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C A U SE D B Y G E O ST R O PH IC A D JU ST M E N T
’

W
a n g Y u

nfe
n g (王云峰) a n d W u 尺o n g sh e n g (伍荣生 )

L a bo r a t o r y o f M
es o s e a le Se v e re

W
e a th e r a n d D e P a r tm e n t o f A tm o s Ph er ie S e ie n ee s

N a n jin g U n iv e rs ity
,

N a n jin g 2 1 0 0 9 3

R e ee iv e d Ju n e 2 3 1 9 9 7 ; r e v is e d A P ril s
,

1 9 9 8

A B S T R A C T

A u n ifo rm in v ise id
.

in e o m Pr e ss ible flu id in a tw o 一

d im e n s io n a l p la n e (x
,

z ) 15 e o n s id e r e d
.

T h r e e p r in e ip le s : e o n se r v a tio n o f p o te n tia l v o r tie it y e o n se r v a t io n o f a b s o lu t e m o m e n t u m
,

a n d

e o n s e rv at io n o f m a s s a r e u se d fo r t his s tu d y
.

If th e in itia l m a s , fie ld a n d the in itia l w in d fie ld d o

n o t s a tis fy g e o s tr o p h ie ba la n ee
,

th e n th r o u g h g e o s t r o ph ie a d j
u st m e n t u n d e r s u it a b le eo n ditio n s

th e fr o n t o g e n es is w ill fin a lly o ee u r
.

O u r w o r k p o in ts o u t th a t t旋 in itia l de n s it y d is t r ib u tio n g r e a tly

in flu e n ee s t he fr o n ta l fea tu r e s
.

If t he s t r a tifiea t io n in e o ld a ir 15 t h e s a m e a s tha t in w a r m a ir
,

tw o

fr o n t o g e n e s e s w ill o e e u r a t t o p 巨
n d bo t t o m bo u n d a rie s r e s p e e tiv e ly

.

If t he st ra tifie a tio n in e o ld a ir

15 la r g e r th a n th a t in w a r m a ir
,

t he fr o n t o g e n e s is a t t h e b o t t o m bo u n d a ry still e x ist s
,

bu t th e o th e r

a t th e to P bo u n d a ry d is a PPe a r s
.

T h is r es u lt m a ke s u s fu r th er u n d e r s ta n d th e m e e h a n is m o f t he

fr o n to g e n e s is in th e re a l a tm o sPh e r e
.

K e y w o rd s : m e s o s e a le w e a th e r
,

g e o s t r o ph ie a d j
u s tm e n t fr o n to g e n e s is

1
.

B A S IC EQ U A T IO N S A N D N U 对E R ICA L M E T H O D S

In th e r o ta t in g e a r th
,

w h e n th e in itia l m a s s field a n d th e in it ia l w in d field d o n o t

s a t is fy g e o s t r o p h ie b性la n e e
,

th e n thr o u g h g e o s tr o p h ie ad ju s tm e n t
,

the s e tw o field s w ill

fin a lly e o m e t o g e o s t r o p h ie b a la n e e
.

R o s s by (1 9 3 7 ; 1 9 3 8 )
,

O u (1 9 8 4 ; 1 9 8 6 )
,

V a n H e ijs t

(1 9 8 5 )
,

M e
w illia m s (1 9 8 8 ) a n d G le n d e n in g (1 9 9 3 ) e t a l

.

s t u d ie d th e p r o ble m o f

g e o s t r o p hie a dju s tm e n t in the a tm o s p h e r e a n d o e e a n s
,

a n d r ela t e d th e a d ju s t m e n t w ith the

fr o n to g e n e s is
.

W
u a n d Blu m e n (1 9 9 5 )

,

Blu m e n a n d W
u (1 9 9 5 ) s t u d ied th e fr o n t o g e n e sis

a n d th e a diu s tm e n t p r o b le m w ith the z e r o p o t e n tial v o r t ie ity flo w a n d th e u n ifo r m p o te n tia l

v o r tie ity flo w
.

