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(16)‘ m
e a n s t h

a
t t h

e a
t m

o s P h
e r e

1
5 s

y m m
e t r

i
e a

l l y
s
t

a
b l

e
.

T h
e n

,

fr
o

m
(

1 4
)

,

w
e

g
e

t
s o

l
u

t i
o n

(
1 6

)

( 1 6
)

,



一
。c o s , :田〕

一去
(cH+, 。

一
cos, 。·】一

去
(, ; + * 。)

· (

1
7

)

职P

苦

脚
哥

W

r.

l

z
‘
.

we

L

W

h

e
n

F =

H

=
0

,

i

.
e

.

w h
e n

(
1 4

)
1

5
h

o
m

o
g

e n e o u s
,

s
i

n e e

△羊 0
,

a e c o r
d i

n
g t

o
t h

e
d

’

A l
e

m b
e r

t

’
s

P
r

i
n e

i P l
e

,

t h
e r e e x

i
s

t
s o n

l y t
r

i
v

i
a

l
s o

l
u t i

o n
,

i

.

e

.

【v]= [田1 三 0
.

(w h en F = H = 0 ) (18 )

T h is m e a n s:

(l) M M C 15 fo rce d eith er b y ex te rn a l fo
re in g o f so u rc e s o f m o m en tu m a n d h ea t o r in tern a l

fo
rc in g d u e to e d d y tra n sfe r o f m o m e n tu m a n d h e a t

.
Its in te n sity a n d lo e a tio n are a fl 七eted b y

th re e P a ra m e ters ,

i

.
e

.

t h
e a

t m
o s

p h
e r

i
c s

t a t i
c s

t
a

b i l i t y

,

i
n e r

t i
a

l
s

t
a

b i l i t y a n
d b

a r o e
l i

n
i

e
i t y

.

W
i t h

o u
t

fo

r c
i
n

g
o r

,

i f i
n

t e r n a
l

a n
d

e x
t e r n a

l fo rc i
n

g
s a r e

i
n

b
a

l
a n e e

,

M M C
e a n n o

t
e x

i
s t

.

( 2 ) A t t h
e c e n t

e r o
f M M C

,

沙
,

= 沙
, 二 o

·

F

r o

m

(

1 7

)

,

w e g
e

t

干BF
+ C H

“

A F 十 B H

= 0
,

= 0

. (

a
t t h

e e e n
t e r o

f M M C )

N
o

w t h
a

t △ = 扩一注C 羊。
,

t h i
s

l i
ne

a r
h

o

m
o 罗ne ous eq u ation syste m po sse sse s only triv ial

ti o n

(19)

50111
·

F =
H

二 0,

1
.
e
.
th e ex ter n al so u re es o f m om e n tum a n d he a t a re b a la nee d b y ed dy tr a nsfe r o f m om e nt um

a nd he
at

,
r e s

P ec
t i

v e
l y

a t t h
e

ce
n

te
r o

f M M C

.

( 3
)

F
o r

t h
e

l
o e a

t i
o n a

t t h
e

l
o

w
e r a n

d
u

P P
e r

h
o r

i
z o n

t
a

l b
r a n c

h
e s o

f M M C w h
e r e

[
。』= 0

,

w
e

o
b t

a
i

n
fr

o

m ( 1 4
)

X一芦、

t
v

l
=

H

B e o s 价
(w he

n
[田] = 0 ) (2 0 )

In th e N o rth ern H em isP h e re
,

亡> 0
,

B < 0

,

t h
e n

[ v1
< 0

,

(
w h

e n
x > 0

,
o r

H
> 0 )

【
v
』> 0: (w hen x < 0

,
o r

H
< 0 )

i
n t h

e
S

o u
t h

e n
H

e
m i

s
P h

e r e
,

亡< 0
,

B > 0

,

t h
e n

【v] > 0
,

(
w h

e n X > 0

,
o r

H
> 0

)

[

v

l
< 0

.

(
w h

e n X < 0

,
o r

H
< 0

)

Th

i
s

1
5 t o s a

y

,

t h
e r e

g i
o n o

f m
o

m
e n t u

m
s o u r c e

(

s
i

n
k

)

a n
d /

o r
h

e a
t s o u r

ee (

s
i
n

k
)

c o r r e s
P

o n
d

s
t
。

h o r
i
z o n ta l

e
q u a to

rw
a rd (

P o
le w a r

d ) m o ti
o n

.

