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A ST U D Y O F T H E E FF E C T O F G R A V IT Y W A V E B R E A K IN G
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’

Ga
。 S人o u tin g (高守亭)

L APC
,

In s titu te o f A t

mo
s ph e r ie Ph y sies C hin e s e A e a d e m y o 蛋S e ie n e es Be ijin g 1 0 0 0 2 9

a n d L iu K u n r u (刘坤儒)

X u z h o u C o lle g e o f E d u e a t io n
.

X u z ho u 2 2 1 0 0 6

R e e e iv e d N o v e m b e r 15
,

199 7 : r e v ise d A Pr il 2 5 1 9 9 8

A B S T R A C T

M
e F a r lin e ’5 g ra v ity d r a g t he o ry 15 s im p ly r e v ie w ed

,
a n d it 15 in d ie a te d th a t th e fa u lt o f

M
e F a r lin e ’5 th e o ry 15 th a t th e e ffe e t o f dis sip a t io n in d u e ed b y g ra v ity w a v e b re a kin g o n m e a n flo w

15 n o t fu lly e o n sid e r e d
.

Ba
s e d o n M

eFa r lin e ’5 th e o r y in this p a p e r th e e ffe e t m e n t io n e d a b o v e 15

w e ll e o n sid e re d
.

A n e w d is s ip a tio n e o e ffie ie n t D 15 e a lc u la te d
,

a n d a r e la tiv e ly e o m Ple te

p a r a

me
te r i: e d se h e m e o f th e in flu e n e e o f g r a v ity w av e b r e a kin g o n m e a n flo w 15 p u t fo rw a rd h e re

.

T his 15 a b e tte r p a ra m e t e riz e d s eh e

me
t ha n M

eFa r lin e ’5 if it 15 u s e d in G CM
.

Key w o r d s : m id dle a tm o s ph e r e
,

w a v e b r e a k in g d is s ip a tio n e ffe e t w a v e d r a g p a r a m e te r iz a tio n

1
.

IN T R O D U C T ION

Fr o m th e d is t r ibu tio n o f th e t e m p e r a t u r e in the m id d le a tm o sPhe r e (Fig
.

1
,

M u
rg

e t r o yd 1 9 6 9 )
,

w h ieh 15 o b t a in e d fr o m o bs e r v a t io n s
,

it 15 k n o w n th a t a t a b o u t 5 0 k m

h eig h t in the a tm o s phe r e
,

th e r e 15 a n o bv io u s r e v e r s e t e m p e r a t u r e g r a d ie n t
.

It 15 e le a r th a t

the d e p a r t u r e fr o m r a d ia tiv e e q u ilib r iu m o e e u r s in th a t a r e a
.

In th e s p e e ia l e a s e
,

the

t em p e r a t u r e o v e r th e n o r th p o le e a n b e 7 0 一 8 0
o

C h ig h e r tha n o v e r th e e q u a to r
.

W h a t k in d

o f e a u s e m a y fo rm this p h e n o m e n o n ? It m a y be in fe r r e d th a t b e sid e s ph o t o e he m ie a l

r e a e tio n
,

th e r e 15 th e dy n am ie p r o c e s s w h ieh p r o m o te s the fo r m a tio n o f th e r e v er s e

t e m p e r a t u r e g r a d ie n t
.

T h is d yn a m ie p r o e e s s 15 a dia b a tie a s e e n d in g a n d a d ia ba tie d e s e e n d in g m o tio n
.

If u p t o

5 0 o b v io u s , ev e r s e te m p e r a t u r e g r a d ie n t
,

th e v e r tie a l m o tio n w ith 1
.

5 e m s 一 ’ sPe e d 15

n e e e s s a r y in dy n a m ie s
.

A e e o r d in g t o e o n t in u ity d e m a n d
,

the m e r id io n a l v e lo e ity

e o m p o n e n t w ith a bo u t 5 m s 一 ‘15 n e e d e d
.

