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t
i

o n
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o
b
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i
n e

d
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d
e r

l
o n

g
一w a v e a P P ro x im a tio n a re in d u ce d a s a

K e lv in w a v e a n d tw o R o ssb y w a v e s
.

A ft e r e o n sid e rin g th e e
ffe

ct o f b o u n d a即一la y e r d y n a m ic P r o e e s s ,
t h

e

m

o
d i fi

e
d

K
e

l
v

i
n w a v e

b
e e o

m
e s u n s t a

b 盖e in Io n g一 w a v e b a n d s w ith a ty p ie a l g ro w th ra te o n a n o 记er o r 20 书 s一1 a n
d

a n e a s t w
a r

d

p h
a s e s

p
e e

d
o

f 1 0 m
s 一 l; t h

e
m

o s t u n s ta b l
e

m
o

d
e

i
s

w
a v e n u

m b
e r o n e

.

T h
e s e t h

e o r e ti
e a

l
r e s u 一ts a re e o n sisten t w ith th e o b

-

se
rv

ed M
a d d en 一Ju lia n o sc illa tio n in eq u a to ria l a re a

.
F o r th e tw o m o d ifi ed R o ssb y w a v es , o n e

w i t h
a s

m
a

l l
e r

m
e r

i d i
o n a

l

sc
a

l
e

(

n = 4 ) d
e e a

y
s e x e e

p t
fo

r e x t r a
l
o n

g 一w a v e s ; th e o t h e r w ith a Ia r g e r m e r id io n a l s e a le (
n = 2 ) g r o w s in s h o r t一w a v e

b a n d s
.

T h is m a y b e re lev a n t to e xp la in in g th e w e stw a rd P ro P ag a tio n o f su P e r c lo u d elu ste rs in th e
M

a d d en 一Ju lia n

o seilla tio n
.
T h e th e o ry su g g e sts th a t th e b o u n d a ry 一la y e r d y n a m ie P r o e e s s 1 5 a n im P o r t a n t m

e e h a n is m in th e d e v e l o P
-

m e n t o f t h e
M

a d d e n 一J u li a n o s e ill a tio n
.

K e y w o r d s :
M

a d d e n 一J u lia n o sc illa tio n ,

i
n t r a s e a s o n a l

o s e
i l l

a t i
o n

,

b
o u n

d
a

ry
一Ia ye r e o n v e rg e n ee

1
.
IN T R O D U C T IO N

T h
e

4 0 一50 day (som etim es term ed 30一60 day or intraseasonal)oscillation diseove red by

M adden and Julian (1971; 1972) 15 one ofthe fu ndam entalcom Ponents ofthe troPiealatm os-

Pherie eireulation
.
O n the one hand

,

th i
s o s e

i l l
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t i
o n r e

fl
e o
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s

i
n t

e r n a
l d y

n a
m i

e s o
f t h

e
t

r o
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l
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t m
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e r e
:

o n
t h
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h

e r
h

a n
d

,

i t 1
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I i k
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l y
o n e o
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e

i t h

e r
t h

e
P h

a s e s o

f E N S O

o r
t h

e
t r

i g g

e r
m

e e
h

-

an i

s

m

s o

f E N S O d

e v e

l

o
P m

e n t

.

T h

e r e

fo

r e
,

a
l
a r

g
e n u

m b
e r o

f
s

t u
d i

e s o n

M

a
d d

e n

一
ulian

oseillation (M JO
,

h
e r e a

ft
e r

)
w

e r e
P

a
i d

a t t
e n

t i
o n

i
n t h

e
l
a s

t d
e e a

d
e

.

B
a s e

d
o n

t h
e a n a

l y
s

i
s o

f
o

b

-

s e

rv

e
d d

a
t

a
,

m
a n y

e s s e n
t i

a
l fe

a
t

u r e s o
f t h

e

M J O
a r e r e v e a

l
e

d

.

F i
r s

t

,

t h
e

M J O
e x

h i b i t
s a

g l
o

b
a

l

z o n a
l

s e a
l
e

( m
o r e

t h
a n

1 0 0 0 0 k m ) i
n

t
r o

Pi

e s
,

a n
d

e o n
t a

i
n s a

m
u

l t i
一se a

l
e s tr u e

tu
r e e o

m P o s e
d

o
f

* T h is w o rk 15 s u P P o rte d b y th e N a tio n a l N a tu ra l S e ie n ee F o u n d a tio n o f C h in a
.
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t h
e

P ri
n c

i P
a

l
c

i rc
u

-

l
a

t i
o n o

f t h
e

M J O m
o v e s e a s

t w
a r

d
a

l
o n

g t h
e e

q
u a

t
o r a n

d
a

m P l i fi
e s o v e r

t h
e

w
a r

m w
a

t
e r s o

f

e
q

u a
t

o r
i
a

l I
n

d i
a n a n

d w
e s

t
e r n

P
a e

i fi
e

O
e e a n s

,

w h
e r e a s

t h
e

i
n

d i
v

i d
u a

l
c

l
o u

d
c

l
u s

t
e r s c a n

m
o v 。

u n sta b ly w e stw a rd a lo n g th e eq u a to r
.
L a st

,
t

h
e v e r

t i
e a

l
s t r u e t u r e o

f
t

h
e

M J O 1
5

d
o

m i
n a t e

d b y

t h
e

g
r a v e s

t b
a r o c

l i
n

i
c

m
o

d
e

; t h
e

h
o r

i
z o n

t
a

l
s

t r u e
t

u r e a
P P

e a r s
t

o
b

e c
h

a r a c
t

e r
i

z e
d b y

a e o u
P l

e
d

K
e

l
v

i
n 一R

o s s
b y w a v e

.

