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Ch in a
M

e te o r o lo g ie a l A d m in is t r a tio n ,

B e ijin g 1 0 0 0 8 1

a n d S U N Z ha o b o
(孙照渤 )

N a n
jin g In s tit u t e o f M

e te o r o lo g y
,

N a n
ii

n g 2 1 0 0 4 4

R e e e iv e d Ju n e 1 5
,
2 0 0 4

AB S T R A C T

T he
M

e iy u fr o n t h e a v y r a in p r o e e ss in l一 3 J
u n e 2 0 0 0 15 n u m e r ie a lly sim u la te d in th is p a p e r ,

a n d r e s u lts a r e th e n a n a ly z e d to s h o w th e e ffe e t s o f g e o s t r o p h ie b a la n ee e o lla p s e , u n ba la n e e d flo w

o e e u r r e n e e ,

lo w le v e lj
e t (L L J) d e v e lo p m e n t , a n d g r a v it y w a v e s g e n e s is an d p r o p a g a tio n o n t he

r a in s to rm
.

A n a lys e s in d ie a te t ha t th e s u dd e n n o r th w e s t m o v e m e n t o f s u bt r o p ie a l h ig h m a y d e s t r u e t

t he lo e a l g e o s t r o Ph ie b a la n e e ,

le a d in g t o a n in e r e a se in th e lo e a l p r e s s u r e g r a d ie n t a n d th e

o ee u r r e n e e o f a g e o st r o p hie flo w
, a n d m e a n w h ile th e a di

u s tm e n t o f e ir e u la tio n s ta r t s t o b u ild a n e w

b a la n e e
.

D u rin g th e p r o e e s s , a n LL J a n d g r a v ity w a v e s a p p e a r eo r r e s p o n d in g ly
.

T h e d is p e r s io n o f

u n b ala n e e d e n e r g y th r o u g h th e div e r g e n ee
/
e o n v e r g e n e e o f th e g e o s t r o p hie d e p ar tu r e w in d s ,

p r o m o te s th e p r o p a g a tio n o f s t r o n g w in d eo r e s a lo n g th e L L J
, a n d th e d is p e r s io n dir e e tio n 15

in flu e n e e d b y th e s te e rin g flo w a n d th e m o is t u r e e o n e e n tr a tio n a r e a
.

T he d e v e lo pm e n t o f L L J 15

o n e o f im p o r ta n t e o n d itio n s ,

w h ie h in d u ee s th e he a v y r a in e s p e eia lly in th e le ft fr o n t p a r t o f th e
j
e t

w h e re th e e o n v e r g e n e e a n d sh e a r o f w in d s o e eu r
.

It 15 a ls o fo u n d th a t th e g e n e s is o f dis t u r b a n e e ,

m e s o 一 v o r te x , a n d m e s o 一 eo n v e e tiv e sy , te m p r o v id e s a fa v o r a ble eo n d it io n fo r th e r a in s t o rm
.

T h e

a b o v e r e s u lt s a r e e le a rly illu s t r a te d by th e h ig h s p a tia l a n d t em p o r a l r e s o lu tio n sim u la tio n d a t a

fr o m a m e s o s e a le n u m e r ie a l m o d e l
.

K ey w o r d s :

M
e iy u fr o n t h e a v y r a in

, u n ba la n e e d flo w
,

lo w
一

le v e lj
e t (L LJ)

,

g r a v it y w a v e s

1
.

IN T R O D U C T IO N

T he M e iy u fr o n t h e a v y r a in 15 o n e o f m a jo r m e t e o r o lo g ie a l d is a s te r s in C h in a , a n d it

br o u g h t a b o u t m a n y t im e s o f d e v a s t a t e d flo o d s in the C h a n g jia n g
一

H u a ihe R iv e r V a lle y in

the p a s t
.

Syn o p t ie a n a ly s e s s u g g e s t th a t d u r in g M e iyu fr o n t he a v y r a in p r o e e s s e s ,
th e

e o n e e n t r a tio n o f a la r g e m o u n t o f w a t e r v a p o r 15 fr e q u e n tly a s s o e ia te d w ith a s o u th e a s t

L LJ
, a n d it s fo r m a t io n 15 e o m p a n ie d w ith the la rg e 一 s e a le e ir e u la t io n a dju s t m e n t

.

S u eh a n

a dju s t m e n t e a n be a n a ly z e d fr o m m u lt ip le a n g le s ,

h o w e v e r the m u tu a l a diu s t m e n t b e tw e e n

w in d a n d P r e s s u r e fie ld s 15 m o s t fu n d a m e n ta l
.

T h a t 15 to s a y
, a ft e r the g e o s t r o Ph ie b ala n e e

15 b r o k e n d o w n ,
th e o e e u r r e n e e o f a g e o s t r o p hie w in d w ill t r ig g e r in e r tia l g r a v ity w a v e s

.

A lo n g w ith th e d is p e r s io n o f the in e r t ia l g r a v it y w a v e s a n d the v a n ish in g o f the

a g e o s t r o p hie e o m p o n e n t o f m o t io n ,
the g e o s t r o p h ie r e la t io n be tw e e n w in d a n d p r e s s u r e

T he w o r k w a s s u PP o r te d 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 C h in a u n d e r G r a n t N o
.

4 0 1 7 5 0 2 3
.



4 6 8 A C T A M E T E O R O LO G IC A S IN IC A V o l
.

1 8

field s w ill b e r e e s t ab lish ed
.

T he g e o s t r o p h ie a dju s t m e n t th e o r y w a s in itia lly p r e s e n t e d by

R o s sb y (1 9 3 7
,

1 9 3 8 )
.

A ft e r w a r d s m a n y r e s e a r eh e r s d id m a n y s t u d ie s
.

F o r e x a m p le
,

C ah n

(1 9 4 5 ) a n d C h a r n e y (1 9 4 7 ) e x p la in e d th e e ffe e t o f in e r t ial g r a v it y w a v e s in th e a d ju s t m e n t

p r o e e s s
.