In t e rm s o f the fu n e tio n o fCo
r io lis fo r e e to r q u e

,

a s u r p r is e d z o n a lw in d a e e e le r a t io n e a n be a p p r o a e h e d u p to 5 0 m s 一 ’
d
一 ‘

.

B u t
,

in fa e t
.

the

a tm o s p h e r ie w in d d is t r ibu t io n o bt a in ed fr o m o b s e r v a t io n 15 m u e h sm alle r tha n the a b o v e

e a le u la tio n
.

T he r e fo r e
,

it m u s t be e o n sid e r e d th a t th e r e 15 a m u eh s t r o n g e r z o n a l d r a g

fo r e e
.

O the rw is e
,

it 15 n o t s a t isfie d in ba la n e in g the the r m al a n d m o m e n t u m b u d g e t s in the

m id dle a tm o sPhe r e
.

· T his 贾or k w a s s uPPo r te d by th e N a tio n a l N a tu ra l S e ie n e e Fo u n d a t io n o f Chin a u n d e r G r a n t

N o
.

4 9 67 525 7
.
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0
.

3
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5 0

(日之主钾
。
工

4 0

,人八j

�
尺
d上�

3 0
0, .孟
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2 0 0

30 0

5 0 0

7 0 0
10 0 0

1 0

9 0
0
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Fig
.

1
.

T h e v e r t ie a l d is t r ib u t io n o f a tm o s p h e r i。 p o te n t i a l t e m p e r a t u r e (f r o m M
u r g a t r o 州 1 9 69 )

.

T h is 15 w h y R a yle ig h d ra g m u s t b e p u t in if m o d e llin g s im u la te s th e r e a l w in d

d is t r ib u t io n in th e m id d le a t m o s ph e re
.

T h is d r a g e ffe e t m a y b e dy n a m ie a lly r e fe r r e d to

g r a v it y w a v e o r R o s s b y w a v e br e a k in g
.

11
.

M
eFA R L A N E

, 5 T H E O R Y A BOU T G R A V I T Y W A V E D R AG

A n im p o rt a n t fe a tu r e o f t h e g r a v it y w a v e p r o p a g a t io n 15 t h a t th e m o m e n t u m flu x fr o m

s o u r e e m a y b e e a r r ie d o u t by g r a v it y w a v e u p t o m id d le a t m o s p he r e
.

I n t he g r a v it y w a ve

br e a kin g r e g io n
,

t h e m o m e n t u m flu x e a r r i e d o u t by g r a v ity w a v e 15 d is s ip a t e d
,

a n d it

in flu e n e e s m id d le a t m o s p he r e in fo r m o f g r a v it y w a v e d ra g
.

M a n y m e t e o r o lo g is t s ha v e

s t u d ie d g r a v it y w a v e p he n o m e n a in t he p a s t (e
.

9
.

Ho lt o n 1 9 8 2 ; L in d z e n 1 9 8 1 : Fr it t s

1 9 8 4 ; M a t s u n o 1 9 8 2 )
.

R e a d e r s e a n s e e m a n y r e fe r e n e e s in v o lv e d if t he y a r e in t e r e s t e d in

th is a s p e e t
.

I n t h is s e e t io n M e Fa r la n e ’5 g r a v it y w a v e d r a g t h e o r y (M e Fa r la n e 1 9 8 7 ) 15

in t r o d u e e d b r ie fly
,

b e e a u s e e u r r e n t ly M e Fa r la n e ’5 p a r am e te r iz e d s e he m e a bo u t g r a v it y

w a v e d r a g 15 ad o p te d in s o m e e lim a t e m o d e ls
,

s u e h a s CCM 2
.

S u PP o s e th a t t e r r a in d is t r ib u t io n 15 in th e fo r m

z = h e o s

脚
, 右 ( 1 )

w h e r e h 15 t he a m p lit u d e o f the o ro g r ap h ie p e r t u r ba t io n
.

T h e im p o r ta n t g r a v ity w a v e

Pr OP e r tle s m a y

in d u e e d by t h e

b e s u m m a r iz e d fo r a fix e d w a v e s o u r e e
,

a n d a s t e ad y g r a v it y w a v e m a y be

、.产、J厂今白八」Z‘、了、
、

te r r a in
.

