPa) a n d (50
“

S
,

3 5 0 hPa
) w ith

the in ten sitie s o f 12
.

5 x 10
一 ‘’

m
一 ‘ s一 ’ a n d 12

.

1 x 10
一” m

一 , s 一 ’ r esPe etiv el y
.

A t (75
0

5
,

4(X) hPa)
,

th er e 15 a n o ther ee n te r o f 6
.

8 x 10 一”m
一 ’s 一 ’

.

N ea r the su rfa ee ther e e x ist str o n g

Po sitive r eg io n s to o
.

T he xlo r the r n h em isPhe rie ee n te r o f 8
.

9 x 10 一” m
一 ’一 ’5 15 a t 4 5

“

N
,

an d the so u ther n he m isPhe rie een ter 15 a t 6 5
0

5 a n d we a ker
.

50

1 0 0

}兮
’

2 ”0

}t
一 “OU

})/
. . . , I 」

全 }划
巴 6 0 01 1

,

鑫 ! l
牡 ! l
“ 8 5

仪

瓦客象

, p s 8 0
“

70
“

6 0 50 月0
0

30
“

2 0
“

20
0

0
0

Jo 2 0 0 30
0 ·

峨。‘
「

泞价 而;

厅 万了牙
N

L 扭tit U d e

10 0

2 0 0

3 0 0

5 0 0

�月召山�0�n:巴山

8 5 0

90 6

N

L 已t it U d e

F ig
.

5
.

S Pa t ia l

cr itie a l

d is tr ibu t io n s o f the 盯a d ie n t o f ba roc li n ie p o te n tia l vo rt ie ity a 一 ’
[q ]备

J‘ (a )
, a n d the

w a v e n u m be r K 。

an d in u n ity fo r

fo r ve r t ie a lly Pr o Pa g a ti n g wa
v e s (b )

.

I n ter v a ls in 2 x 1 0 一” m
一 ’s一 ’

化r (a )

(b)
.

T he 10邻ti o n s o f th o d ise o n t in u ity b e lt in the K
。

d istri b u t io n
(Fig

.

sb )
r e se m ble tho s。
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4

in the , ‘;

d istribu tio n
.

In the lo w e r tr o Po sPhe re at h ig h Iat itu d es ,

llo w ev e r ,
the tr aPPin g

re g io n s b eeo m e so m ew ha t wi d e r
.

T h is 15 b ec au se in these r eg io n s the m e r id io n a l

g r a d ien t o f b a r o elin ie Po ten tia l v o r tieity a PPro a e hes z er o , o r e v en b ee o m es n e g a tiv e
.

T h e ho riz o n ta l v a ri a tio n o f K
。 a ls o r esem b le s th at o f n :

in the se n se tha t it g e n er a lly

in ere a ses e q u at o rw a r d s
.

In th e v e r tie a l
,

K
。

Po ssesses m a x im a n e a r the su rfa ce a n d in the

la ye r b etw ee n 4 0 0 h Pa a n d 30 0 hPa , a n d m in im a a t th e tr o Po Pa u s e a n d in the la ye r b etw e e n

7 O0 hPa a n d 60 0 h Pa
.

T he a ltitu d es o f th ese e e n te r s all d e e re a se w ith in e re a sin g la titu d es in

th e tw o h em isPhe re s
.

In o r d er to see the fe at u e s in the v e r tiea l w av e Pr o Pag a tio n m o r e cl e a r ly
,

Fig
.

6 d e -

m o n str ates the v er tiea l Pr o files o f K
。 a t d iffe

r e n t la titu d es
.

In th e m id latitu d e ar e a in the

n o r th er n he m isPher ic w in ter
, v er tiea lly Pr o Pa g atin g w a v es w ill m eet tw o tr aPPin g r e gio n s

(Fig
.

6a )
.

T he fi r st t ra PPin g r eg io n 15 n e ar 6 0 0 hPa ,

w he re K 15 a b o u t 5
.

O b v io u sly
, syn o P

-

tie scal e e d d ie s w il 10 55 s
ub

stan tial Pa rt o f en e rg y w hen Pro Pa g a tin g v er tieal ly in t o th is

re g io n
.

T he se c o n d tr a PPin g r eg io n 15 n ea r the tr o Po Pa u se ,

w h er e
K

。

15 o n ly 3
.