T h e y p o in t ed o u t th a t if th e in it ia l m a s s fie ld a n d th e in it ia l w in d field d o

n o t s a t isfy g e o s t r o p h ie b a la n e e
,

thr o u g h g e o s t r o p h ie a dju s t m e n t
,

fr o n t w ill fo r m
,

a n d the

fr o n to g e n e s is d e p e n d s o n th e s p a t ia l s e a le
.

A ll a b o v e r e s e a r e he s s u p p o s e d th a t the

s t r a t ifie a t io n in e o ld a ir w a s the s a m e a s th a t in w a r m a ir
.

H o w e v e r
,

th e t e m P e r a t u r e laP s e

r a t e 了 15 n o t a e o n s t a n t in the r e a l a tm o s p h e r e a n d th e s t r a tifie a tio n in e o ld a ir w a s la r g e r

T h is w o rk 10 su p p o r te d fin a n eia lly u n d e r t he P r o j
e e t (4 9 6 7 52 5 9 ) b y th e N a tio n a l N a t u r a l S e ie n e e

Fo u n d a tio n o f Ch in a
.
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th a n th a t in w a r m a ir
.

W ha t w ill it b e if y 15 n o t a e o n s t a n t ? Ir 15 a p ro ble m o f Pr a e t ie a l

s ig n ifie a n e e a n d w ill b e s t u d ie d in th is p a p e r
.

T h e b a s ie e q u a tio n s a r e : e o n s e r v a tio n o f p o te n tia l v o r tie it y
,

e o n s e r v a t io n o f a bs o lu t e

m o m e n tu m
,

a n d e o n s e r v a t io n o f m a s s
.

D e t a ils e a n be fo u n d in Bl u m e n a n d W
u

v一f+X一一In tr o d u ein g g e o s t r o p h ie m o m e n tu m e o o r d in a t e s X a n d Z 一 z

(1 9 9 5 )
.

(H o sk in s

1 9 7 5 )
,

a n d a p p lyin g th e m e th o d o f n o n d im e n sio n
,

th e s e e o n s e r v a t io n e q u a t io n s e a n

r e V 7 T lt te n a s

b e

、JI、.户,nI乙了
百、Z叮、

_

_
_

_ f
,

a v
{
一 ‘ 刁尸

、一 , 。 一 (
‘ 一 双 / 元

’

X ~ X
。

,

a n d

P (X
,

Z ) = P。 (X
。 ,

Z
。)

,

(3 )

w h e r e 叮0
15 the in it ial p o t e n t ia l v o r tie ity

,

9 the fin a l p o te n t ia lv o r tie ity
,

v the fin a lv elo e ity
,

尸。 th e in it ia l d e n s ity
,

a n d P the fin al d e n sity
.

If the in it ial m a s s fie ld a n d th e in it ia l w in d

fie ld d o n o t s a t isfy g e o s t r o p h ie b a la n e e
,

th r o u g h g e o s tr o p h ie a diu s tm e n t
,

the fin a l s ta t e 15

e h a r a e t e r iz e d by th e r m a l w in d b a la n e e
,

w h ie h m a y be e x p r e s s e d a s

日P

日X
’ (4 )一一

V一Z刁
一夕

E q u a t io n s (1) a n d (4 ) a r e a e lo s e d s e t fo r v a r ia b le s P a n d v if 叮 15 g iv e n
.

B lu m e n a n d W
u

(1 9 9 5 ) s t u d ie d e a s e s w ith the z e r o p o te n t ia l v o r tie ity a n d the u n ifo r m P o t e n t ia l v o r tie ity
,

a n d th e p r e s e n t w o r k 15 t o s t u d y a sim Ple e a s e o f n o n u n ifo r m p o t e n t ia l v o r tie ity
.

Fo r

s im p lie ity g 。 15 a s s u m e d to b e o n ly th e fu n e tio n o f X
.

E lim in a t in g 夕 o r v r e s p e e tiv ely fr o m

E q s
.