(4 ) F
o r th e l

o e a tio
n s o

f t h
e P u r e r

i
s
i
n

g a n d
s
i
n

k i
n g b

r a n e
h

e s w h
e r e 【

v
」二 0

,

w
e o

b t
a

i
n

fr
o

m

(
1 4

)

闹-
一生一 * -

aCO S中
’

甲

一生一丛 =
acos价 B

1 H
a eo s中 A (w he

n
[
v
】= 0)

Sineef / 刀 < o
,

i
n

t h
e t w o

h
e

m i
s

p h
e r e s

,

t h
e n

一[。』> 0
,

(
w h

e n
x > 0

,
o r

H
> 0

)

一
[。】< 0

.
(w hen X < 0

,
o r

H
< 0 )

T h i
s

t h
e n

i m P l i
e s

t h
a

t t h
e r e

g i
o n o

f m
o

m
e n t u

m
s o u r e e

(

s
i

n
k )

e o r r e s
P o n

d
s

t o r
i

s
i
n

g (

s
i
n

k i
n

g
) m

o
-

t i
o n

.

A
s a s u

m m
a r

y

,

t h
e e o r r e

l
a

t i
o n

b
e

t w
e e n

t h
e

l
o e a t i

o n o
f

s o u
re

e
/

s
i
n

k
o

f
z o n a

l m
e a n

m
o

m
e n

-

t u
m

a n
d /

o r
h

e a t
a n

d t h
e

l
o e a

t i
o n o

f M M C
c a n

b
e e x

P
r e s s e

d
s e

h
e

m
a

t i
e a

l l y i
n

F i g

.

l
a 恤n d d es

-

eri b ed a s fo llo w s:
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N

F ig
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1

.

M M C
a n

d t h
e

I
o e a t i

o n s o
f t h

e a s s o e
i
a

te d fo
r e

i
n

g
s o u

rc
e

( h
a te h

e
d

a r e a
)

a n
d

s
i
n

k (
u n

h
a te h

e
d

a
re

a
)

o
f m

o
m

e n tu m

a n
d h

e a t :
(
a

) T y P i
e a

l t h
re e 一e e ll eire u la tio n : a n d (b )

tro P ica l d o u b l
e--

la y e r H a d le y c irc
u la tio n ·

F

o r a

d i

r e c

t

e

i

r
e u

l

a

t
i

o n

,

i t
s r

i
s

i
n

g b
r a n e

h
a n

d t h
e n e a r s u r

fa
c e

b
r a n e

h
e o r

re
s

P
o n

d t o t h
e

s o u

ree

o
f m

o
m

e n
t

u

m
a n

d /
o r

h
e a

t

,
a n

d t h
e s

i
n

k i
n

g b
r a n e

h
a n

d
n e a r

t
r o

P
o

P
a u s e

b
r a n e

h
c o r r e

-

s
P

o n
d t o s

i
n

k

.

F
o r a n

i
n

d i
r e e t

M M C

,

i t
s r

i
s

i
ng

b
r a n c

h
a n

d
n e a r

t r o
P

a
P

a u s e
b

r a n e
h

e o r r e r
P

o n
d

t o s o u r c e o
f m

o
m

e n
t

u
m

a n
d /

o r
h

e a t

,
a n

d i t
s s

i
n

k i
n

g b
r a n e

h
a n

d
n e a r s u r

fac

e
b

r a n e
h

e o r r e
-

s
P o n

d t
o s

i
n

k

.

W
h

e n
t h

e r e e x
i

s
t s

d
o u

b l
e--

l
a

y
e r e

d H
a

d l
e

y e
i

r c u
l
a

t i
o n

i
n

t h
e t

r o
P i

e s
,

t h
e

d i
s t r

i b
u

-

t i
o n o

f
s o u r e e a n

d
s

i
n

k
s

h
o u

l d
a

P P
e a r a s

i
n

F i g

.

l b

.