T h e

n ea r re so n a n t e x ter n a l R o ssby w a v es a r e t r a PPe d h er e a n d w ill b e e o m e v er y w e a k
.

T h u s ,

o n ly c a n th e Pla n eta ry se ale w a v es P r o Pa g a te in to the str a to sPher e
.

In hig h la titu d e a r e a s ,

the w a v e n u m b e r fo r u Pw a r d Pr o Pa g a tin g w a v es b e e o m e s ev e n sm a ll e r
.

In the s o u the r n hem
-

isp h er ie s u m m e r ,

the
K

。

Pr o fi le a t m id la titu d e (Fig
.

6 b) 15 sim ila r to tha t o f the n o rther n

h em isPh er ie w in te r
.

H o w ev e r , sin ee ea sterlies d o m in a te th e lo w er str a to sPhe re ,

w a v e s a r e

m ain ly e o n 6 n ed to w ith in the t r o Po sPhe re
.

,

o }(b )

于
0o ,

·

:;
一

戈
一

,

、
、

也丫一
\

、

匕
二

止

:0

l09

糯
750

. 、、、、、、、、

8扩

之 6
.

0

八曰引钊启UnU
.

⋯
亡J4丹J勺‘0>.沙

。

02目口护渗

、 ~ ~ . 一 ~ 中

趁1 0心0 8 00 7 0 0 5 0 0 4 00 3 00 2 0 0 1 00

P r e s su r。(hP a )

Fig
.

6
.

V e rtie a l Pr o fi le s o f th e e ritie a l w a v e n u m be r K
。 a t d iffe re n t la titu d e s in D ee e m be r ,

Ja n u a ry a n d

F e bru a ry
.

D a she d
, s o lid

,

d o tte d a n d d o tte d
一

d a she d line s d e n o te re sPe e tiv e ly th e p r o fi le s a t

7 5
“ ,

6()
o ,

4 5
“ a n d 30

0
la titu d e s

.

(a ) So u the rn H e m isPh e re ; (b ) N o rthe〔n H em isPh e re
.

L et u s n o w e o n sid e r the an n u al v a r ia tio n o f th e K
。

d ist rib u tio n s
.

G en e r ally sPea k in g
,

a t the h eig ht o f 30 0 h Pa ,

th er e ex ist g o o d e o rr e sPo n d en e es b etw een the a n n u a l v a r ia tio n s o f

a 一 ’

〔g〕暴l
‘ a n d 〔u ]

, a n d the a
nn u a l v a r iatio n o f K

。

15 m ain ly d e te rm in ed b y th a t

o f a 一 ,

〔g 〕姜l’
.

In Fig
.

7 the a n n u a l v a r iatio n s o f th e v er tic a l d istr ib u tio n o f a 一 ’

〔g 〕二l’

a t d iffe
r e n t la titu d e s a r e g iv en

.

A t m id d le a n d lo w la titu d e s ,

th e g r a d ien t o f Po te n tia l v o r tjeity

in w in ter Po ssesse s m a x im a n ea r the su

rfa
ee a n d a t the tr o Po Pa u se a n d m in im u m in the

m id d le tr o Po sPhere
.

In su m m er in th e lo w er tr o Po sPhe r e ,

it in e r ea se s w ith in ere a sin g he igh t
.

It 15 w o rthw hile to n o tic e tha t in the
uP p e r tr o Po sPh er e the a n n u a l v a r ia tio n s o f th e g ra d ie n t

o f b ar o e lin ie Po ten tia l v o r tie ity at 30
“ a n d 4 5

“
a r e o u t o f Ph a se

.

T his 15 m a in ly d u e to the

sea so n a l v a ri a tio n s in tlle lo ea tio n s o f b a r o elin ie z o n e a n d w e sterly jets
,

w h ieh m o v e eq u a -

t o r w a r d s a n d lo ea te in the su b t r o Pie s in w in ter , a n d sh ift ba e k to m id la titu d es in s u m m e r
.

A t 6 0
“

la tit u d es ,
th e a n n u a l v ari a tio n re se m b les tha t in m id la titu d e s,

b llt 15 n o t a s o bv io u s
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宝9

a s in tlle u PPe r Iayer
.