T h e ba s ie e q u a t io n s

一 刁u

U 下万尸 州卜 乞之夕

口 工

e a n b e

J 材

J z

V V r ltt e n 8 5

a 汀

刁x
’

夕万
g一一

一汀Z刁�一一d

J u
.

I J
, 一

月二二十 万 万二 气夕切少
o 芯 尸 o 不

一 0
, ( 4 )
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CIR CU L A T IO N 4 8 1

一 a 8
.

J 刀
u 又尸一 十 w 育一 一 U

,

口 工 口 Z
(5 )

w h e r e 厅 15 th e E x n e r fu n e tio n
,

a n d 二 = ‘p P
o

00 (p / p
。) K + 9 2

,

the

z o n a l a v e r a g e
,

a n d u
,

v
,

w a r e p e r t u r ba t io n s d e p a r t e d fr o m a v e r a g e

夕一 夕+ 6.

o v e rb a r (一 ) in d ie a t e s

v a lu e
,

th u s 石= 石+ u
,

In o r d e r to s a tis fy e o n tin u ity eq u a t io n
,

th e fo llo w in g r e la tio n s a r e d e fin e d a s

、、声产、、2肉从U口I2.、了.、

_
.

_ 二 刁必
划口
— “ 二, 一

d X

U 二二二
l 刁

, 一 一
, 、

1
.

万二 LP u 甲)
尸 O 芯

.

a 歹
U - 一 沪不二

.

口 芯
(8 )

T h e bo t to m b o u n d a r y e o n d it io n 15

必(x
, 0 ) = h e o s

脚
.

S u bs tit u t in g E q s
.

(6 ) 一 (8 ) in t o (2 ) 一 (5 ) o bt a in s

叙书黔川
十 N

Z

‘一 0 ,

(9 )

(1 0 )

w h e r e N
Z
= (g / 子)「a 夕/ a

z
〕

.

H e r e o n ly w a v e p ha s e eh a n g e s w it h he ig ht
.

Be
e a u s e g r a v ity

w a v e 15 s t e a d y
,

a n d s o u r e e o f g r a v ity w a v e 15 fix e d
,

w e h a v e

, (·
,
X ) 一 , (· )。。·

[、
+

{:
* (一 ,‘一

」
·

(1 1 )

Su b s tit u t in g (1 1 ) in t o (1 0 )

N 2

石
2

,

w e g e t

.

八厂1 d
ZA 〕

一 少 十 U { - 不 下一了 }
L入 Q 之一

J
一 O

,

(1 2 )

2塑 + A

a Z

厂 l d
, 二 一

,

门
[而寻 而

L甲
“”」一

0
.

(1 3 )

F r o m E q s
.

(1 2 ) a n d (1 3 )
,

the le a d in g
一 o r d e r a p p r o x im a tio n m a y b e o b t a in e d

(14 )
N�u

一一沪

( 1 5 )
�月

.

lJee八7�封O�
.舌一“�P

0N0
一
P(

户!IL
hA 一

T h e m e a n v e r t ie a l m o m e n t u m flu x fo r t h e w a v e m a y b e d e fin e d a s

_
1 「

, / L 二 。

T
一 下 ! 脚‘w Q x ,

孟 J J 一 之/ L

( 1 6 )

w h e r e t h e le n g t h s e a le L e n e o m p a s s e s a t le a s t o n e h o r iz o n ta l w a v e le n g t h o f t he w a v e
.

Su b s t it u t in g E q
.

( 6 ) a n d (7 ) in t o ( 1 6 )
,

w e o b ta in

_ _
_

琳
2

‘ 沪心各

—
一 闷
二

目

一

Z
P( 0 )N ( 0 ) u ( 0 )

.

e x P爬s s lo n

d is s iPa tio n

15 in d e Pe n d e n t

Pr 0 C e S S e S a r e

o f h e ig h t
,

a s e x p e e t e d
,

bu t 15 n o t v a lid in r e g io n s

im Po r ta n t
,

s u e h a s in s a t u r a t io n la y e r
.