I
n s u e

h
e

i re
u

m
s t a n e e s

t h
e r e

m
u s t

be

d
o u

b l
e 一la y e red so u re e a n d sin k o f m o m en tu m a n d h e a t

.

I t 15 w o rth w h ile to n o te th a t d e fi n ite P ro P o rtio n a l re la tio n s
ex is t b e t

wee

n th e
rm

a l fo rc in g

an d m ec h a n ie a l fo
rein g to M M C a t th e sP o ts w h ere E q s.

(2 0 )
a n d (2 1)

a re sa tisfi ed ; a n d th e se

P ro P o rtio n s a re m o d u la ted b y th e in te rn a l b a ro c lin icity
,

s
t a t i

e s t
a

b i l i t y
a n

d i
n e r t i

a s
t a

b i l i t y
o

f

t h
e a

tm

o s
P h

e
re

.

I
n o t h

e r
w o r

d
s

,

t h
e

d y n a
m i

e
fo

r e
i

n
g

a n
d t h

e t h
e

rm

a
l fo rc i

n
g o

f t h
e

M M C
a r e

m
o

d
u

l
a t

e
d

a

cc

o r
d i

n g t
o

t h
e

fo l l
o

w i
n

g re l
a

t i
o n s

.

A t t h
e s

P
o

t
s o

f [
。』= 0

,

t h
e r a

t i
o o

f m
o

m
e n

t
u

m
s o u r c e

t o
h

e a
t

s o u r

ee 1
5

P r o
P

o r
t i

o n a
l t

o
t h

e

r a t i
o o

f
a

b
s o

l
u

t
e v o r

t i
e

i t y t o
b

a r o e
l i

n
i
e

i t y

,
a n

d
a t t h

e s
P

o t s o
f 【

v
l“ 0

,

t h
e r a

t i
o o

f t h
e

P
r o

d
u e t o

f

m
o

m
e n t

u
m

s o u

rc

e a n
d

f
t

o
t h

e
h

e a t
s o u r e e

1
5

P
r o P

o r
t i

o n a
l t

o
t h

e

ra
t i

o o
f b ar

o c
l i

n
i ci t y t o s t a

ti
e

s
t

a
b i l i t y

,
o r

P
r o

P
o r

t i
o n a

l t
o

t h
e

t
a n g e n

t
o

f t h
e s

l
a n t w i

s e
b

e t w
e e n

t h
e

i
s e n t

r o
P i

e s u r
fa

e e a n
d t h

e

i
s o

b
a r

i
e s u r

fa
e e

.

1 1 1

,

T H E R
M

A L F O R C I
N

G A N D H A D L E Y C I R C U L A T I O N

B
y

u s

i

n

g t
h

e

rm

a

l
w

i

n

d

r

el

a

t
i

o
n

(
1 1

)

,

t h
e e

q
u a

t i
o n o

f M M C
e a n

be

o
b t a

i
n

ed
fr

o
m



沙
。

)

,
+ Z B 价, + ( C 沙

,

)

;
+ B

,

价
,

+ B
,

价
,

一 (F
I + F Z + F 3

)
,

+

(H

.
+

H
Z

+
H

3
)

,
= F

,
+

H

, ,

( 2 2 )

t h
e a

p p
r o x

i m
a

t
e r e

l
a

t i
o n

} [

u

] }
/

(

a
o

e o 、甲)<< 1 h a s b ee n em p 一oy e d in o b ta in in g th e a b o v e eq u a -

ti o n .
T h e n a tu re o f E q

.
(2 2 ) 15 d e term in e d b y th e sig n o r △ = B2 一注e (

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

几
ehardson num ber)

.
N otieing thatthe atm osPhere 15 sym m etrieally stable

(fP
:> 0)i

n general
,

fr
o

m
(

1 6 )

o r

( 1 6 )

‘,

w e
k

n o
w t h

a
t E q

.

( 2 2
)

1
5 a n e

l l i P t i
e e

q u a
t i

o n

.