I n t h
e o r e ti

e a
l

s tu d i
e s ,

m
a n

y
r e s e a r e

h
e r s

h
a v e

fo l l
o

w
e

d t h
e

t
r a

i
n o

f t h
o u

g h t
o

f w
a v e 一C IS K

(
e o n d itio n a l in sta b ility o f th e se eo n d k in d ) m ec h a n ism a n d em P h a siz ed th e in te ra etio n b e tw ee n

th e eq u a to ria l K e lv in w a v e一i
n

d
u e e

d m
o
i
s tu re e o n v e r g e n e e a n

d th
e e o n v e e ti

v e
h

e a ti
n g (C h

a n g

1 9 7 7 ; L a u a n
d P e n g 1 9 8 7 ; C h

a n g a n
d L im 1 9 8 8 )

.
A lth

o u g h th
e

K
e
l
v

i
n w a v e一C IS K m ec h a n ism

ca n b e resP o n sib ]e fo
r th e slo w ly e a stw a rd P ro P a g a tio n o f M J O

,

i t d
o e s n o

t
e x

P l
a

i
n

t h
e

g l
o

b
a

l
一se a

l
e

i
n s ta b ility : t h

e
m

o st u n s ta b l
e w a v e s a r e s

h
o r t一w a v e s

.
I f th

e
la te n t h

e a t i
n g 1

5

n o n li
n e a r

,
s

m
a

l l
一sc a

l
e

d i
s tu r

b
a n e e s r e m

a
i
n

m
o s t u n s ta b l

e
(W

a n g a n
d X

u e
1 9 9 2 )

,
a

l t h
o u

g h t h
e

n o n
l i

n e a r
h

e a
t i

n
g fa

v o r s a n a r r o
w P

r e c
i P i

t a t
i

o n r e
g i

o n a n
d

a
g l

o
b

a
l 一sea le e ire u la tio n

.
In th is

se n se ,
n o

m
a

t t
e r

i t 1
5

l i
n e a r o r n o n

l i
n e a r

,
t

h
e

w
a v e 一C I S K m e c h

a n
i
s
m

e a n n o t e x
P l

a
in t h

e P l
a n

-

e t a r y一s e a
l
e o

f th
e

M J O
.

E m
a n u e

l ( 1 9 8 7 ) P r o P o s e
d

a n e v a P o r a ti
o n 一w i

n
d fe

e
d b

a
ck m

e c
h
a n

i
s
m fo

r e x P l
a
i
n
i
n g th

e

M J O
.
E v e n

i
n t h

e a
b

se n e e o f
e
q u a to r

ia l K
e
l
v
in w a v e ,

t h
e e a s

t 一w e s t a s y m m e tr y i
n e v a P

o r a ti
o n a l

h
e a ti

n g e a n
i
n
d

u c e a s
l
o w ly

e a s tw a r
d 一m

o v i
n g

W
a
lk

e r一ty P e e
i
re u

l
a ti

o n c e
ll i

n a u n
ifo

r
m

e a s te r ly

b
a s

i
e

fl
o w

.
H

o w e v e r ,
s

i m i l
a r

t
o

w
a v e 一C I S K m

e
ch

a n
i
s
m

,
t

h
e

i
n s t

a
b i l i t y s t

i l l fa
v o r s

t h
e

h i g h
一w a v e n u m b

e r
d i

s tu r
b
a n e e s

.

W
a n g ( 1 9 8 8 )

e o n sid
e r e d t h

a t th
e

E k m
a n P u

m P i
n g 一i

n
d u c e

d m
o
i
s tu re e o n v e r g e n c e a n

d th
e

w a v e 一nd ueed m oisture eon verg enee are n ot the sam e in P hase
,

5 0 t
h

e
h

e a
ti

n
g d

u e
t

o t
h

e

b
o u n

d
a r

y 一l
a y e r

m
o
i
s tu re c o n v e r

g
e n e e g i

v e s r
i
s e to a n

in
s t a b ility fa

v o r a
b l

e
fo

r
P l

a n e ta r y s c a
l
e s

( W
a n

g a n
d C h

e n 1 9 8 9 )
.

T h i
s

m
e c

h
a n i

s
m w ill b

e r e fe
rr e

d to a s
E k m

a n e o n v e r g e n c e一P re eiP ita
-

tio n h ea tin g
fee

d b ae k
.