Y e h (1 9 5 7 ) fir s t p o in te d o u t th e p r o b lem o f s e a le in th e g e o s t r o p h e r ie a d ju s tm e n t

p r o e e s s
.

A s fa r a s th e a p p lie a t io n o f g e o s tr o p h e r ie a diu s tm e n t th e o r y 15 e o n e e r n e d
,

by

u sin g a tw o 一

d im e n s io n a l m o d e lF r itt s a n d L u o (1 9 9 2 ) d is e u s s e d fe a t u r e s o f g r a v ity w a v e s

n e a r a ie t t r ig g e r e d in the g e o s t r o p h ie a diu s t m e n t p r o e e s s , a n d p o in t e d o u t tha t th e

a g e o s tr o p h ie m o t io n n e a r a ie t 15 a n im p o r t a n t s o u r e e o f in e r t ia l g r a v ity w a v e s
.

S t o bie e t

a l
.

(1 9 7 9 ) a n a ly z e d a v io le n t s to r m p r o e e s s in M a y 1 9 7 9 in th e e e n tr a l U n it e d S ta t e s , a n d

fo u n d tha t th e d is t r ibu t io n a n d m o v e m e n t o f s t o r m a r e ele a r ly a s s o eia t e d w ith g r a v ity

w a v e s
.

U e e e llin i a n d K o eh (1 9 8 2 ) in v e s t ig a te d 1 3 e a s e s o f g r a v it y w a v e s , a n d th e ir r e s u lt
、

s ho w tha t the in t e n s ity a n d d is t r ib u t io n o f p r e e ip it a t io n a r e a ffe e t e d b y the w a v e s
.

In th e r e e e n t ye a r s ,
the d e v e lo p m e n t o f m e s o s e a le m e t e o r o lo g y

, e s p e e ia lly the

a d v a n e e in m e s o s e a le n u m e r ie a l m o d e ls P r o v id e s a fa v o r a ble e o n d it io n fo r s t u d ie s o n th e

e x e it a t io n a n d p r o p a g a t io n o f g r a v ity w a v e s aft e r the o e e u r r e n e e o f a g e o s t r o p h ie m o t io n in

M e iyu fr o n t h e a v y r a in p r o e e s s e s
.

In t e r m s o f th e d ia g n o s t ie a n a lys e s o f th e m e s o s e a le

n u m e r ie a l s im u la t io n s o f a M e iy u fr o n t h e a v y r a in p r o e e s s , this p a p e r r e v e a ls th e e ffe e t o f

u n b a la n e e d flo w a n d g r a v ity w a v e d is p e r s io n o n th e fo r m a t io n o f L L J a n d the o e e u r r e n e e o f

he a v y r a in a fte r th e a diu s tm e n t o f the la r g e 一 s e a le e ir e u la t io n
.

n
.

D A T A

T he m a in d a t a u s e d in e lu d e th e N C E P g lo b al r e a n a ly s is d a t a o f I
O

x l
” r e s o lu t io n a n d

a t tim e in t e r v a ls o f 6 h
,

th e m e s o s e a le n u m e r ie a l s im u la t io n d a ta
,

the JaP a n e s e G MS

s a t e llite elo u d p ie t u r e d a t a
,

th e o b s e r v a t io n al d a ta fr o m th e C h in e s e p r im a r y

m e t e o r o lo g ie a l s t a t io n n e tw o r k
, a n d th e h o u r ly in te n s iv e o b s e r v a tio n r a in fa ll

.

T h e h ig he s t

h o r iz o n t a l r e s o lu t io n o f the sim u la te d d a t a 15 9 k m
, v e r tie a lly a t 2 3 lay e r s by th e N C A R /

P SU n o n 一
h yd r o s t a t ie m o d e lMM S (th ir d v e r s io n )

.

111
.

H E A V Y R A IN PR O C E S S A N D IT S N U ME R IC A L S IM U L A T ION

In Ju n e 2 0 0 0
,

the m a io r r a in b e lt a P p e a r e d in the H u a ihe R iv e r B a sin
.

U n d e r the jo in t

in flu e n e e o f a s tr o n g w a r m / m o is t s o u th w e s t flo w a n d a s o u th w a r d e o ld a ir
, a s u e e e s s iv e

t o r r e n t ia l r a in p r o e e s s to o k p la e e in th e p e r io d o f l一 3 Ju n e (Fig
·

1 )
.

It e a n b e s e e n fr o m Fig
.

l a th a t th e r e w e r e thr e e a r e a s o f p r e e ip ita t io n w ith the ra in fa ll

g r e a t e r tha n 5 0 m m in the Ch a n g jia n g 一
H u a ih e R iv e r B a s in fr o m 0 8 0 0 BT 1 t o 0 8 0 0 B T Z

Ju n e
.

In 0 8 0 0 BT 2 t o 0 8 0 0 B T 3 Ju n e ,
the r a in b e lt m o v e d n o r t hw a r d s , e x p a n d e d it s

a r e a , a n d a n e x e e p t io n a l t o r r e n tia l r a in o f m o r e th a n 1 0 0 m m o e e u r r e d in the z o n a l a r e a

fr o m th e n o r th o f th e H u a ih e R iv e r t o th e e a s t o f H e n a n Pr o v in e e
.

T h e o v e r a ll r a in fa ll o f

th e P r e e iPita t io n p r o e e s s w a s ab o u t 5 0 一 1 0 0 m m
, a n d it e x e e e d e d 2 0 0 m m o v e r Pa r t s o f

e e n t r a l Jia n g s u , e e n t r a l a n d n o r th A n h u i
, s o u th H e n a n , a n d n o r th e a s t H u be i Pr o v in e e s

.

T h e t o t al p r o e e s感 r a in fall a t 6 2 s t a t io n s in H e n a n Pr o v in e e e x e e e d e d th e his t o r ie al

m a x im u m in the s a m e p e r io d
, a n d th e r a in fa ll o f the fir s t tw o d a ys in th e n o r th o f th e

H u a ihe R iv e r w a s 3 一 4 tim e s the m e a n p r e e ip ita t io n v a lu e in th e fir s t d e ka d o f Ju n e
.