S i
n e e

h
o

m
o

g
e n e o u s e

l l i P t i
e

e
q u a

t i
o n

h
a s n o e x

t
r e

m
e s a

t a n
y i

n n e r
P

o
i

n
t

,
a n

d
s

i
n c e

t h
e

b
o u n

d
a r

y
e o n

d i t i
o n o

f t h
e

g l
o

b
a

l i
n

-

t
e

g
r a

t i
o n

1
5 a

P P
r o x

i m
a

t e
l y

ze

r o
,

fr
o

m
(

2 2 )

,

w h
e n

F = 万三0
,

t h
e n

沙三0
.
T his 15 to say ,

i f t h
e r e

1
5

n o

fo

r e
i

n
g

,
o r

i f i
n

t e r n a
l

s o u r

ee

a n
d

e x
t

e r n a
l

s o u r e e a r e o

ffs

e t e a c
h

o t h
e r e v e r

yw

h
e r e

,

M M C

c a n n o t
e x

i
s

t i
n

t h
e a

t m
o s

P h
e r e

.

B
e s

i d
e s

,
s

i
n c e

E q

.

( 2 2 ) 1
5

l i
n e a r

,

M M C
c a n

b
e e o n s

i d
e r e

d
a s

t h
e

s u
m

o
f

c
i
r e u

l
a

t i
o n s

d
u e t

o a
l l i

n
d i

v
i d

u a
l fo

r c
i
n g s

.

T
o

g
e

t t h
e n u

m
e r

i
c a

l
s o

l
u

t i
o n o

f E q

.

(
2 2

)

,

i
n v e r

t i
c a

l d i
r e e t i

o n
t h

e a
t m

o s
P h

e
re 1

5
d i

v
i d

e
d i

n
-

t o

40
l

a
y

e r s
w i t h

a n
i

n
t

e r v a
l

o
f 2 5 h P

a
,

a n
d i

n
h

o r
i
z o n t a

l d i
r e e

t i
o n

i
n

t o
6 0 b

e
l t

s
w i t h

a
g

r
i d i

n
-

t
e r v a

l
o

f 3 d
e

g
r e e s

fr
o

m t h
e s o u t h P

o
l
e t o t h

e n o r t h P
o

l
e

.

N
o

w

,

t h
e r e a r e

6 1
x

4 1 g
r

i d P
o

i
n

t
s

.

A t

t h
e t w o

P
o

l
a r r e g i

o n s a n
d

a t P = 0

,

t h
e

b
o u n

d
a r

y
v a

l
u e o

f 价15 set to zero.A tP = 1000 hPa
,

w e

ge
t t h

e
l

o
w e r

b
o u n

d
a r

y
v a

l
u e o

f 沙by using the schem e ofeentralfinitediffe
renee afterobtaining

沙
,

fr o m E q

·

(

1 7
)

·

I

n

t
h i

s s

t
u

d y

,
o u r

m
a

i
n

i
n

t
e r e s t 1

5
t h

e

M M C i
n

J
a n u a r

y

.

T h
e

g
r

i d
v a

l
u e s o

f
[

。
]

,

[ 刀
,

[

u
.

v
’

]

,

[

u
’

。
’

】
,

[

v
’

丁
’

]

,

[
。

*
T

’

]

,
e x

t
e r n a

l m
o

m
e n t

u
m

s o u r

ee 凡
,

a n
d h

e a t
s o u r c e

凡
ean

be interp olated from the data Provided in W u and Liu (1987)
.
These were calculated from the

13一la y er a n d s一y e a r
(S

e P
.,

1 9 7 9 一A ug
.,

1 9 8 4
)

m
o n

t h l y m
e a n

J
a n u a r

y E C M W
F d

a
t

a
.

W
i t h

t h
e s e

d
a

t a
,

E q

.

( 2 2 )

e a n
b

e s o
l
v e

d b y
s u

P
e r 一rela x a tio n to ge t th e d istrib u tio n o f M M C

.

W ith o u t e o n sid e ri n g o th e r fa eto rs ,
a n

d
o n

l y
s u

b
s t i t u t i

n
g t h

e a
fo

r e
m

e n
t i

o n e
d d i

a
b

a t i
e

h
e a

t

-

i
n

g
H3

i
n

t o

(
2 2 )

,

w e o
b t a

i
n t h

e
M M C

a s s
h

o w
n

i
n

F i g

.

2

.