A n o tlze r x
·

e 一n a 一火a ble fe a tu r e 15 tlla t 112 w in te r s u eli g ra d ie lit in the

b o tto m tr o Po sPhe re 15 e o m Pa ra b le w ith tha t in the u PPe r la ye r , a n d ev en str o n ge r (in the

So u ther n H em isPh er e)
,

ill d iea rin g that the Io w la ye r b a ro e li, l ity in hig ll latit、, d e s in w in te r

15 ra the r str o n g
.
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F19
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7
.

A n n u a l v a r ia rio 一1 5 o f the h o r iz o n ta l

a t d iffe
r e n t la ti tu d e s

.

U n i ts in 10 一 , ,

N ; (e ) 3 0
0 5 ; (f) 3 0 o N

.

盯a d ie 一飞t o f th e b a r o e ]i n ie P o te n t ia l v o r t ie i ty a 一 ,

[印】
。 〔 l,

m
一 ’s 一 ,

.

( a ) 6()
o S ; (b ) 6 0 o N ; ( e ) 4 5

“ S ; (d ) 4 5
“

F ig
.

8 sh o w s t h e a n n u a l v a r ia ti o n s o f th e v e r ti e a l d istr ib u tio n o f K
。 a t d iffe

r e llt

la titu d e s
.

T h e g e lle r a l e lla r a c te ris tie 15 s im ila r t o t ha t o b se r v e d in Fig
.

7
.

I n o PPo sitio n

to th e w in te r s itu a tio n ,

in s Lrm m e r in th e rn o s t Pa r t o f th e tro Po sPh e re
尤

。

15 Ia r g e
.

T h u s ,

syn o Ptie se a le Pe rt u r b a tio 一1 5 , o n e e e x e ite d
, c a n Pr o Pa g a te u Pw a rd s

.

}一o w e ve r , s in e e in

s u m m e r , e a s te rlie s Pre v a il in t l飞e s tr a to sPh e r e , a n d th e t ro Pie a l e a ste riie s in th e lo w e r t r o Po sPh e re

als o e x t e n d 一飞o r th w a r d s , t h e re fo r e , s u r fa c e Pe r tu rb a tio n c a n ha r d ly P e n e tr a te v e r ti e a lly

thr o u g h th e e a st e rly la ye r , n e ith e r e a n Pe r tt lr b a t io n s Pe n e tr a te t h e t r o Po Pa u s e in to th e

s trat o sPh e re
.

I n th e m id d le a n d hig h la tit u d e s in th e S o u th e r n H e m isPh e re , t h e r e e x is ts n o

tr aPPin g r e g io n s ,

Pe rt u rb a t io n s e a n th e n Pr o Pa g a te u Pw a r d s th o r e
,

A n o th e r im Po r ta n ‘
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d iffe
re llee b e tw ee n h ig h la titu d e re g io n a n d n lid d le a n d lo w la titu d e r e gio n 15 th at in the

m id d le tr o Po sPhe re the
K

。

in hig h latitu d e s 15 g r ea te r in w in te r tha n in su m m e r
.

In h ig h

latitu d e s ,

the r efo re , u Pw a r d Pr o Pag a tin g w a v e s ea n b e e asily tr a PPed in su m m er ,

b u t r e ae h

1119 1一 laye r s in w in te r T h is e a n , a t le a st Pa r tly
, e x Pla in the o b se rv a tio n a l fa e t tha t in w in te r

in 11ig h 】a tit u d e s , sm a ller sea le w av e s a PPea r q u ite o ft e n a t 3 00 h Pa
.
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墓墓贡二二二二厂
~

下三左左
卜卜舀 1二 呈 !!!

茱茱三资三获三身身「「、、、 , 一一- 一一二二二尸二舀 一一二‘一 准 」」
卜卜、~ ‘ 一一一一一- ~ 巴二二一- 一 - - - , 卜、任~ lll

灌灌摹拜夺平夸蔽蔽

.么上�0�n叭的。�cI

M o n t h M o n t h

匕匕全宁二一之二二二二二二二二三三三云趁趁

豪豪享重董奏鉴奎犷犷
匕匕二奋一一一一二之二= 二二= 二 i泣二一一三二公一

~

一上‘‘

幸幸泣墓蔓歹万⋯⋯

4 5 N ( D R Y z

Perssure(hP
a�

M o n t h
M o n t h

Pressu气e�hPa�
暴暴窦鬓冀兰寡立羹龚龚夏夏里喜豪夏井三三荞摹摹卜卜J 于三三

一
<

一
一勇勇

寿寿花花 1 0 0 0

户户万花雾
‘遥遨级豆‘一一曰妇廖竖缘二二

寻寻花花
M o n t h M o n t h

Fi g
.