It 15 s e e n fr o m the 5 0 0 hPa e ha r t a t 2 0 0 0 B T 3 1 M a y 2 0 0 0 th a t th e t r o u g h a lo n g th e

e a s t e o a s t o f C hin a sh r a n k n o r th w a r d s a s w ell a s m o v e d e a s tw a r d s , a n d the s u b tr o Pie al

hig h in th e s o u th e a s t o f T a iw a n s t a r t e d t o s t r e t e h w e s tw a r d s a n d a d v a n e e n o r th w a r d s ,

w ith the 5 8 8 d a g p m e o n t o u r e x p a n d in g t o w a r d s th e s o u the a s t e o a s t o f C h in a m a in la n d
.

By
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2 0 0 0 B T 1 Ju n e ,
th e s u b t r o p ie a l h ig h h a d e o m p le te d th e w e s tw a r d

一s tr e t e hin g
一 n o r th w a r d

-

ju m p in g
.

C o r r e s p o n d in g ly the 5 8 8 d a g p m e o n to u r o r ig in a lly n e a r e a s t o f T a iw a n h a d

m o v e d to t he v ie in it y o f th e H a in a n Is la n d a s w e ll a s a d v a n e e d n o r thw a r d s fo r Z一 3 d e g r e e s

in la t it u d e s , a n d its d o m a in ha d e o v e r e d the m o s t p a r t o f s o u the r n C h in a e o a s t (F ig
.

2 )
.

T he m o v e m e n t o f th e s u b t r o p ie a l h ig h e s ta b lis he d a fa v o r a ble e o n d it io n fo r s u b s e q u e n t

p r e e ip it a tio n o v e r th e C ha n g jia n g
一

H u a ihe R iv e r V a lley
.

W ith s t r e n g th e n in g o f the s u b t r o p ie a l h ig h
, a flo w a lo n g it s w e s t fr in g e t r a n sfe r r e d

w a r m / m o is t a ir n o r th w a r d s , a n d a t th e s a m e t im e a w e a k e o ld a ir fr o m n o r the r n C h in a

m o v e d s o u th w a r d s , r e s u lt in g in the fo r m a t io n o f a M e iyu fr o n t o v e r th e C h a n g iia n g
-

H u a ihe R iv e r V alle y
.

A lo n g w ith the g e n e s is
, s t r e n g the n in g

, a n d e a s tw a r d m o v e m e n t o f a

lo w v o r t e x o n th e M e iyu fr o n t
,

h e a v y r a in als o s t a r t ed
.

T he h e a v y r a in Pr o e e s s 15 n u m e r ie a lly sim u la t ed in th is p a p e r w ith th e a id o f MM S

m o d e l
, a n d th e s im u la te d r a in fa lls a r e g iv e n in F ig

.

3
.

T he a r e a a n d in te n s ity o f

p r e e ip it a tio n s im u la t e d a r e in g e n e r a lly a g r e e m e n t w ith th e o b s e r v a tio n s ,

w hie h p r o v id e s a

b a s is fo r the fo llo w in g d ia g n o s e s o f the p r o e e s s
.

F ig u r e 4 a g iv e s the s im u la t ed 7 0 0 hPa s t r e a m lin e fie ld a t 1 0 0 0 BT 1 Ju n e 2 0 0 0
, a n d it

e a n b e ele a r ly s e e n fr o m th e fig u r e th a t th e re 15 a d is t in e t s o u thw e s t LL J fr o m the s o u th o f

t he C ha n g iia n g R iv e r ,
th e w e s t o f S o u th C h in a ,

t o t he C ha n g jia n g R iv e r B a s in
.

Fig u r e 4b

15 the e o r r e s p o n d in g is o t a e h fie ld o f Fig
.

4 a , a n d th e in t e n s ity o f the je t 15 g r e a t e r tha n

1 6 m / 5
.

T h e a p p e a r a n e e o f the LLJ p la ys a n im p o r ta n t r o le in the M e iy u fr o n t he a v y r a in

p r o e e s s d u r in g l一 3 Ju n e , s u e h a s e ffe e t s o n th e e o n e e n t r a t io n a n d e o n v e r g e n e e o f w a t e r

v a p o r ,
th e e s ta blish m e n t a n d e n ha n e e m e n t o f v o r tie ity a n d e o n v e r g e n e e field s ,

the v e r t ie a l

e ir e u la t io n s , e t e
.

T he g e n e s is o f L LJ 15 e lo s e ly r e la t e d w ith the n o r th w a r d ju m p o f th e

s u bt r o p ie al h ig h
, a n d thu s a r e s u lt o f la r g e 一 s e ale flo w fie ld a diu s t m e n t

.

IV
.

SU D D E N W E ST W A R D
一

S T R E T C H IN G
一

N O R T HW A R D
一

JU MP IN G O F SU B T R O PIC A L H IG H

AN D T H E BR E AK IN G OF G E O S T R OPH IC B A L A N C E

A lo n g w ith th e w e s tw a r d
一 s tr e t eh in g

一n o r th w a r d
一

iu m p in g o f the s u b t r o p ie a l h ig h
,

th e

5 8 8 d a g p m e o n t o u r eh a r a e t e r iz in g the rid g e o f th e s u b t r o p ie a l h ig h o n 5 0 0 hP a h a s m o v e d

t o the v ie in ity o f 2 5
o

N
,

1 1 0
0

E in the aft e r n o o n t o n ig h t tim e o n 1 Ja n u a r y
, a n d the

a n tie yelo n ie e u r v a t u r e o f th e e o n t o u r als o e le a rly in e r e a s e s (Fig
.

Zb )
.

T h e s u d d e n

w e s tw a r d
一 s t r e te hin g

一 n o r thw a r d
一

iu m p in g o f th e s u b t r o p ie a l hig h 15 fir s t d is p la ye d b y th e

a llo b a r s o r eh a n g e s in p r e s s u r e g r a d ie n t s o n la r g e 一 s e a le p r e s s u r e fie ld s
.