T h
e e

ffe

e t o
f d i

a
b

a
t i

e
h

e a t i
n

g i
s

w
e a

k

-

e r a t e x
t

r a
t

r o
P i

c a
l

r e
g i

o n s

.

o
n

t h
e o

t h
e r

h
a n

d

,

i t
e x c

i t e s s t r o n
g d i re

e t c
i

r e u
l

a
t i

o n s
i

n
l

o
w 一l

a ti
-

tu d e r e g io
n s ,

w h
o s e e e n t

e r s a
re

a t 2 5 0 h P
a a n

d 8 0 0 h P
a w i t h i

n
t

e n s
i t i

e s
1 4

x
1 0

3 a n
d 1 2

x
l o

3
k g

s
一 3

,
r e s

p
e e t i

v e
l y

.
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e e a u s e c

i
r c u

l
a

t i
o n s e x e

i t
e

d b y
s e n s

i b l
e

h
e a t i

n
g

a r e
w

e a
k

a n
d 一ie u n d e r 9 0 0 h P a

(S
c h n eid e r a n d L in zen ,

1 9 7 7
)

,
o n e e a n r e

fe
r

t h
a t t h

e s e
t

r o
P i

e a
l

e
i

r c u
l

a
t i

o n s a r e
m

a
i

n
l y fo rc

e
d b y

l
a

t
e n

t h
e a t r e

l
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o n

h
e a t i
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.
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w
e

i
n

-
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u e e

t h
e
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w i
n

g P
a r a
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e te ri

z a t i
o n s e

h
e

m
e o

f
r a

d i
a

ti
o n

h
e a t i

n
g

:

。
_
_ ‘
压

、
‘

工迎些二I亚望卫
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尸
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T 切)
(23)

H ere,

[ T(
甲

,

p
) ]

1
5

t h
e

d i
s

t ri b
u

t i
o n o

f
z o n a

l m
e a n

t
e

m P
e r a

t u r e
i

n
J

a n u a r
y

.
: 勿)15 the tim e scale o f

rad iati on heating in P -℃o o r d in a te s y st e m
:

f 3 0 d a y s ,

T 伽)一
}
(0. o lp 一 ‘)“5 “a y s ,

、

1 5 d
ay

s
,

Te (
沪,P ) 15 t h e r a d i a t i o n eq u i li b r i u m t e m P e r a t u r

( P ) 30 0 h P a
)

( 2 0 0 h P a 毛 P < 30 0 h P a )

(P < 2 0 0 h P a
)
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.
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·

。人I又毋) + 1 月
。

I n 石一 十 }I L价)一 1 月
。

I n 石, } 之+ 艺l j
·
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立
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l
f o
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H
e r e

,

厂 15 d ry a d ia b a ti e la P se ra te
,

a s s u
m

e
d

a s c o n s
t

a n
t :

HO
1

5
t h

e
h

e
i g h t

o
f

s t a n
d

a r
d

a t m
o s

-

P h
e r e :

T(
甲)+ 2 13 15 id e a lize d ra d ia tio n a l e q u ilib riu m tem P era tu re a t 10 0 0 h P a . S u P P o sin g th a t

T (毋) 1
5 m a x im u m a t 15

0
5 in ja n u a ry

,

t h
e n w

e
l

e
t

T(
, ) 一 2 5

{
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·
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ve
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r
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u
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t

e

m P
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u
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(

Te)
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e
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s
t

r

i b

u
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i
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n o

f

c
o n

s
t
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n

t
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k i
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e
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P

e r a
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u r e
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t t
h

e u

P P

e
r
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t

h

e a
t
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o s
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e r
e
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o

e n s
u
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e z o n
a

l
w

i

n

d b

e

i
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g fi

n

i
t

e

t
h
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.

(
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e a
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a

t
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a

d i

a
t

i

o n
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l i
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g 1

5

P
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P

o r

t
i

o n
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l
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o

t

he

d
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P
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h
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a
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i
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u
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r

i

u

m
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.
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o

d g

e
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a n

d

W

a

l

s

h

a
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(
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)

P

r
o v

e

d
t

h

a
t t

h

e r a
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a
t

i

o n s
e

h

e

m

e

d

e s e

ri b

e

d
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i
t

h

E q

·

(

2 3

)

1

5

q

u

i
t

e

P re ci

s
e

fo

r

th

e e a
r

t
h

’
5 a t m

o s
P h

e r e

.