(1 ) a n d (4 )
,

w e e a n g e t

口加 刁 1 1 刁P { _
八

任胃二 一 ~
l二 云一冶 }一 0,

刁X
Z 日Z }g

。 刁Z )
a n d

(5 )

日与 1 /
,

刁v )日q 。 1 挤 v

二 , 石几 一 — } 1 一
三尸庵于 } 二代井 一 —

二丁共石 ~
U

。

J 人
“

q 。 ( J 人 ) d 人 q 。 d 乙
“

If th e in it ia l d e n s ity Po
,

th e in it ial v e lo e ity v 。
,

a n d the in it ia l p o te n t ia l v o t ie ity 9 0

(6 )

a r e

g iv e n
,

w ith a p p r o p r ia t e bo u n d a r y e o n d itio n s
,

E q s
.

(5 ) a n d (6 ) e a n b e s o lv e d b y the

m e tho d o f o v e r 一 r e la x a tio n
一

it e r a tio n
.

A伸lyin g the c o o r d in a te t r a n sfo r m a t io n
,

the s o lu tio n

in (x
, z ) s Pa e e e a n b e o b ta in e d fin a lly

.

T h e in it ia l d e n s ity d is tr ib u t io n 15 g iv e n a s

P
。

(x
。, z 。) 一 一 yz

。

+ P了(x
。)

,

(7 )

a n d

_ 丫万
P。 又工。) = 一 七 2

一万一 e r l 【a x o )
,

乙

(8 )

w h e r e y 一 y (x
。) 15 th e in itia l s t r a tifie a t io n Pa r a m e t e r

,

任
2 a n d a a re e o n s ta n t Pa r a m e t e r s

,

a n d e r f s t a n d s fo r e r r o r fu n e t io n
.

T he in it ial v e lo e ity d is t r ib u t io n s a t isfie s v o
= 0

.

S o lid b o u n d a r y e o n d it io n 15 a p p lied a t th e t o p a n d the b o t t o m
,

a n d w ith th e

e o n s e r v a t io n o f P
,

the n the in itia l d e n s ity fie ld s a tis fie s

P (X
,

0 ) = P
。
(X

。
,

0 )
,

(9)

a n d
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.

1 2

P (X
,

1) 一 P
。 (X

。
,

1 )
.

(1 0 )

If y = 1
,

this m e a n s tha t th e s t r a tifie a t io n in e o ld a ir 15 the s a m e a s tha t in w a r m a ir
.

玩 th is e a s e
,

叮。一一 1
,

th e p o te n tia l v o r t ie ity 15 u n ifo r m
.

U n d e r s u it a b le in it ia l e o n d itio n s

a n d a p p r o p r ia te b o u n d a r y e o n d itio n s
,

w e e a n g e t th e fin a l d is t r ibu t io n o f 户 a n d v b y

s o lv in g E q s
.

(5 ) a n d (6 )
.

If the in itia l s ta t e 15 n o t the g e o s t r o Phie ba la n e e s t a t e
,

th r o u g h

g e o s t r o p hie a diu s tm e n t
,

the r e a r e tw o fr o n t o g e n e s e s a t t o p a n d bo tt o m b o u n d a r ie s

r e sp e e t iv ely in th e d e n s ity fie ld
,

a n d th e r e a r e tw o v e lo e ity ie t s in th e w in d fie ld
.

O u r

n u m e r ie a l s o lu t io n s a r e th e s a m e a s th e a n a ly t ie a l s o lu t io n s g iv e n by Blu m e n a n d W
u

(1 9 9 5 )
.

T h e s e r e s u lt s a n d fig u r e s a r e n o t sh o w n h e r e fo r sim p lie ity
.

M a n y o b s e r v a t io n a l fa e t s sh o w th a t th e t e m Pe r a t u r e la p s e r a t e 7 in e o ld air 15 n o t the

s a m e a s th a t in w a r m a ir
.

It 15 la r g e r in e o ld a ir th a n in w a r m a ir
.

N o w w e a s s u m e th a t the

t em p e r a t u r e la p s e r a t e 7 o n the bo u n d a r y s u r fa e e v a r ie s e o n t in u o u sly b e tw e e n e o ld a ir a n d

丫V a r lll a lf l
。

e
。

y = 一 0
.

3 e
Ze rf (ax

。
+ 种 + 1

.

0
,

(1 1 )

21立

0
.

8

0
.

6

0
.

4

0
.

2

0
.