V iew e d fr o m th e

w e s tw a r d s t r e t eh in g o f the s u b tr o p ie a l hig h
,
th e p la e e w he r e the a n tie yelo n ie e u r v a t u r e o f

the r id g e 一

lin e o f the h ig h 15 m a x im u m
,

15 a ls o the a r e a w he r e the a llo h yp s e o r a llo ba r 15

m a X im u m (the sh a d e d a r e a in F ig
.

Zb )
.

A t 1 5 0 0 BT 1 Ju n e , a d is t in e t p o s it iv e allo h yp s ie a r e a o e e u r r e d a t 8 5 0 hP a o v e r the

e o m m o n b o r d e r o f S ie h u a n ,

H u b e i
,

H u n a n a n d G u iz h o u Pr o v in e e s (s e e th e a r r o w in

Fig
.

sa )
, a n d the m a x im u m a llo hyp sie a r e a w ith a e e n t e r o f m o r e th a n 3 0 g p m / 3 h la y in

the n o r th o f H u n a n Pr o v in e e
.

Fig u r e sb g iv e s 3 h allo h yp s e s o f 8 5 0 hP a a t 2 1 0 0 BT
, a n d

th e r e e x is t s a n SW
一

N E h ig h v a lu e a r e a (m o r e th a n 2 0 g p m / 3 h ) in the G u iz ho u 一 n o r thw e s t

H u n a n 一

w e s t H u b e i Pr o v in e e s
.

S im ila r eh a n g e s a ls o o e e u r r e d a t o th e r le v e ls (fig u r e s

o m itt e d )
.

S yn the t ie a lly v iew e d fr o m 3 h a llo hyp s e s a n d g e o p o t e n t ia l h e ig ht g r a d ie n t
, a t

th e w e s t
一 s tr e t eh in g p o in t o f s u b t r o p ie a l h ig h a n d in it s a dja e e n t a r e a s th e r e 15 a s t r e t eh o f

la r g e r a llo hy p s e a n d g e o p o te n tia l h e ig ht g r a d ie n t a r e a s a n d the ir h o r iz o n t a l s e a le s a r e o f

m e s o 一 a a n d m e s o 一

月s e a le s
.
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p ointedb yanarro winFig .6b).M oreover, thearea whereth edeviati onwind1 5enhane od1 5justth eplaeew herethe geostrop hiebala nee15mo stviolen tlybrok en.Ther easonth ate hangesi ngeopot entialhei ghtfield sleadto theenha neement ofgeost rophiede viations in

f aetinelu desthe influenees offlow eonverg enee/dive rgeneea ndallob ariewind s.Thus ite anbese enthat thesudde nwestw ard一stre tehing一no rthward一 jumping ofsubtro piealhi ghl eadstoa nintens ivePressu reinerea seinthe areaofG uizhou一 Hunan一H ubei,wh iehintu rnr esultsin thebre akingof geostrop hiebala nee,and strongg eostroph iedeviat ions.Th is

p henomen onelear lyeharae terizesth ebreaki ngproees sofgeos trophie balanee.For theatm ospherie motion onaro tatinge arth,its vortiei tyfield eontains as tationary part,w hieh15fa rgreater thanth epartoft hemotio nrelativ etothee arth.He re

t helinear equatio n15writt enasa_ 。___ ,{刁u. 刁v)子甲 “少-一 _f一}于二+ 于二}.刁t’ 一 “、刁x’ 刁y/’

Itea nbesee nfromth eabove expressio nthatth evortiei tyfield1 5always interaeti ngw iththe divergen eefield through theCor iolisfore e,andt hevorte x15gene rallyno n-s tationary .Inthe wholeeh angepro eessof motion,d uetothe effeeto ftheCor iolisfore e,

t here15t heintera etionamo ngvort ieity,div ergeneea ndpress urefield s,andth evortiei tya ndpres surefiel dsadiust mutuall y.Inee rtaineon dition, whenth ewavee nergye anp ropagate toward sinfinity ,thediv ergeneef ieldnolo ngereha nges,th enthevo rtieitya nd

p ressure fieldsa reina mutual balanee state.T his15t hephys iealreaso nfort heg eostroph ieadius tmentpr oeesso fatmos pheriem otion,a ndvirtu allyit1 5throu ghd ivergene efieldt hatthea diustmen tofpre ssuregra dient,C oriolisa ndinertia lforees 15

r ealized, thusab alaneerel ationon anewb asis15at lastaehi eved(Ye etal.19 88).The abovea nalysise learlysh owsth ataeeord ingtot heprine ipleofg eostroph iea djustme nt,whe ntheWe stPaeif iesubtr opiealhig hsudde nlyium psnorth wardsa nd

s tretehes westwar ds,and itsridge 一linestr etehesto thesou thofth eChangi iangRiv erV alley,t heorigin algeostr ophieba laneeof atmosphe riemotio neollap ses,thus triggeri ngi nertialg ravityw aves.Th eenergy ofunb alaneedf lowrapi dlydissi patesto aninfini te

s paeethr oughth edispers ionofi nertialg ravityw aves,th usresul tingint herapid lya diustmen toflarg e一sealefl owfield .Obviou sly,this adiustm ent15aq uiekproe ess.Th usi teanbe seentha taeeordin gtothe geostrop hieadius tmentth eory,th egenesis ofinert ial

g ravityw aves15 inevitable whent hegeos trophieb alanee15 broken ,It15th rought hed ispersion ofinert ialgravit ywaves thatmak estheba laneesta tebere sumed.

V .GENES ISOFIN ERTIALG RAVITY WAVES ANDITSF ORCING TOTHE STRENG THENINGOFLO WLEVEL JETSAsp ointedab ove,the geostrop hiedevia tionsinev itablytr iggerine rtialgrav itywave s,
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w hile a g e o s t r o p hie d is t u r b a n e e s d is p e r s e the u n b a la n e e d e n e r g y b e tw e e n p r e s s u r e a n d w in d

fie ld s to th e w ho le s p a e e ,
th u s a e hie v in g a n ew b ala n e e

.