8
.

A n n u a l v a r ia t io n s o f th e e r it ie a l w a v e n u m b e r K
。

fo r

ver t ie a l

t u d e s
.

I n t e rv a l in u n ity
.

(a ) 6 0
0

5 ; (b) 6()
o

N : ( e ) 4 5 0 5 :

w av e Pr o Pa g a t io n a t d ifl乞r e n t la t i
·

(d ) 4 5 O

N ; (e ) 3 0 0

5 ; (f)3 0
o

N
.

I V
.

D ISC U S SI O N S

T h e k in e m atie e h ar a ct e ri stie s o f the a tm o sPhe r ie w av e m o tio n a r e d e t e r m in e d by th e

e a rth
, 5 e u rv a tu re a n d the s tr u e tu r e s o f the a tm o sPh e r ie ba s ie fi e ld s in e lu d ing z o n a l m e a n

w e s te r lie s a n d the m e r id io n al gr 么d ie n t s o f b a ro tr o Pie a s w e ll a s b a r o c lin ie Po te n tial v o r tie ity
.

T h e m e r id io n al g ra d ie n ts o f P o te n tia l v o r tie ity
, e it he r b a r o tr o Pie o r b尽r o e lin ie

, a re a ls o a f-

fe e te d s u b sta n tially b y tho ho r iz o n ta l a n d v e r tic al she a r s o f th e W e s te r lie s
.

W e c a n
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th e re fo r e e o n elu d e tha t th e ki n em a tic e ha r ae ter istie s o f w a v e Pr o Pa ga tio n in the ea r th
’5 atm o -

sPher e a r e d e term in e d by the struc tu r e o f th e b a sie w e sterlies
.

T li ese ch a ra eteristies m a y thu s

be d e sc rib e d eo n eisely b y in tr o d u ein g the ho riz o n ta l eritie al w av en u m be r n : a n d the

v e r tiea l e riti cal w a ve n u m b er K
。

fo r w a v e Pr o Pa gat io n s
.

S ince
w av e s ea n n o t Pr o Pag

a te

in ea sterlie s , a t e ritiea l latitu d e s w h er e z o n a l w e ste ri ies ar e z er o ,

1
.

e
.

the b o rd er b e tw ee n

e a steri y an d w este rly
, n : an d K

。 a re d ise o n tin u o u sly d istribu ted
.

o n the ea steri y sid e ,

w a ve s a r e tr a PPe d ; w he re a s o n th e w e ste rly sid e ,

w a v es ev en w ith syn o Ptie sea les e a n

Pr o Pag a te fre
ely

.

G en e ra lly
, n : a n d K

。

d e er ea se w ith in cr ea sin g la titu de
a s w e ll a s

a ltitu d e
.

In h ig h Iatitu d e s (sa y 5 0
O

N )
, n o r thw a r d Pr o Pa g a tin g syn oP tic sc al e w a v e s a r e

tr a p p e d
.

In the ve r tie al in 面d la titu d es ,
ther e ex ist tw o w a v e tr a PPin g re gi on

s
.

T he fi r st

15 a t a b o u t 6 0() h Pa ,

w a v es w ith to ta l w av en u m b er
K g re ate

r tha n 5 a re w e a ken e d su bstan
-

tia lly as th ey Pr o Pa g a te u Pw a r d s th r o u g h th is r eg io n
.

T he see o n d traPPin g reg io n 15 n ea r

the t ro p o p a u s e w he re
K

。
eq u als 3

.

T he n e ar r eso n a n t ex te r n a l R o ssb y w av
es Pro Pag

a tin g

u Pw a r d s fr o m the su rfa c e a n d r ea ehin g the tr o Po Pan
se m a y o b tai n rn ax imu m a m Plitu d e

the re ,

b u t str o n g ly w e a k en e d fu rther u Pw a rd s
.

T h er efo re
,

o ul y c an Pla n eta ry se al e w av
e s

Pr o Pa g a te fr e ely in t o the str a t o sPhe r e
.