W h e n th e

p r o p a g a t io n m e e t s a s a t u r a t io n la ye r
,

刁夕/ J z
镇 0 w ill o e e u r a n d g r a v it y w a v e w ill b r e a k

.

In v o k in g E q
.

(8 )
,

w e ha v e

具(。+ 。) 一
少(: 一 掣卜 , f契 }簇

。
.

口 z 口 z 、 口 z / 、口 z 一 /
( 1 8 )

T he la s t t e r m in t his e x p r e s s io n 15 u s u a lly n e g lig ible
,

( 1 8 ) m a y b e w r itt e n a s

、
、、
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1 2

g(1
一

刹
簇 。

( 1 9 )

Be
e a u s e t h e m e a n p o t e n t ia l te m p e r a t u r e in e r e a s e s w it h h e ig ht

,

t h e w a v e br e a k in g w ill

o e e u r in r e g io n s w he r e t he v e r t i e a l g r a d i e n t in t h e s t r e a m lin e d is p la e e m e n t e x e e e d s u n ity
.

I t m e a n s a 中/ a z > 1
,

a n d t his Co n d it io n e a n b e e x p r e s s e d a s

F (· )·‘n 〔、 +

{:
, 一 ) d一〕< ‘

,

( 2 0 )

w h e r e F (z ) = N八/ 石{[户(o )N ( 0 )云(o )习/仁户N云」}
’‘2 15 t he lo e a l Fr o u d e n u m b e r

.

I n th e s a t u r a t io n r e g io n
,

t he a m p lit u d e o f g r a v it y w a v e 15 r e d u e e d b e e a u s e o f w a v e

b r e a kin g
.

I f D in d ie a t e s a tt e n u a t io n e o e ffie ie n t a n d it 15 a q u a n t it y t o b e d e t e r m in e d
,

t he n

w e h a v e -

,
1
一 , 一p仁一

芡
D (一 ) d一〕

,

一
( 。)一p 〔一 2

且
D (一 ) d一〕

·

( 2 1 )

( 2 2 )

T h e r e fo r e
,

F (z ) m a y b e w r itt e n a s

F (· )一p〔一

{;
D (一 ) d一〕、 1

·

( 2 3 )

I n o r d e r to s a t isfy ( 2 3 )
,

D (z ) m a y b e e ho s e n a s

D ( z ) ( 2 4 )丝dz’1一F
一一

B y u t iliz in g (2 2 ) a n d (2 4 )
,

w e h a v e

r -
丛卫2 _ _ 州 亘些星]

_

F 艺
2 ( N J

’ ( 2 5 )

I n v o k in g th e av e r a g e d m o m e n t u m e q u a t io n
,

t he m e a n flo w e ha n g e in t h e s e e ir e u m s t a n e e s

15 g iv e n by
叫

J u

刁t

T h is 15 M e F a r la n e ’5 b a s ic

m e a n flo w a e e e le r a t io n
.

1 刁r

P J z

一 粤骥ma
x

「些华旦
,

。1
.

乙 JV L d z J
( 2 6 )

id e a o f g r a v it y w a v e d r a g a n d t he p a r am e t e r iz e d s e he m e a bo u t

111
.

T H E R E V IS IO N O F M e FA R L A N E
, 5 T H E O R Y A BO U T G R A V I T Y W A V E D R A G

In S e e t io n 11
,

M e Fa r la n e ’5 g r a v ity w a v e d r a g t he o r y 15 in tr o d u e e d br i e fly
.

A e e o r d in g

t o h is t he o r y
,

b e fo r e g r a v it y w a v e b r e a k in g
,

th e w a v e m o m e n tu m flu x e a r r ie d by g r a v it y

w a v e p r o p a g a t io n 15 in d e p e n d e n t o f he ig h t u n d e r t he e o n d it io n o f n o n 一
d is s ip a t io n

.