T he r e fo r e ,
the e x is te n e e a n d

p r o p a g a t io n o f in e r t ia l g r a v it y w a v e s p la y a n im p o r t a n t r o le in the g e o s t r o p h ie a d ju s t m e n t
.

H o w e a n w e d e t e r m in e th e ir e x is te n e e a n d p r o p a g a t io n ? In the lig ht o f th e d yn a m ie

e ha r a e te r is t ie s o f in e r t ia l g r a v ity w a v e s ,

w e m a y d e t e r m in e a n d v e r ify th e ir e x is t e n e e a n d

p r o p a g a t io n b y u s in g the t e m p o r a l a n d s p a t ia l v a r ia t io n s o f d iv e r g e n e e
.

Fig u r e 7 e x hib its the s p a t ia l d is tr ib u t io n o f h ig h sPa tia l八em p o r al r e s o lu t io n

d iv e r g e n e e a t 7 0 0 hPa o u tp u t fr o m the MM S m e s o s e a le n u m e r ie a l m o d e l
.

It e a n b e s e e n in Fig
.

7 th a t th e r e 15 a z o n a l a r e a o f d iv e r g e n e e / e o n v e r g e n e e a lt e r n a t io n

fr o m the n o r thw e s t o f G u iz h o u t o th e n o r th o f H u n a n a t 1 5 0 0 B T 1 Ju n e
.

T he h o r iz o n t al

s e a le o f th e d iv e r g e n e e / e o n v e r g e n e e 15 a b o u t 1 5 0 k m
, a n d th e tim e d u r a t io n o f s u eh a

s tr u e tu r e 15 1 一 1
.

5 h
.

a t 1 8 3 0 B T 1 Ju n e , a d iv e r g e n e e / e o n v e r g e n e e a lt e r n a t io n z o n a l a r e a

a g a in a p p e a r s fr o m th e n o r th o f G u iz h o u t o t h e n o r th o f H u n a n , a n d m e a n w h ile
, s u eh a

z o n a l a r e a a ls o e x is t s in the a r e a fr o m th e s o u th o f Jia n g x i to the e o m m o n b o u n d a r y o f

H u be i
,

Jia n g x i a n d A n h u i
.

C o m p a r e d w ith the fo r m e r a lt e r n a tio n
,

th e s t r u e t u r e o f

d iv e r g e n e e / e o n v e r g e n e e a lt e r n a t io n 15 e le a r e r , a n d it s d u r a t io n 15 a b o u t 1
.

5 h
.

S u e h a

d is t r ib u tio n o f d iv e r g e n e e / e o n v e r g e n e e a lt e r n a t io n sh o u ld be v ir t u a lly e a u s e d by

s ys t e m a t ie a l g e o s t r o p hie d e v ia tio n w in d s , a n d the p r o p a g a tio n o f the in e r t ia l g r a v ity w a v e s

t r ig g e r e d by d e v ia tio n w in d s m ay b e e le a r ly d e lin e a te d b y th e d iv e r g e n e e fie ld s o f the

d e v ia t io n w in d s (Fig
.

8 )
.

F ig u r e 8 d is p la ys the s p a t ial p a tt e r n s o f the d iv e r g e n e e o f

g e r s t ro p h ie d e v ia tio n w in d s a t 8 5 0 hPa (e o u n te r p a r t s o f F ig
.

7 )
,

w he r e in a g e o s t r o p hie

w in d d iv e r g e n e e / e o n v e r g e n e e a lte r n a tio n a r e a 15 ele a r ly s e e n , a n d it 15 in a g r e e m e n t w ith

th a t a t 7 0 0 hP a
.

T he a b o v e r e s u lt s ele a r ly sh o w the e x is te n e e a n d p r o p a g a tio n o f the in e r t ia l g r a v ity

w a v e s e x eit e d b y g e o s t r o p h ie d e v ia t io n w in d s
.

S im ila r ly
,

the ir e x is t e n e e a n d p r o Pa g a t io n

e a n als o be p r o v e d by th e t em p o r al v a r ia t io n s o f the d iv e r g e n e e o f s in g le s t a tio n
.

Fig u r e 9 e x h ibit s the t e m p o r a l e v o lu tio n o f the 7 0 0 hP a d iv e r g e n e e a t 2 8
o

N
,

1 1 1
“

E

(p o in te d by a n a r r o w in Fig
·

7 b ) fr o m 0 8 0 0 B T 1 t o 0 8 0 0 B T 3 Ju n e 2 0 0 0
.

O bs e r v e d fr o m

th e fig u r e a r e the t em p o r a lly e o n tin u o u s v a r ia t io n s o f d iv e r g e n e e / e o n v e r g e n e e a t th e Po in t
,

a n d v a lu e s flu e t u a t e a r o u n d the b a s e lin e o f z e r o ,

w hie h 15 ju s t the v a r ia t io n fe a t u r e o f

d iv e r g e n e e / e o n v e r g e n e e
·

T h e ab o v e a n a ly s e s fa ir ly s h o w th a t in the p r o e e s s o f the w e s tw a r d
一 s t r e t eh in g

-

丫6e-54e-5

孟O气以
J
仔1�勺�,J.‘

...

.1.1

1
.1

Ze 一5

0

一Ze 一
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2 Ju n

12 1 8 90,l
J J U n
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2 Ju n 3 Ju n

�02Jur000

Fi g
.

9
. 7 0 0 hPa w i n d s p e e d v a r ia t i o n s a t 28

o N ,

1 l l O E ( a )
, a n d 2 8 oN ,

I Og o E (b ) in th e p e r io d o f

O8 0 OB T 1 to 0 8 0 0 B T 3 J
u n e 2 0 0 0

,
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n o r th w a r d
一

iu m p in g o f s u b t r o p ie a l hig h
,

the in e r t ia l g r a v ity w a v e s ,

w hie h p r o p a g a t e

n o r th e a s tw a r d s a lo n g th e n o r thw e s t s id e o f s u b t r o p ie a l h ig h
, a r e t r ig g e r e d in th e p la e e

w h e r e th e g e o s tr o p hie d e v ia t io n 15 th e s t r o n g e s t a n d th e a llo ba r th e la r g e s t
.