T h
e

fo l l
o

w i
n
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5 t h

e
P

a r a
m

e te ri
z a t i

o n o
f

e o n
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e n s a
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o n
h

e a
t i

n
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:
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言
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毋 一 毋 。 、
2

、

叼

一可甲
’ 甘伊 , e x p L一 L下而
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·

(

2 4

)

H

e r
e

,

势。
1
5 t h

e
l a t i tu d

e o
f e o n d

e n s a ti
o n

h
e a t i n g e e n t e r ,

匆 PresentstheG aussian half-- width of
thetroPiealrainfa llProfile

.
Q勿) im itates the vertiealstrueture ofeondensation heating:
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H e re ,

P

, a n
d 凡

are the heigh ts of toP an d bo ttom of con densation layer
,

r e s
P

e e
t i

v e
l y

,

p
z a n

d p
Z a r e

t h
e

h
e

i g h t
s o

f t
o

p

a n
d b

o
t t

o
m

o
f

u n
i fo

r
m

c o n
d

e n s a t i
o n

l
a

y e r
,

r e s
p

e e t i
v e

l y

.

l
a

t
e n

t h
e a

t :
Pr 1

5
P re

e
i P i t a t i

o n r a
t

e
; P

w a t e r ,

t h
e

d
e n s

i t y
o

f w a t e r
.

T h
e

P
a r a

m
e

t
e r

i
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t i
p n o

f
c o n v e e

t i
o n

fr i
c

t i
o n

1
5

i
n
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i m P l
e

fl
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r

m

.

F
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一
g
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:
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·
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‘
.

1
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m
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l
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,
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b
e o

b t
a

i
n e

d fr
o

m t h
e r e

l
a
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ifQco。
1
5

k
n o

w n
.

C
o c o u

ld b
e c a

l
c u

l
a

t
e

d fr
o

m ( 2 5 )
a n

d
(
2 6

)
b y

u s
i
n

g
o

b
s e

rv
e

d
a n n u a

l p
r e c

ip i t
a

t i
o n r a

t
e

,
a n

d

t h
e

d i
s

t
r

i b
u

t i
o n o

f t
r o

P i
c a

l P
r e e

i P i t
a

t i
o n e o u

l d b
e s

i m
u

l
a

t
e

d b y a

dj

u s
t i

n
g 种

.
SuPPosingthatthe

latentheatrelease15realized by both shallow convection and deeP eonveetion ,
a n

d t h
e r a

t i
o

1
5

8
:
7

,

w
e e a n a

d
a

P t t h
e

P
a r a

m
e

t
e r s

l i
s

t
e

d i
n

T
a

b l
e

1

.

T
a

b le 1

.

P
a r a

m
e t e r s

fo
r

D
e e

P
a n

d S h
a

l l
o

w C
o n v e e t i

o n s

ppppp
t

(
h P

a

)))
P

I

(
h P

a
))) P

Z
( h P

a

)))
P

b

(
h P

a

))) Pr ( m / y
e a r

)))

DDD
e e

P C
o n v e e t i

o nnn
1 0 000 2 0 000 3 0 000 5 0 000 0

.

888

SSS h
a

l l
o

w C
o n v e e t i

o nnn
5 0 000 8 0 000 8 5 000 9 0 000 0 777

T
o

m
o

d
e

l w i
n

t
e r s

i t
u a

t i
o n

,

t
a

k
e 中。= 6

0
5

,

咖 = 30 in Eq
.
(24)

.
By substituting the above

Param etersinto (23)and (24)
,

t h
e

d i
s t

r
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u
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f d i

a
b

a
t i

e
h

e a t i
n

g e a n
b

e o
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a
i

n e
d

,
a n

d t h
e s

i m
u

-

l
a t

e
d M M C 1

5 s
h

o w
n

i
n

F i g

.

3

.

C
u

m
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l
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t i
o n
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t m
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i d i
o n a

l
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i d
e s o

f t h
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.

3
a
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.