W h e n

g r a v it y w a v e p r o p a g a t io n m e e t s a s a t u r a t io n la ye r
,

t h e w a v e m o m e n t u m flu x w ill b e

r e d u e e d
.

T h o u g h M e Fa r la n e g a v e a r e a s o n a b le p a r a m e te r iz e d s e he m e a bo u t t he e ffe e t o f

w a v 。 m o m e

杀
u m flu x 。n m e a n flo w 。e e e le r a t io n

,

h e d ia n o t 。o n s ia e r t h。 10 5 。 。ffe e : 。f

w a v e m o m e n t u m flu x in d u e e d b y w a v e b r e a k in g o n m e a n flo w a e e e le r a tio n
,

a n d t he 10 5 5 o f

w a v e m o m e n t u m flu x w ill p r o d u e e d is s ip a t io n
.

T h e d is s ip a tio n e ffe e t 15 a ls o v e r y im p o r ta n t in t he a s p e e t o f in flu e n e e o n m e a n flo w

a e e e le r a t io n
.

F r o m t h e v ie w P o in t o f m o m e n t u m e o n s e r v a t io n
,

t he w a v e m o m e n t u m flu x e a r r ie d b y

g r a v it y w a v e p ro p a g a tio n 15 r e d u e e d a s g r a v it y w a v e g o e s u p t o s a t u r a t io n r e g io n
.

W h e r e
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d o e s the r e d u e ed p a r t o f the w a v e m o m e n t u m 9 0 to ? W h e the r o r n o t d o e s the r e d u e ed p a r t

o f w a v e

mo me
n t u m a ls o in flu e n e e m e a n flo w ? It 15 w o r t h w h ile e o n sid e r in g a n d s t u d y in g

t he p r o b le m
.

In th is s e e tio n
,

th e ta r g e t 15 m a d e fo r e o m p e n s a tin g the fa u lt o f M e Fa r la n e ’5 th e o r y
,

a n d a r e v is ed p a r a m e t e r iz ed s e he m e o f g r a v ity w a v e d r a g 15 p o in te d o u t
.

In th e w a v e b r e a k in g r e g io n
,

the d is sip a tio n in d u e e d by w a v e br e a k in g o e e u r s
.

U n d e r

th e s ig n ifie a n e e o f d iffe r e n tia t io n
,

d is s ip a tiv e e ffe e t le a d s t o fu ll m ix in g
.

T he r e fo r e
,

m e a n

flo w in the s a t u r a tio n r e g io n m a y be e o n sid e r e d a s in d e p e n d e n e e o f 2 u n d e r the s ig n ifie a n e e

o f d iffe r e n tia tio n
.

T h is 15 a b e t te r a p p r o x im a t io n
.

B e e a u s e o f fu ll m ix in g a s s u m p tio n u n d e r

th e s ig n ifie a n e e o f d iffe r e n tia tio n ,

th e a ir d e n s ity v a r ia tio n 15 o n ly a little b it w ith h e ig h t
.

T h e r efo r e in th e s a t u r a tio n r e g io n E q
.

(1 0 ) m a y be a p r o x im a t iv e ly w r itt e n a s

一
。

刁知
u z

壬共 + N
z
必 = 0

.

(2 7 )
口z ‘ ’ 一 丁

一
、
一

, ,

D iffe r e n tia tin g (2 7 ) w ith r e s p e e t t o x
,

a n d in v o k in g (6 )
,

w e h a v e

w
: :

+

纂
W

0 (2 8 )

F r o m (2 8 )
,

W m a y be ex p r es s e d a s

W -

S u b s tit u tin g (2 9 ) in t o (2 8 )
,

a n d fr o m

w e ha v e

A e ‘(乏二 + 加念 )
.

(2 9 )

kn o w le d g e tha t w a v e n u m be r m u s t b e p o s it iv e
,

甲(z )
.