T he d u r a t io n

o f in e r t ia l g r a v ity w a v e s 15 a bo u t 1
.

s h
,

w hie h 15 a p p r o x im a t e ly e q u a l t o th e th e o r e t ie a l

t im e s e a le o f g e o s t r o p h ie a diu s tm e n t in th e m id d le la t it u d e
.

It sh o u ld b e p o in t e d o u t th a t th e o th e r fa v o r a b le e o n d it io n fo r the e n h a n e em e n t a n d

p r o p a g a t io n o f in e r tia l g r a v ity w a v e s 15 w a te r v a p o r
.

B e e a u s e the r e 15 s u ffie ie n t w a t e r

v a p o r in th e n o r thw e s t s id e o f s u b tr o p ie a l hig h
, u n d e r th e e ffe e t o f d iv e r g e n e e /

e o n v e r g e n e e ,

w a t e r v a p o r 15 lifte d a n d e o n d e n s e d
,

the n the r ele a s e d la t e n t he a t fu r th e r

s t r e n g th e n s the e ha n g e o f d iv e r g e n e e
.

It e a n b e s e e n fr o m Fig
.

1 0a th a t the e o n v e e t iv e

e lo u d s e x is t o n th e p r o p a g a t in g p a th o f in e r tia l g r a v ity w a v e s a lo n g th e n o r thw e s t fr in g e o f

s u b t r o p ie a l h ig h
, a n d the p a th a e e o r d s w ith th a t in Fig

.

7
.

A t 5 0 0 hPa ,
the r e 15 a z o n a l a r e a o f r e la t iv ely la r g e r s p e e ifie h u m id ity a t 1 0 0 0 U T C I

Ju n e fr o m H u n a n t o the n o r th o f Jia n g x i
, a n d G u iz ho u t o th e w e s t o f H u b e i r e s p e e t iv e ly

(F ig
.

1 0 b )
, a n d th e ir o r ie n t a t io n 15 in g e n e r a l a g r e e m e n t w ith the p r o p a g a t in g d ir e e t io n o f

in e r t ia l g r a v ity w a v e s
.

T h is 15 a ls o r e fle e t e d in F ig
.

IOa
.

T his s ho w s tha t th e w a v e lik e

e o n v e e t iv e elo u d sys t e m a lo n g th e n o r th w e s t fr in g e o f s u b t r o p ie a l h ig h 15 a s s o e ia t e d w ith

th e e x is te n e e o f in e r t ia l g r a v ity w a v e s
.

T he a n a lys e s o f d iv e r g e n e e fie ld s a t v a r io u s le v els s u g g e s t th a t the r e e x is t s a

w a v e t r a in o f d iv e r g e n e e / e o n v e r g e n e e a lt e r a t io n b o th in th e b o u n d a r ie s b e tw e e n H u n a n a n d

Jia n g x i , a n d H u n a n a n d G u iz h o u ,

w he r e the 3 h a llo h yp s e a n d th e g r a d ie n t o f p o t e n t ia l

he ig h t a r e la r g e r
.

T he w a v e tr a in e x e it e d fr o m th e b o u n d a r y b e tw e e n H u n a n a n d Jia n g x i 15

v e r y e le a r ,
th is m ay b e r e la te d w ith th e to p o g r a p h ie e ffe e t o f th e L u o x ia o M o u n t a in s

.

T h e

s t r u e t u r e o f th e w a v e t r a in a t le v els 8 5 0 a n d 9 0 0 hPa 15 e le a r e r th a n th a t a t 7 0 0 hP a
.

A ft e r th e a d ju s t m e n t o f w in d / p r e s s u r e field s ,
th e je t flo w o v e r th e a r e a o f H u n a n -

G u iz ho u w e s t a n d n o r th w e s t o f th e s u b tr o p ie a lh ig h 15 e v id e n tly e n h a n e e d
, th is 15 r e fle e t e d

in th e d is t r ib u t iv e d ia g r am o f th e 7 0 0 hPa w in d d iffe r e n e e s o f 1 0 0 0 a n d 0 1 0 0 U T C 1 Ju n e

(Fig
.

1 1 a )
.

A ft e r a b o u t 1 0 h e v o lu t io n ,
th e w in d s p e e d in the ie t flo w a r e a 15 d is t in e tly

e n h a n e e d
.

T his fu r th e r in d ie a te s tha t th e ie t flo w r efle e t e d in F ig
·

4 15 d e v e lo p e d in th e

p r o e e s s o f in e r tia l g r a v ity w a v e d is p e r s io n
.

F ig u r e gb d is p la ys th e t em p o r a l v a r ia t io n o f th e w in d s p e e d a t 2 8
O

N
,

IOg
o

E fr o m 0 8 0 0

B T 1 t o 0 8 0 0 BT 3 Ju n e
.

A lo n g th e b o u n d a r y o f G u iz h o u a n d H u n a n in Fig
.

4 b lie s a

d is t in e t iv e SW
一

N E je t flo w w ith s e v e r a l e o r e s o f m o r e tha n 1 4 m / 5
.

Fig u r e g b s ho w s th e

t e m Po r a l e v o lu tio n o f the in t e n s ity o f the )e t a t a P o in t w ith in th e e o r e a r e a , a n d it e a n b e

s e e n fr o m th e fig u r e tha t the s t r o n g w in d e e n t e r o f m o r e th a n 1 5 m / 5 p a s s e s th r o u g h th e

p o in t thr e e tim e s in 4 8 h o u r s
.

E s p e e ia lly
, a t 0 6 0 0 BT 2 Ju n e ,

th e g r a v ity w a v e 15 th e

s t r o n g e s t
, a n d the in e r em e n t in the w in d s p e e d o f the je t 15 a ls o th e la r g e s t

,
th u s r efle e t in g

the e ffe e t o f th e n o r th w a r d d is p e r s io n o f g r a v ity w a ve s o n th e eh a n g e in th e in te n s it y o f ie t

e o r e
.

