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MO IST PO T E N T IA L V O R T IC IT Y D IA G N O SIS O F A M E IY U

FR O N T A L H E A V Y R A IN PR O C E SS SIM U L A T IO N

D U R IN G SU MME R
,

1 9 9 1

Z ha n g J 动g (张 晶 )
,

D e p a r tm e n t o f G e o p h ysie s Pe k in g U n iv e r sity Be ijin g 1 0 0 8 7 1

W e i 7 场Zg jla
n (韦统健 )

D e p a r tm e n t o f A tm o sp he rie S e ie n e e s
,

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

N a n zin g 2 2 0 0 9 3

a n d Z h a n g X 故 n g d on g (张向东 )

Ch in e se A ea d e m y o f M
e t e o r o lo g ie a l S eie n e es

,

B eijin g 1 0 0 0 8 1

R e ee iv ed A p r il 1 0
,

1 9 9 4 : r e v is ed A p r il 2 0 1 9 9 5

A B S T R A C T

In th is Pa P e r th e h e a v y ra ln Pr
oc

e s s fr o m Ju n e 3 0 t o Ju ly 2 1 9 9 1
,

h a s be e n s im u la te d b y MM 4
.

a n d th r ee 一 d im e n sio n a l m o is t p o te n t ia l v o r tie ity d is t rib u tio n o f th e sim u la t io n r e su lt s ha s be e n

e a le u la t ed
.

It 15 s ho w n th a t m o is t Po te n tia l v o r tie ity 15 a n im p o r t a n t Ph ys ie a l v a ria b le t o r ev e a l h e a v y

ra in s t r u e t u r e a n d dy n a m ie m ee h a n ism s
.

N e g a tiv e m o is t p o te n tia l v o r tieity e o r r e sp o n d s t o t he
M

e 一y u

fr o n t 一w in d sh e a r lin e sys t e m a n d th e n e g a riv e ee n t e r e o r r e sp o n d s t o t he h e a v y r a in ee n t e r
.

N e g a tiv e

m o is t Po t e n tia l v o r tie ity m a in ly a t t r ib u t e s t o th e e ffe et s o f m e rid io n a l ba r
oc lin ie te r扭 a n d e o n v e e tiv e

u n s ta ble t e rm
.

T he fo r m er 15 fav o u r a ble t o th e m a in t e n a n e e o f z o n a l p r e eip 一t a t io n a n d t he la t t e r 15 the

m e eh a n ism o f th e he a v y ra in e e n te r p r o p a g a tin g a lo n g the r a in be lt
.

T h e he a v y r a in 15 eo n t r ib u te d b y

the e o o p er a tiv e e ffe e ts o f e o n d it io n a l eo n v e e tiv e in s t a bility
.

b a r o e lin ie in st a b ility a n d u p p e r a ir In e r tia l

in s t a b ility
.

K e y w o r d s : m o is t p o te n tia l v o r tie ity
,

h e a v y r a in
,

M
e iy u

.

m es o se a le m o d e l 4 (MM 4 )

1
.

IN T R O D U C T IO N

T he r e oc e u r r e d s e v e r a l he a v y r a in p r o e e s s e s in the C h a n g jia n g
一

H u a ihe r e g io n in 1 9 9 1
.

w h ie h r e s u lte d in a n u n p r e e e d e n te d flo o d d is a s t e r
.

T he r e fo r e
,

t he he a v y r a in s t u d y ha s b e e n

e m p ha s iz e d
.

H o w e v e r
,

th e s p a e ia l a n d t e m Po r a ls e a le o f the he a v y ra in p r o e e s s 15 s m a lla n d th e

r e g u la r d a ta e a n n o t s a t isfy the n e e d s o f s u e h m e s o s e a le he a v y ra in s tu d ie s
.

C o n s e q u e n tly
,

th e

d ia g n o s is o f n u m e r ie a l s im u la t io n d r a w s m u e h m o r e a tt e n tio n g r a d u a lly (Z h a n g a n d C ho

1 9 9 2 )
.

In t his p a p e r
,

the h e a v y r a in p r oc e s s d u r in g 0 0 0 0 G M T Ju n e 3 0 thr o u g h 0 0 0 0 G M T

Ju ly Z
,

1 9 9 1
,

15 a n a ly
z e d o n th e b a s is o f n u m e r ie a l s im u la tio n

.