D u e to the Pr o而nc n t d iffe
r e

nee in the an
n
ua l v a ri a -

tio n in z o n al m e a n w este rlies b etw een the tw o he 而
sPhe re s, the

a n n u al v a ri at io n o f n :

in

the N o r the rn H e m isPh er e 15 str o n ge r tha n in the So u the rn H em isPhere
.

G e ne r
all y

,

in w in
-

te r w a v es c a n Pr o Pag a te to w ar d s lo w la titu d e s
,

wh
ere a s in s

UIn m e r tlley a re c o n fi n e d to

m id d le a n d hig h la titu d es
.

T he a n n u a l va ri atio n s in the v er tiea l w a v e Pr o Pa ga tio n a re ev e n

str o n g er tha n in the h o r iz o n ta l w a v e Pr o Pa g a tio n
.

Sin ee in su m m e r, ea ste ri ies Pr ev a il

in th e str a to sPh er e a n d in v a d e m id la titu d es n ea r the su rfa c e
, su rfa e e Per tu th atio n c a n ha rd ly

Pen e tr a te su rfa e e e a ster lie s u Pw a rd s , a n d tr o Po sPhe ric Pe r tu rba tio n s ea n ha rd ly Pr o Pag a te

i, l to the st,
·

a to sp her e tllr o u g h the tr o Po Pa u se
。

A t h igh Ia t主tu d es ,

th e
cri tica l wa ve n u m be r

K
。

in the m id d le tr o Po sPhe re 15 g re ater in w in ter tha n in su m m er
.

T hu s sm aller se a le

e d d ies c a n Pr o Pa g ate u Pw a r d s in to tlie u PPer tr o Po sPh er e m o re ea sily in w in ter tha n in su m
·

m e r
.

T his 15 in e o n sis ten ee w ith th e fa et tha t in w in te r a t hig h latitu d e s , syn o Ptie se al e

e d d ie s a r e q u ite a e tiv e in the u PPer tro Po sPhe r e
.

T he refo r e ,

th e a n a lyse s o n the d istrib u tio n s

o f eri tie al w av en u m b e r fo r the h o r iz o n tal as w ell a s v erti ea l Pr o Pag
ati n g w a v es ea n he ]P u s

in u n ds
r sta n di n g the fo rm a tio n o f a tm o sPhe ri e Per tu r ba tio n s a t d iffe

r e n t la titu d es a n d in

d iffe re n t sea so n s
.

S trie tly sPea k in g
, er itieal w av en u m be r a s w ell a s r efra e tio n in d e x 15 n o t the r ePr ese n ta ·

tio n s o f w a v e behav io u r itseif, bu t o n ly a k in em a tie n o ta tio n o f Po ssible w a ve beh av io u r
.

H o
we

v er ,
sin c e a t the lo w er b o u n d a ry o f the a tm o sPher e

,

the re a lw a ys e x ist therm a l an d

m e eh a n ie a l fo r ein g so u rc es w ith a v a riety o f se al e s
,

then the sPa tia l a n d tem Po r a l di str i
-

b u tio n s o f the er itie al w av en u m b er a s w ell a s r efr a etio n in d e x ea n eh a ra e teri ze the c o r r esPo n d
-

in g d istrib u tio n s o f w a v e b e ha v io u r s
.

T his e a n b e su PPo r te d by e o m Pa r in g the sPa tia l

d istr ib u tio n s o f 。 : a n d 尤
。

w ith th o se o f the E P一fl u x
.

In o u r p a ra lle l r esea r eh (W u et a l
. ,

19 8 8)
,

w e Pre s e n t ed th e E P
一 c r o ss 一s e e tio n s in d iffe

r e n t w a ve n u m ber d o m ain s
.

o n e b r a n eh o f

th e u Pw ar d Pr o Pa g a tin g Pla n e ta ry w a v es fr o m the s u rfa ee 15 refr ac ted to w a r d s lo w la titu d es

in the u PPer tr o Po sPhe re
.

T h e see o n d b r an eh Pen etr a tes the tr o Po Pa u se in to the stra to
-

sPhe re
.

T her e a lso e x ists a w e a k e r b r an eh b en d in g to w a r d s hig h latitu d e s
.

T he se m a ke

the E P
一

fi u x a PPea r in g as “the ea n o Py o f c o e o n u t tre e”
.

O n the c o n tr a ry
,

the u Pw a rd syn o Ptie

sea le E P
一

fl u x a t m id d le an d hig h latit u d e s a r e a ll r efr a eted t o w a rd s lo w lat itu des in th e

u PPer t ro Po s Pher e
.