T h is eh a n g e a t la s t m a y p r o d u e e a fa v o r ab le in flu e n e e fo r p r e e ip ita t io n ,

1
.

e
.

th e

n o r th w a r d m o v e m e n t o f je t e o r e s m a y r e s u lt in the t r a n sfe r a n d e o n e e n t r a t io n o f w a t e r

v a p o r , a n d the n in s u it a b le d y n am ie a n d the r m o d yn a m ie e o n d it io n s ,
th e t o r r e n t ia l r a in

O CC U r S
。

T h e a b o v e r e s u lt s s u g g e s t
,

it 15 the d is p e r sio n o f in e r t ia l g r a v ity w a v e s tha t s p r e a d s

the p e r t u r b a t io n e n e r g y w ith in th e m e s o 一

俘 a n d m e s o 一

y s e a le a r e a s g e n e r a t e d b y the

w e s tw a r d s tr e t e hin g o f s u b tr o p ie a l h ig h
, o v e r a w id e r s p a e e ,

th u s r e s u ltin g in a n ew

ba la n e e s t a t e b e tw e e n flo w a n d p r e s s u r e fie ld s
.

M e a n w h ile it 15 the p r o p a g a t io n o f in e r tia l
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g r a v it y w a v e s tha t t r ig g e r s n e w a d ju s tm e n t o f d o w n s tr e a m flo w a n d p r e s s u r e fie ld s ,
thu s

le a d in g t o th e d o w n s t r e am e x te n s io n o f t he je t a n d a t la s t th e fu r the r s tr e n g th e n in g o f th e

。o u thw e s t L L J
.

V ie w e d fr o m the r e a l p r o p a g a t in g d ir e e t io n o f in e r t ia l g r a v ity w a v e s
八t 15

in a g e n e r a l a g r e e m e n t w ith th e s t e e r in g flo w in th e m id d le
一 u p p e r t r o p o s p he r e , a n d a ls o

a s s o e ia t e d w ith th e d is tr ib u tio n o f w a t e r v a p o r in t he lo w e r 一m id d le t r o p o s p h e r e
.

T he a n a lys e s o f e ha n g e s in r e g io n a l d iv e r g e n e e / e o n v e r g e n e e fie ld s a n d th e t e m p o r a l

v a r ia t io n o f s in g le s t a tio n w in d a n d d iv e r g e n e e m a y fu n d a m e n ta lly d e s e r ib e th e g e n e s is
,

p r o p a g a t io n a n d in flu e n e e o f in e r t ia l g r a v ity w a v e s , a n d the n u m e r ie a l s im u la t e d r e s u lt s

e a n he lp t o g iv e h ig h e r s p a t ia l
一
t e m p o r a l d e n s ity a n a lys e s ,

thu s o ffs e tt in g th e lim it a t io n o f

o b s e r v a t io n s
.

V l
.

IN FL U E N CE OF IN E R T IA L G R A V IT Y W A V E S E X C IT E D B Y A G E O S T R OPH IC F L O W O N

M E IYU FR O N T T O R R E N T IA L R A IN

D is e u s s io n in th e la s t s e e t io n ha s e le a r ly s ho w n tha t d u e t o the e ffe e t o f in e r t ia l

g r a v ity w a v e s ,
th e s o u thw e s t LL J a lo n g th e w e s t a n d n o r th w e s t s id e s o f the s u b t r o p ie a l

h ig h 15 e n h a n e e d
, w h ieh in e v it a bly le a d s t o the s t r e n g th e n in g o f th e n o r th w a r d t r a n s fe r o f

w a r m / m o is t a ir
,

thu s r e s u lt in g in the e n ha n ein g in the e o n v e r g e n e e o f w a t e r v a p o r flu x e s

a n d in t o r r e n t ia l r a in a lo n g the M e iyu fr o n t
.

Fig u r e 11 b e x h ibit s the d iffe r e n e e d is t r ib u t io n o f th e 7 0 0 hPa w a t e r v a p o r flu x

d iv e r g e n e e b e tw e e n 1 2 0 0 U T C a n d 0 1 0 0 U T C 1 Ju n e ,

1
.

e
.

th e eh a n g e in w a te r v a p o r flu x

d iv e r g e n e e a r o u n d th e w e s tw a r d s tr e t eh in g o f the s u b t r o p ie a l h ig h
.

A d is tin e t iv e e h a n g e

(e o n v e r g e n e e ) in the d iv e r g e n e e o f w a t e r v a p o r flu x a p p e a r s in the a r e a p o in t e d b y a n

a r r o w in F ig
.

llb
,

in d ie a t in g tha t d u e t o the s t r e n g th e n in g o f ie t th e tr a n s fe r a n d

e o n e e n t r a tio n o f w a te r v a p o r a r e b o th fa v o r a b le t o p r e e ip it a t io n
.

It 15 iu s t th e a r e a o f w a t e r

v a p o r e o n e e n t r a t io n w he r e a to r r e n t ia l r a in o e e u r s aft e r 6 ho u r s
.

Fig u r e 1 2 a d is p la ys th e e o n tin u o u sly te m p o r a l v a r ia t io n o f w a t e r v a p o r flu x d iv e r g e n e e

a t the e e n tr a l p o in t o f p r e e ip it a t io n (sh o w n w ith a n a r r o w in F ig
.

la )
, a n d a e o n tin u o u s

w a te r v a p o r e o n v e r g e n e e s t a ys a t th e p o in t fr o m the d a yt im e t o the n ig ht t im e o n 1 Ju n e
.

D u r in g the p e r io d the a m o u n t o f w a t e r v a p o r a t th e p o in t r a p idly in e r e a s e s (fig u r e

o m it t e d )
, a n d a d is t in e t p r e e ip ita t io n s t a r t s a t 0 2 0 0 B T 2 Ju n e (F ig

.

1 2 b )
.