In the s a t u r a t io n r e g io n
,

th e 10 5 5 o f w a v e m o m e n t u m flu x

diss ip a tio n
,

a n d th is d is sip a tio n m a y be w r it t e n a s

(3 0 )

15 t r a n sfe r r ed in t o fr ie t io n a l

一一
N�u

一一m

~ a Z
{u }

刀
万 }。}一 ( 3 1 )

T h e t he r m o dy n a m ie e q u a t io n m a y b e w r it te n a s

ik 动 + w氏 - ( 3 2 )

D iffe r e n t ia tin g ( 3 2 ) w it h r e s p e e t to Z
,

th e le a d in g
一 o r d e r a p p r o x im a t io n 15

( ik石 + m
,
D )氏 + i m 氏w + w 氏

:

= 0
.

( 3 3 )

By u tiliz in g (4 ) a n d (5 )
,

a s a fir s t
一 o r d e r aPP r o x lm a t lo n

,

w e

m w氏
k u

t he ir r e al Pa r t a n d

h a v e

0
:

~ ( 3 4 )

S u bs t it u t in g (3 4 ) in t o ( 3 3 ) a n d le t t in g

r e s p e e t iv e ly
,

w e g e t

im a g in a r y p a r t e q u a liz e

w + w氏
二

= 0
,

十 im 氏w 一 0.

( 3 5 )

( 3 6 )

F r o m ( 3 5 )
,

w e o bt a in

D -
k 万氏

:

m
,

氏
‘ ( 3 7 )

S u b s t it u t in g (3 0 ) in t o (3 7 )
,

w e e a n fin d

D -
k云

4

民
z

N
3

夕
r ( 3 8 )
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1 2

w h ie h 15 a p a r am e t e r iz e d e x p r e s sio n o f d is sip a tiv e e o e ffie ie n t D
.

T h e v a r ia tio n o f z o n a l

m e a n v e lo e ity e o m p o n e n t in d u e e d by d is sip a t io n m a y be w r itt e n a s

J 云 _ a 蔽

丽 幻 刀刃
, (3 9 )

w h er e 应= 石+ u
.

A e e o r d in g t o the ab o v e a s s u m p t io n s
,

E x p r e s s io n (3 9 ) m ay b e w r itt e n a s

a 在 _ 挤云
.

_ 护 u 。
_

毛牛一 D 壬共 + D 三共 - 一 m
Z
D u.

日t 一 口z 乙
’

一 刁z ‘ -
-

In t e rm s o f the a v e r a g ed d iffe r e n e e be tw e e n o b s e r v a t io n a l

w in d
,

th e fo llo w in g p a r a m e t e r iz ed s eh e m e

(4 0 )

z o n al w in d a n d m e a n z o n al

} l _ 1 1一

} U } 二‘吕 一二- }“
3

’
(4 1 )

15 u s e d
.

Fo r w e s t w in d Pe r t u r ba tio n u > 0
,

(4 0 ) m a y b e w r it te n a s

J 材

刁t

F o r e a s t w in d P e r t u r b a tio n

日

- 一 m ZD “ ~
m ZD } 介 }

- - 二 , - l “ l 二二二二

3
”

N
Z _ 一

一
: 一二
刀U

。

3祝
‘

(4 2 )

u ( 0
,

U

(4 0 ) m a y b e w r itt e n a s

a t

F o r z o n a l a v e r a g ed s itu a t io n
,

习V e

m ZD u

ha v e

a 赵

子t

一

窄 }‘

一器Da.

一纂厉
·

(4 3 )

(4 4 )

F in a lly
,

a e o m p le t e p a r a m e t e r ize d s e he m e m a y be e x p r e s s e d a s

a 石 1 一百万
.

~ 孑石
二, 丁 - 一 一 二厂- 十

月

刀 二- 花 -
d t P d 2 d z “

k 石
3 「

,

1In F
Z
I

_

门 k石
,

又
一 万 万m ax [

“

(豆牙 )
’
。

」一
心

亦而
· (4 5 )

IV
.

CON CL U S IO N

T h e g r a v ity w a v e b r e a kin g 15 o n e o f im p o r ta n t fa e to r s th a t im p a e t the m id dle

a tm o sPh e r ie c ir e u la tio n
.