A ft er e o n sid erin g th e E k m a n eo n v erg e n e e
一

reciPitation heating

fe edbaek ,

W

a n
g

(
1 9 9 3

) m
a

d
e a n u

m
e r

i
c a

l
e x

P
e r

i m
e n

t b y
s o

l
v

i
n

g i
n

i t i
a

l
一v a

lu
e P r o

b l
e
m

.
In iti

a
lly

,

a n e
q

u a
t

o r
i

a
l l y t

r a P P
e

d
e a s t e r

l y K
e

l
v

i
n

w a v e
P

e r
t

u r
b

a
t i

o n
1

5 e e n
t

e r e
d

a r o u n
d t h

e e
q

u a
t

o r
w i t h

a

z o n a
l

s e a
l
e o

f 4 0 0 0 k m
a n

d
a e o s

i
n e s

t
r u e

t
u

re

.

T h
e

t i m
e

i
n t

e
g

r a
t i

o n
i

n
d i

e a
t

e s
t h

a
t

a s
i

n
i t i

a
l

K
e

l
v

i
n

w
a v e

P
e r t u r

b
a

t i
o n e o n

t i
n u o u s

l y m
o v e s e a s

tw

a r
d

,
a n e

w K
e

l
v

i
n

w
a v e

P
e r

t u r
b

a
t i

o n
1

5 e x
-

e
i t

e
d i

n
fr

o n
t

o
f (

o r
d

o
w

n 一str e a
m )

th e m aj
o r e e

ll:
a t t h

e sa
m e tim

e ,

R
o s s

b y w
a v e

P
e r

t u r
b

a
t i

o n s

w i t h
a s e a

l
e o

f 1 0 0 0 k m fo
rm

b
e

h i
n

d
(

o r u
P 一tre am ) the m aj

or eell and Present an

equator一sy m m
e tr i

c s tr u c tu re : th
e re

fo
re th

e
fu ll

e
i
re u l

a ti
o n

1
5 P r e se n t e d

a s a e o u P l
e
d

K
e
l
v
i
n 一R

o s s
b y w a v e s t ru e t u r e

.
T h

e re s u
lt

s a r e v e r y c o n s
i
s te n t w ith th e o

b
se

rv
a ti

o n o
f th

e
M J O

.

In th i
s P a P e r ,

w
e

w i l l d i
s c u s s

t h
e e

i g e n v a
l

u e s a n
d

e
i ge

n

vec

t
o r s o

f t h
e

m
o

d
e

l
o

f
s

h
o r

t 一te r m

e
lim

a te v a r
i
a ti

o n s
(W

a n g a n
d L i 1 9 9 3 ) i

n o r
d

e r t o b
e tte r u n

d
e r st a n

d th
e

d
e v e

l
o P m

e n t o
f th

e

M J O i
n te r m

s o
f th

e
d i

s P e r s
i
o n a n

d i
n s ta b ility

o
f th e d i

s tu r
b

a n c e
.

11
.
T H E M O D E L

T h
e P r e s e n t m

o
d

e
l (W

a n g a n
d L i 1 9 9 3 )

e o n s
i
s ts o

f
a w e

ll一m i
x e

d P l
a n e ta r y b

o u n
d
a r y l

a y e r

a n
d a

fre
e t ro P

o s
P h

e
re re P re

s e n te d b y th
e

g
r a v e s t b

a r o e
li
n

i
e

m
o

d
e
.

T h
e P r e ci P it

a ti
o n h

e a ti
n g 15

d
e s c r

ib
e
d b y th

e
C I S K 一ty P e e u

m
u

l
u s

P
a r a

m
e te r

i
z a ti

o n
.

T h
e s u P P ly

o
f l

o w e r一la y e r m
o
is t

u r e
15

p r o v
id

e
d b y

th
e c o n v e r g e n c e o

f b
o u n d

a r y 一l
a y e r

fl
o w s

·

I
f

t
h

e n o n 一u n ifo
rm ity o f se a

(
o r la n d )

su rfa c e tem P era tu re d istrib u tio n 15 n o t eo n sid e re d
,

t h
e

g o
ve m i

n
g

e
q

u a t i
o n s

fo

r
t h

e



一J U L I A N O S C I L L A T I O N 1 7 1

fr
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a n e w ith l
o n g 一w a v e a P P r o x
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a ti

o n a r e
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l 刁口

二
_z日u .
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_

、
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。

.

刁v 。
\

月

一找~
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.‘
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爵
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R b L

查
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(互
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l

t 。 厂 Z J :
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1
5 th

e
h

e a ti
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ffi
c
i
e n t d

u e to fr
e e一tr o P o s P h

e re
m

o
i
s t u r e

e o n v e r g e n e e : 5
2 三 s

。
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尹

:
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)
’

1
5

t h
e s t a

t i
c s

t
a

b il i t y p
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m
e t e r

i
n

t h
e

m i d d l
e o

f t h
e

rr
e e

t
r o

p
o s

p h
e r e

; B 三 (R b L
。

奋
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C

,
p

Z
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Z

却) 15theheatingcoefficientdueto boundary一l
a y e r

m
o

i
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