T h e a b o v e r e s u lt s in d ie a t e th a t in the e o n d it io n o f a s a tu a te d a tm o s p h e r e th e

o e e u r r e n e e o f (a g e o s tr o p h ie flo w ) b a la n e e m a y le a d to th e lo e a l a n o m a ly o f m e s o s e a le

e ir e u la t io n , a n d the in e r t ia l g r a v ity w a v e s a r e e x e it e d in u n b a la n e e d flo w a r e a s ,

le a d in g t o

the d is p e r sio n o f e n e r g y a n d th e in e r e a s e in th e v e r tie a l a n d h o r iz o n ta l s he a r s o f w in d

fie ld s ,

w hieh w ill in t u r n e a u s e the s he a r a n d a sy m m e t r ie in s t a b ilit ie s o f the a tm o s p h e r e ,

a n d 15 th u s fa v o r a ble t o th e g e n e s is o f n ew d is t u r b a n e e s
.

V ll
.

CO N CL U S IO N S

T o s u m u p
,

th e r a p id s tr e n g the n in g o f the s u bt r o p ie a l h ig h b r e a k s the g e o s t r o p h ie

b a la n e e ,

le a d in g t o the r a p id in e r e a s e in th e r e g io n a l p r e s s u r e g r a d ie n t a n d th e n th e

in e r e a s e in th e C o r io lis fo r e e (fv )
.

T he o e e u r r e n e e o f u n b a la n e e d flo w fie ld s t r ig g e r s

in e r t ia l g r a v ity w a v e s , a n d th r o u g h th e d iv e r g e n e e / e o n v e r g e n e e o f d e v ia t io n w in d s th e

u n b a la n e e e n e r g y 15 d is p e r s e d o u tw a r d s
.

T he th e o r e tie a l a n a lys e s a n d n u m e r ie a lly

s im u la t e d r e s u lt s s u g g e s t tha t g r a v ity w a v e s m a in ly p r o p a g a t e n o r thw a r d s a lo n g th e

s o u th w e s t s t e e r in g flo w
.

T h e in t e r a e tio n o f d is t u r b a n e e s a n d la t e n t he a t r ele a s e als o in flu e n e e s th e
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s t r e n g the n in g a n d p r o p a g a t io n o f g r a v ity w a v e s
.

T h e e o n v e rg e n e e o f th e p e r t u r b a t io n flo w

fie ld s tr ig g e r e d b y g r a v it y w a v e s r e in fo r e e s th e s o u thw e s t L L J a n d th e e o n v e r g e n e e o f

w a te r v a p o r flu x e s ,
thu s r e s u ltin g in the e n ha n e e m e n t o f e o n v e e t io n

,
the r ele a s e o f la t e n t

he a t
, a n d th e r e d u e t io n in the a ir d e n s ity p w ithin m e s o s e a le (lo e a l) a r e a s ,

w h ie h in tu r n

e a u s e s th e Io w le v el e o n v e r g e n e e a n d th e s t r e n g the n in g o f g r a v ity w a v e s
.

M e a n w hile
,

a e e o r d in g t o th e p r in e ip le o f g e o s tr o p hie ba la n e e ,

w h e n th e d e n sity r e d u e e s a n d f d o e s n o t

eh a n g e ,
th e n u w ill in e r e a s e ,

th u s fa v o r a b le t o th e s t r e n g th e n in g o f w in d e s p e e ia lly in the

a r e a s w h e r e w a t e r v a p o r 15 p le n t ifu l
.

A t la s t the s o u thw e s t L LJ 15 e v id e n tly s t r e n g the n e d
.

T h e e o n v e r g e n e e a n d s he a r o f w in d s p e e d m ay o e e u r in th e je t b e lt a n d it s v ie in ity
,

in d u e in g la r g e r d is t u r b a n e e s , a n d p la y in g a n im p o r ta n t r o le in th e tr a n s p o r t a n d

e o n e e n t r a t io n o f w a t e r v a p o r
.

E s p e e ia lly in th e le ft fr o n t o f th e ie t
,

m e s o 一

p
o r m e s o 一

下

e o n v e e t iv e sy s t e m s fr e q u e n tly o e e u r ,

w h ieh fa e ilit a te th e g e n e s is a n d e n h a n e e m e n t o f

t o r r e n t ia l r a in
.

T hu s it e a n be s e e n th a t d u e t o the s u d d e n w e s tw a r d
一 s t r e t eh in g

一 n o th w a r d
-

ju m p in g o f s u bt r o p ie a l hig h
,

the g e o s tr o p h ie b ala n e e 15 d e s t r o ye d
, a n d the n the

a g e o s t r o p h ie flo w e x e it e s in e r tia l g r a v ity w a v e s ,

le a d in g t o th e e n h a n e e m e n t o f s o u thw e s t

L LJ a n d w a t e r v a p o r flu x e o n v e r g e n e e , a n d th u s to the s t r e n g the n in g o f M e iyu fr o n t

to r r e n t ia l r a in
.

T h is 15 ju s t o n e o f th e m e e ha n ism s fo r th e e n h a n e e m e n t o f M e iyu fr o n t

t o r r e n t ia l r a in in d u e e d by th e s u d d e n w e s tw a r d
一s t r e t eh in g

一
n o r th w a r d

一

iu m p in g o f

s u b tr o p ie al h ig h
.

T h is p a p e r fo e u s e s a tt e n t io n o n a n a ly z in g th e e ffe e ts o f th e g e n e sis a n d

p ro p a g a tio n o f in e r tia l g r a v ity w a v e s o n M e iyu fr o n t t o 全r e n t ia l r a in
,

ho w e v e r e o n sid e r in g

the 。o m p le x ity o f t o r r e n tia l r a in g e n e s is
,

it 15 fr eq u e n tly a r e s u lt o f th e io in t e ffe e t o f m a n y

fa e to r s , s u e h a s the in t e r a e t io n o f u p p e r a n d lo w e r le v e l ie t s
,

th e t r a n s fe r a n d e o n v e r g en e e

o f w a t e r v a p o r ,
the r e le a s e o f u n s t a b le e n e r g y a n d the fo r m a tio n o f v e r t ie a l e ir e u la t io n s ,

e t e
.

T h e r e fo r e ,

m o r e e o m p r e he n siv e a n d sys t em a tie a n alys e s o f m e e ha n is m fo r t o r r e n tia l

r a in r em a in t o b e d o n e in fu t u r e
.
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