T h e r e se a re h h a s be e n

d e v elo p e d o n u s in g m o is t p o te n tia l v o r t ie ity (MP V ) t o d ise u s s the m o is t sym m e tr 一e s t ab ilit y o f

m e so s e a le w e a t he r s y s t e m s in r e e e n t y e a r s
.

O n th e th e o r e tie a l s id e
,

H o s kin s (1 9 7 4 )
,

B e n n it s

a n d H o skin s (1 9 7 9 )
,

E m a n u e l (1 9 7 9 ) a n d X u (1 9 8 6 ) d is e u s se d tw o 一

d im e n s io n al m o is t

s ym m e tr ie s t ab ilit y
.

N e g a tiv e MP V in the m o is t u r e a t m o s p h e r e 15 e o r re s p o n d e n t to m o is t

s ym m e tr ie in s t a bility
.

B e n n it s a n d H o s kin s (1 9 7 9 )
,

a s w e ll a s R e u t e r a n d Y a u (1 9 90 )
,

u s e d
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th is th e o r y to d ise u s s th e fo r m a tio n o f th e fr o n t al r a in belt s tr u e t u r e a n d th e m e e ha n is m o f th e

r a in be lt d e v e lo p m e n t
.

Z ha n g a n d Ch o (1 9 9 2 ) e x p la in e d MP V e o n e e p t fr o m tw o 一

d im e n s io n al

t o th r e e 一

d im e n s io n a l fr a m e a n d s t u d ie d th e s q u a ll lin e s t r u e t u r e
.

T h ey s u e e e ssfu lly e x p la in e d

tha t th e p r e e ip ita t io n in th e s t r a tifo r m r e g io n be h in d the s q u a ll lin e w a s a s s o e ia t e d w ith the

rn o is t s ym m e t r ie in s ta bility
.

In th is p a Pe r
,

MP V o f n u m e r ie a l s im u la tio n o f w e a the r Proc e s s

fr o m Ju n e t o Ju ly
,

1 9 9 1 w ill b e a n a ly z e d a n d the d y n am ie st r u e t u r e a n d m e eh a n is m o f the

he a v y ra in p r o e e s s w ill be d is e u s s e d
.

Fir s t
,

we w ill b r iefly in trod
u e e the n u m e r ie al m o d el

MM 4 : s e e o n d
,

a n a ly z e th e w e a the r Pa tt e rn a n d the P r e e iPit a tio n d ist r ib u t io n o f this he a v y

ra in ; th ird
,

d y n a m ie a lly a n a ly z e MP V o f sim u la t io n r e s u lt s : a n d fin ally
,

d ise u s s m a in

e o n elu s io n s
.

11
.

M O D E L D E S C R IPT IO N

In this p a p e r
,

th e m e s o s e a le n u m e r ie a l m od
elMM 4 15 a d o Pt e d fo r s im u la tio n

.

T h e m o d el

h a s the fo llow in g m a in eh a ra e t e r is tie s :
T he ho r iz o n t al g r id sys tem a d o p t s A r a ka w a B 梦id s

,

V e r t ie ally
,

th e m od
e l u s e s S ig m a 一 e o o r d in a te a n d th e r e a r e t e n ir re g u la r ly sp a e e d le v e ls

.

T h e

ro p le v e l is P
。

一 1 0 0 hPa
.

T he h or iz o n ta l g r id 印a e in g 15 6 0 k m
.

T h e r e a r e 4 1 义 4 0 g r id p o in t s

in th e m od
e l a r e a a n d th e m o d e l e e n te r 15 loc a te d a t 3 6

o

N
,

1 1 7
O

E
,

T he m a in p h ys ie a l p r oc e s s e s o f m o d el a r e a s fo llo w s :

(1 ) C a le u la t in g s u r fa e e t em p e r a t u r e by u s e o f s u r fa e e he a t b a la n e e e q u a t io n
.

(2 ) U si n g h ig h r e s o lu t io n m od
el t o d e a l w ith pla n e t a r y bo u n d a r y e o n d itio n

.