T he se a r e a ll in g o o d e o r r e sPo n d e n ee w ith th e sPatia l d istr ibu ti o n s o f

the c ritic a l w av e n u m b er s n : a n d K
。

w hieh g e n e r a lly d ee r ea se w ith in e re asin g hei g ht as w ell
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a s la titu d e
.

In a d d itio n , n u m eriea l m o d ellin g an d d a ta a n a lyse s b o th sh o w th a t syn o Ptie

sea le e d d ies d o m in a te the lo w er tr o Po sPhe re ,

the n ea r re so n a n t e x te rn a l R o ssby w a v es Po s-

sess m a x im u m a m Plitu d e n e a r the t r o Po Pa u se , a n d o n ly Pla n eta ry sea le e d d ie s e x ist in the

str a to sPh er e
.

A ll the se e a n b e w e ll e x Pla in e d by the e x ist e n ee o f tw o w a v e t ra pPin g r eg io n s

in the
K

。

p甲fi les at m id la titu d es
·

T he P re se n t stu dy o n ly eo n e er n s w ith the z o n a l m a e n s tat es
.

Sin ee w e ster ly st ru c tu re s

at d iffe
re n t lo n g itu d es Po ssess re m a rk ab le d iffe

r e n e e ,

the thr ee 一

d im en sio n a l w av e m o tio n

m u st b e m u c h m o r e c o m Plie ated
.

Fo r e x a m Ple
,

lo c al eyclo n e w a v e s e a n so m etim e s Pr o P
-

a g a te u Pw a r d s in to the u PPe r t r o Po sPhe re , a n d w av e s in o
ne he

而
sPher e e a n Pro Pa g at e

thr o u g h the g a P o f th e tr o Piea l ea sterlies in to a n o the r h em isPhe re
.

T h ese c an n o t b e siin Ply

d esc rib ed by the tw o
一

d im e n sio n a l c ritie al w av en u m be r s
.

It m u st a lso be n o tie ed tha t th e

theo ries o f ho r iz o nt al a s w el l a s v e rtie al w a v e Pr o Pa g at io n u P o n w hich the Pr e se n t stu d y

w a s ba sed d o n o t in elu d e the im Pa e ts o f the m ea n m e rid io n a l e ir eu la tio n
.

T he r ece n t th e o -

r e tiea l stu dy a n d n u in eri e a l m o d ellin g o f W
a tter so n a n d Se hn e id er (19 8 3) sho w tha t th e

in cl u sio n o f the H ad ley e ir eul at io n r esu lts in Pe rtu r b a tio n s b ein g ab le t o Pen etr a te the u PPer

tr o Po sPh e r ie t r o Piea l e a ster lie s a n d Pr o Pa g a te fr o m o n e h em isPh e re to the o ther
.

T h er e

15 n o d o u b t th a t th r ee 一

d im en sio n a l Pr o b le m 15 m u eh m o r e d iffi e u lt b u t in ter estin g issu e , a n d

r e q u ir es m u e h m o r e e
ffo

r ts
.

EV en 5 0 ,

fo r the z o n al m ea n elim a te
, a n d a s a b a sie aPPr o x i

-

m a tio n ,

the stu d ies o n th e eritiea l w av e n u m ber n : a n d K
。 a r e still o f g e n e ra l sig n ifi c a n c e

.

T his s tu dy 15 Pa rtly su PPo rte d by the

n u m be r 48 60 20 5
.

T he a u tho r s a re in d e b t

N a tio n a l N a tu r a l Se ie n e e F o u n dai io n o f C h in a u n der the Proj eCt

to M s
.

W a n g X u a n fo r tyPin g th e d ra ft
.

R E FE R E N CE S

C lia r
ne y

,
J

.

G
.

a n d D ra z jn
,

P
.

G
.

(196 1)
,

竹o Pa笋 tio n o f Pla n e ta ry se a le distu rb anc e s fr o m th e lo w e r in to

the u p讲r a tm o sPhere
,

J. G e
即句性

.

R es
. ,

66 : 8 3一1 0 9
.

D ie kin so n ,

R
.

E
,

(19 6 8)
,

Pla n e ta仃 R o ssby w a v es p r o p a g a tin g v er tiea lly thr o u gh w ea k we
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