0

燕燕卜卜
鑫鑫非三三
声声甲林琳泣二二二
一一一- - ~ 一- - - 一一, ~ 、、 、 、l、 一 了。

不不、、 、 l , , l 、 。 JJJ氦氦氦一一~ 一一一一~ 一一一~一一
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一 1 一 0
.

5 0
.

0 0
.

5
2
11

0
.

4
F ig

.

1
.

C r o s s

w ith

se e tio n s o f in itia l

y 护
e o n s t

. ,
a =

a n d fin a l s ta te s

8
.

4 2 2 8
,

任 2 =

0
.

2

0
.

0
(e )

一 l 一 0
.

5 0
.

0 0
.

5

0
.

5二一合
.

( a ) D is t r ib u tio n 。f in itia l

d e n sity P。
,

△P ~ 0
.

1 ; (b ) D is trib u tio n

o f fin a l d e n s ity 户 △P 二 0
.

0 5 ; (e )

D is tribu tio n o f fin a l v e lo e ity v
,

△ v ~ 0
.

0 5
.
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w h e r e 甲15 the p ha s e fu n e t io n
.

In th e fo llo w in g
,

沪15 ta k e n a s z e r o
,

任
2 a n d a a r e e o n s t a n t s

,

a n d e r f 15 th e e r r o r fu n e tio n
.

S im ila rly
,

u n d e r s u ita b le in it ia l e o n d it io n s a n d a p p r o p r ia te b o u n d a r y e o n d it io n s
,

by

s o lv in g E q s
.

(5 ) a n d (6 )
,

w e e a n g e t the fin a l d is t r ib u tio n o f P a n d y
,

a s in Fig
.

1
.

Fig u r e la 15 the d is t r ib u tio n o f the in it ia l d e n sity P
。

.

It s ho w s th a t th e s t r a tifie a t io n in

e o ld a ir 15 la r g e r tha n tha t in w a r m a ir
.

F ig u r e lb 15 the d is tr ib u t io n o f th e fin a l d e n s ity P
.

It s ho w s th a t the fr o n t o g e n e s is a t the b o t to m bo u n d a r y s till e x is t s
,

bu t the fr o n t o g e n e s is

a t the t o P bo u n d a r y d is a Pp e a r s
.

Fig u r e le 15 the d is tr ibu tio n o f th e fin a l ve lo e ity v
.

C o n t r a s te d w ith th e e a s e 7 一 l
,

it sho w s th a t th e v e lo e ity ie t s s t ill a PPe a r
,

a n d th e

in te n s it y o f the v e lo eity je t in th e lo w a ir r e m ain s u n eh a n g e d w h ile th e in te n sity o f th e

v e lo e ity je t in th e u p p e r a ir 15 o bv io u sly g e t t in g w e a k
.

E ith e r H o s k in s (1 9 7 5 )
,

o r Blu m e n

a n d W
u (1 9 9 5 ) p o in te d o u t th a t the e r it ie a l e o n d it io n fo r fro n to g e n e sis 15 日 v / 刁 X = 1

a e e o r d in g t o th e r e la tio n sh ip o f eo o r d in a t e t r a n sfo r m a t io n
.

H e r e w e g iv e o u t tw o e u r v e s o f

a v / 刁X v a r yin g w ith x a t the to p bo u n d a r y a n d th e b o t to m b o u n d a r y r e s p e e t iv ely in Fig
.

2
.

F r o m F ig
.

2
,

w e e a n fin d th a t J v / a X e q u a ls 1
.

0 a t a s p e e ial p o in t a t th e b o t t o m

b o u n d a ry
,

w he r e a fr o n to g e n e sis o e e u r s
.

T h e p o sitio n o f th e fr o n t h e r e 15 the s am e a s the

p o sit io n in F ig
.

lb
.

A t the t o p bo u n d a r y
,

b e e a u s e a v / J X 15 a lw a ys le s s tha n 1
.

0
,

th e r e fo r e
,

th e r e 15 n o a n y fr o n t o g e n e s is
.

T h is r e s u lt e a n b e e x p la in e d fr o m p hys ie a l

e o n e e p t s a s fo llo w s
.

In the lo w e r a tm o s phe r e
,

th e ho r izo n ta l d e n s ity g r a d ie n t 15 la r g e
.