(3 ) A d o p t in g K u o 一

A n th e s e u m u lu s e o n v e e t ive p a r am e te r iz a tio n s ehe m e
·

(4 ) U s in g t im e 一

d e p e n d e n t b o u n d a r y e o n d it io n a s la te r al b o u n d a r y e o n d it io n
.

(5 2 A d o p t in g ho r iz o n t al a ri d ve r tie a ld iffu sio n s
,

T h e h e a v y r a in p r o e e s s d u r in g Ju n e 3 0 thr o u g h Ju ly 2 ha s b e e n in t e g r a t e d fo r 4 8 ho u r s by

MM 4 in th is PaP e r
.

111
.

W E A T H E R PA T T E R N A N D P R E C IPIT A T IO N D IS T R IB U T ION

T h e r e e x is te d the t yp ie a l tw o b lo ek in g h ig h e ir e u la t io n p a tte r n s
,

w hie h 15 a ble to r e s u lt in

M e iyu
,

fr o m 0 0 0 0 G M T Ju n e 3 0 t o 0 0 0 0 G M T Ju ly Z
,

1 9 9 1
.

T he tw o blo e kin g hig h s

em b e d d e d in w e s te rly b e lt w e r e lo e a ted a t the m id
一

A s ia a n d th e s e a o f O k h o t sk r e s p e e t iv e ly
.

T h e r e a p p e a r e d a lo w v a lu e s ys te m fr o m L ak e B a yk al t o the

Bo ha i G u lf
.

T he p o la r fr o n t a r e a

w a s o bv io u s a n d the Pa e ifie s u b tr o p ie a l hig h p e n e tr a t e d in t o th e S o u th C hin a r e g io n
.

T h e

s u r fa e e eye lo n e 一 e o ld fr o n t sys t em
,

o r ig in ally situ a te d fr o m M o n g o lia
,

N o r th C hin a to th e

n or t h e r n p a r t o f S ieh u a n Pr o v in e e
,

m ig r a t e d g r a d u a lly s o u the a s tw a r d
.

U p to a n d aft e r 0 0 0 0

G M T Ju ly l
,

the a b o v e m e n tio n e d S y s t em a rr iv e d in the a r e a s fro m the Ja p a n Se a to th e m id

a n d lo w r e a e he s o f th e C ha n g jia n g R iv e r a n d be e a m e a q u a s i
一 s t a t io n a r y fr o n t

.

L a t e r o n
,

th e

w e s t e r n p a r r o f th e q u a s i
一 s ta tio n a r y fro n t w e a ke n e d

.

C o r re sp o n d in g to the s u r fa e e q u a s i
-

s ta t io n a r y fr o n t
,

th e r e e x is t e d a C ha n g jia n g
一

H u a ih e w in d s he a r lin e sys t em in t he m id a n d lo w

tr o p o s p he r e
.

T he p r e e ip it a t io n a p p e a re d b e tw e e n th e q u a si
一s t a t io n a r y fr o n t a n d th e w in d sh e a r

lin e a n d a s s u m e d z o n al d is t r ibu tio n
.

MM 4 s u e e e s sfu lly s im u la t ed a b o v e w e a th e r sys t em d is t r ib u tio n s a n d e v o lu t io n Pr o e e s s e s

(fig u r e s n e g le e te d 2
.

T h e r e fo r e
,

the m 记
el o u tp u ts p r o v id e s p a t ia l a n d tem p or al in t e n sive

d e n s ity a n d d y n a m ie a lly e o h e r e n t d a t a s e t fo r d ia g n o s e s
.

T he sim u la te d P re e ip it a tio n 15 elo s e t o
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T h e s im u la t e d p r ec ip it a t盛o n d i s tri b u tjo n s e v e r y 1 2 h o u r s fr o m 0 0 0 0 G M T Ju n e 3 0 t o 0 0 0 0 G M T

Ju ly Z ( u n it : m m )
.

t h e o b s e r v e d o n e ( fig u r e s n e g le e t e d )
.

T he e e n t e r s o f b o t h s im u la t e d a n d o b s e r v e d

p re e ip ita tio n s a re a p p r o x im a t e ly e o n s is t e n t e x e e p t t ha t th e s im u la t e d p r e e ip ita t io n 15 le s s th a n

t he o b se r v e d o n e
.