H
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,

t h
e e
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u

l
a t i

o n o n
t h

e s o u t h
s

i d
e

1
5

w
e a

k
e r a n

d t h
e
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n t e r

1
5 n e a r

2 5 0 h P
a

: w h
e r e a s t h
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o n

t h
e n o r

t h
s

i d
e

1
5 s

t
r o n

g
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d t h
e
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r e e
d

n e a r

, quato r eireulation centers a re at 250 hPa and 550 hPa w ith intensities o f 13 x 103 and 11
x 103 kg s一 3

,

re
s
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v e
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.
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e e

i
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l
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o n
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r e e
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d
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g
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,

t h
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i d i
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l
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i
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o n
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d
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i
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e e u
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.
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)

1
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3
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.
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i
n
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.

3 w i t h F i g

.

2
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o n e e a n c o n c
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u

d
e

t h
a

t t h
e

h
e a
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n

g

r a t e
d

e s e r
i b

e
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e
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e t e r
i
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o n s e
h

e
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e
i

n
E q

s
.

(
2 3

)

a n
d ( 2 4

)

c a n
m

o
d

e
l t h

e z o n a
l m

e a n

he

a t i
n

g
o

f t h
e a

t m
o s

P h
e r e

q
u

i t e w
e

l l
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d t h
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M M C
s
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d b y t h

e
m

a r e v e r
y

s
i m i l

a r
t

o e a c
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o t h
e r

.
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d
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i
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o n s e
h

e
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d

e n s a t i
o n
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o n

h
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.

T h
e e o n t o u r

i
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l 1
5

2
x
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a
) M M c

e x e
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e
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M M C
e x e
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e
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o
i
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d
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o n
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e a t i
n

g

.

h
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(
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d
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h
e a t i

n
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o
f

r a
d i

a
-

a n
d

(
b

)



,

t h
u s r e s u

l t i
n

g i
n

t h
e

d
e v e

l
o

P m
e n

t
o

f d i
s

t u r
b

a n
ce

o
f b

a r o t
r o

P i
e a n

d b
a r o c

l i
n

i
e

i
n s

t a
-

b i l i t y

.

I
n a

d d i t i
o n

,

t o P
o

g
r a P h y a n

d t h
e t h

e r
m

a
l

e o n t r a s t b
e t w e e n o e e a n a n

d l
a n

d
e a n a

l
s o e x e

i t
e

a
t m

o s
P h

e r
i
e

d i
s

t
u r

b
a n c e s

.

T h
e

d
e v e

l
o

P m
e n

t
o

f d i
s

t
u r

b
a n

ee
c a n e

ffi
c

i
e n

t l y
r e

d
u c e

t h
e

t e
m P

e r a
-

t u r e
d i

ffe

r e n

ee b
e

t w
e e n n o r

t h
a n

d
s o u

t h

.

T h
e e

d d y t
r a n s

fe
r o

f m
o

m
e n t

u
m

a n
d h

e a
t

e a n
d

e s t
r o

y

t h
e a

t m
o s

P h
e r

i
c

g
e o s

t
r o

P h i
c a n

d h y d
r o s

t
a

t i
e

b
a

l
a n e e s

.

T h
e r e

fo re

,
a

g
e o s

t
r o

P h i
e s e e o n

d
a r

y
e

i
r e u

-

l
a

ti
o n

1
5 e

xc i te d
5 0 a s

to
e s

t a
b l i

s
h

a n e w a

tm

o

sP h
e r

i
e

b
a

l
a n

ee
s t a

te ( E
a

d y

,

1 9 5 0 ; G
r

ee
n

,

1 9 7 0
)

.

T
o a n a

l y
s e

t h
e

fo

r c
i

n g
e

ffe

e
t o

f
e

d d y t r a n s
fe

r o n
M M C

,

w e
i

n
t

r o
d

u

ee ( Fl
+ 几)

an d (H , + 从)from

W u and Liu (1987)into Eq
.
(22)

.
Theealeulated M M C 15show n in Fig

.
4
.
Theinternalm om en

-

tum fo reing and therm
alfo rcing resPeetively exeite thre e戈elleirc ulation in both the N orthern

and Southern H em isPheres
.
In general,
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