W he n a ir m o v e s

fr o m th e r e g io n w h e r e th e d e n sity 15 la r g e t o the r e g io n w he r e th e d e n sity 15 s m a ll
,

it 15

0
.

8

0
.

6

r 、
..‘.. ...

0
.

4

0 2

⋯⋯
、

\’.0.0

味一”
’

Z

r
一 0 4 卜

尹 尹

产 尹 护 户

一 0
.

6

一O, 8

一 l
。

O

一 1
.

0 一 0
.

6 一 0
.

2 0
.

0 0
.

2 0
.

6 1
.

0

Fig
.

2
.

C u rv e s o f a v
/ a X = 1

b o u n d a ry
,

d o t ted lin e

二 1
.

v a ry in g w ith x w he n y笋
e o n s t

.

S o lid lin e d e n o te s th e

d e n o te s th e e u r v e a t th e to p b o u n d a r y
.

Fr o n to g e n e sis

C U r V e

O CC U r S

a t bo t t o m

a t 刁v
/ a X
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1 2

e a sy t o fo r m the a e e u m u la t io n o f m a s s
.

5 0 it 15 e a sy to fo r m a fr o n t a t th e b o t to m

b o u n d a r y
.

In the u PPe r a ir
,

d u e t o th e effe e t o f e o m P e n s a t e d flo w
,

a ir m o v e s fr o m the

r e g io n w h e r e th e d e n sity 15 sm a ll t o th e r e g io n w he r e th e d e n s ity 15 la r g e
.

Be
e a u s e the

h o r iz o n t a l d e n sity g r a d ie n t in the u p p e r a ir 15 sm alle r th a n tha t in th e lo w e r p a r t o f a ir
,

it

15 n o t a s e a sy a s tha t in the lo w e r a tm o s ph e r e to fo r m the a e e u m u la t io n o f m a s s
.

T h is

g iv e s th e re a s o n w h y th e e o lla p s e o f is o p y e n a ls in th e lo w e r b o u n d a r y a p p e a r s b u t n o

e o lla Ps e in the u pPe r bo u n d a r y
.

11
.

CON C L U S IO N

If the in itia l m a s s fie ld a n d the in it ia l w in d field d o n o t s a t is fy g e o s tr o p h ie b a la n e e
,

thr o u g h g e o s tr o p h ie a dju s tm e n t
,

th e s e tw o field s w ill fin a lly e o m e to g e o s tr o ph ie b a la n e e
.

A n d th e fr o n t o g e n e s is w ill o ee u r
.

T h e d is t r ibu tio n o f the in itia l d e n s ity fie ld in flu e n e e s th e

fro n ta l fe a tu r e s g r e a tly
.

If th e in it ial s t r a t ifie a t io n in e o ld a ir 15 the s a m e a s th a t in w a r m

a ir
,

tw o fr o n to g e n e s e s w ill o e e u r s im u lt a n e o u sly a t t o p a n d bo tt o m b o u n d a r ie s

r es p e e tiv e ly a n d tw o v elo e ity ie t s w ill a p p e a r in the w in d fie ld
.

T h e fr o n t o g e n e sis a t th e

bo tt o m bo u n d a r y 15 d u e to th e lo e a l a e e u m u la t io n o f m a s s
.

T h e o n e a t th e t o p b o u n d a r y
,

w h ieh 15 s e ld o m s e e n in th e r e a l a t m o s p h e r e
,

15 d u e t o th e e o m p e n s a t iv e effe e t o f m a s s

flo w
.

M a n y o b s e r v a t io n a l fa e t s s ho w th a t the t em Pe r a t u r e laPs e r a t e y in e o ld a ir 15 n o t th e

s a m e a s th a t in w a r m a ir
.

It 15 la r g e r in e o ld a ir th a n in w a r m a ir
.

C o n s id e r in g th e

d iffe r e n e e o f the s e s tr a t ifie a t io n s ,

th e fro n t o g e n e sis a t th e b o t t o m b o u n d a r y s t ill e x is t s
,

w h ile the o the r a t th e t o p bo u n d a ry d is a Pp e a r s
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