H o w g r a v ity w a v e a r a g i, p a r a m e te r iz e d 15 a ho t : e
盆
e a r eh , u bje e t in th e m o d e r n

n u m e r ie a l m o d e lin g
.

T h e m a in p r o ble m w h ie h r e m a in s in M eF a r la n e ’5 th e o ry 15 p r o be d

a n d s o lv e d in this p a p e r
,

a n d a b e t t e r p a r a m e t e r iz e d s eh em e o f g r a v ity w a v e d r a g 15 g iv e n

h e r e fo r G CM u s e
.

B u t a s a m u e h be t t er p a r a m e t e r iz ed s e he m e
,

it 15 n e e e s s a ry t o e o n sid e r

n o n
一 s te a dy p r o p a g a tio n o f g r a v ity w a v e a n d o the r fa e to r s

.

A r e la tiv ely e o m p le t e

p a r a m e t e r iz ed s eh e m e w ill b e g iv e n in a n o th e r p ap e r
.

H e r e o n ly M e Fa r la n e , s

p a r a m e t e r iz ed s e he m e o f g r a v ity w a v e d r a g 15 im p r o v ed
.

A r e v is ed p a r a m e t e r iz e d s eh em e

ha s a sim p le fo r m a n d m ay b e u s e d in G CM
.

Fin a lly
,

w e m u s t m e n tio n tha t be e a u s e m a the m a tie m o d el 15 s im p le
,

th e r e s u lts

o bt a in e d fr o m the m o d e l s till ha v e s o m e fa u lt s
.

It n e e d s t o be im p r o v e d in the fu t u r e
.

R EFE R E N CE S

F r itts
,

D
.

C
.

(1 9 8 4 )
,

G r a v ity

o b s e rv a tio n s
,

R ev
.

Ge oP勿
5

.

w a v e s a t u r a tio n in th e m id dle a tm o s p he r e : A r e v ie w o f th eo r y a n d

SP
a c e P hy

s
. ,

2 2 : 2 7 5 一 3 0 8
.
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C IR C U L A T IO N 4 8 5

H o lto n
,

J
.

R
.

(1 9 8 2)
,

T he r o le o f g r a v ity w a v e 一 in d u e e d d ra g a n d d iffu s io n in th e m o m e n t u m b u d g e t o f

th e m e s o s Ph e re J
.

A t悦0 5
.

S c i
. ,

39 : 7 9 1一 79 9
.

L in d z e n
,

R
.

5
.

(1 9 8 1 )
,

T u r b u le n e e a n d s t re s s d u e to g ra v it y w a v e a n d tid a l b re a k d o w n
,

J
.

Ge oP勿
:

.

双己5
. ,

8 6 : 9 70 7
.

M
a ts u n o

,

T
.

(19 8 2)
,

A q u a s i
一o n e 一

dim e n s io n a l m o d e l o f th e m id dle a tm o s ph e r ie e ir e u la tio n in te ra e t in g

w ith in te rn a l g ra v ity w a v e s
,

J
.

材云t
e

oro l
,

S o c
.

JaP
a n

,

60
: 21 5

.

M
e Fa r la n e

,

N
.

A
.

(19 8 7 ) T h e e ffe e t o f o r o g ra p hie a lly e x e ite d g ra v ity w a v e d r a g o n th e g e n e ra l

e ire u la tio n o f th e lo w e r st r a to s Ph e r e a n d t r o Po s Ph e r e J
.

A tm o s
.

S c i
.

4 4 : 17 76 一 1 8 0 0
.

M
u r g a tr o y d R

.

J
.

(1 96 9)
,

T h e s tr u e tu r e a n d d yn a m ies o f the s t r a to sp h e re
,

in Th
e

Gl ob
a l C irc o la tio ” of

the A tm o ‘P灿‘
e

,
e d it ed b y G

.

A
.

C o r b y
,

p
.

1 59
,

R o ya l M
e te o ro lo g ie a lSo

e ie ty
,

L o n d o n
.