Fig u r e 1 g iv e s t h e s im u la t e d p r e e ip ita tio n d is t r ib u t io n s e v e r y 1 2 h o u r s
.

It

e a n b e s e e n th a t t he p r e e ip ita t io n e e n t e r 15 s it u a te d in t he s o u thw e s t a r e a o f C h in a (i
.

e
,

3 0
0

N
,

1 I O
o

E )
.

A ft e r Ju ly l
,

it w e a k e n e d
.

F ro m Ju ly 1 to Ju ly Z
,

t h e r e o e e u r r e d t w o h e a v y r a in

p ro e e s s e s in th e Ch a n g jia n g 一
H u a ih e r e g io n

.

T he fi r s t o n e o r ig in a lly a p p e are d to t he e a s t o f th e

D a b i e M o u n t a in s a t 0 0 0 0 G MT Ju ly 1 a n d t h e n m ov e d e a s tw a r d g r a d u a lly
.

I t w a s a lo n g t h e

e o a s t a t 1 2 0 0 G M T Ju ly 1
.

T he p r e e ip ita tio n am o u n t e v e r y 1 2 h o u r s 15 m o r e th a n 1 0 0 m m
,

a

v e r y he a v y r a in p r o e e s s
.

T he se e o n d o n e o r ig in ally a p p e a re d in t h e D a b ie M o u n t a in s r e g i o n a n d

t h e n m o v e d e a s tw a r d
:
It w a s n e a r 1 ZO

o

E a t 0 0 0 0 G MT Ju ly 2
.

T he p r e e iPita tio n a m o u n t e v e r y

1 2 ho u r s w a s b e t w e e n 6 0 m m a n d 10 0 m rn
.

I V
.

M PV ST R U C T U R E A N D D Y N A M IC M EC H A N I SM O F H E A V Y R A I N S Y ST EM S

1
.

Ca lc u la tlon M
e th耐 of MP V

T h r e e 一

d im e n sion alM PV in th e 之一 e
oo

rd in a t e 15 e x Pr e s s e d a s
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, ,

1 了J 民{ 口切 口二 ) J 氏/ 日u 口w ) 刁氏{ J v 刁u
. 。

) 、
义V1 厂V 一 , 丁 } 又一 } 二丁一-

一 又一-

}十 二一 } 又一 一
二下一 }十 百一 }万一 一 二一 十 J } i

,

以 少
产 、 口 x 戈d y 口 之厂 口 y ( 口 z 口 x 尸 口 z ( 口 x 口 y / 尸

w he r e u v a n d w a r e w in d e o m p o n e n t s in x
,

夕 a n d 2 d ir e e t io n s r e sp e e t iv e ly
.

尸 15 a ir d e n s it y
.

民 15 e q u iv a le n t p o t e n tial tem p e r a t u r e a n d f 15 C o r io lis p a ra m e te r
.

T he fo r rn e r tw o t e r m s o f

r ig h t s id e o f ab o v e fo rm u la re p r e s e n t the e o n t r ib u tio n s o f a t m o s p he r ie b a r o elin ity
.

T h e third

te r m r e p r e s e n ts th e e o n tr ib u t io n s o f e o n v e e t iv e s ta bility a n d in e r t ial s t abilit y
.

T he e ale u la t io n

r e s u lt s s ho w t ha t th e v a lu e o f th e th ir d te r m 15 th e la r g e s t
.

T he r efo r e
,

the n e g a t iv e e o r r ela t io n

b e tw e e n 日民/ 日 2 a n d 〔(a v / 刁x ) 一 (刁 u / 日y ) + 力
e a n r e s u lt in n e g a t iv e M PV

,

th a t 15 to s a y

th e r e oc e u r s sym m e t r ie in s ta bilit y
.

U s u a lly
,

w e u se Po te n t ia l te rn Pe r a t u r e in Pla e e o f e q u iv a le n t

p o te n t ia l t em p e r a t u r e in MPV
,

a n d e a n o b t a in E r t el p o t e n tial v o r t ie it y
.

E r te l p o te n t ia l

v o r t ie ity 15 e o n s e r v a t iv e in the in v is e id a n d a d ia b a tie a t m o sPhe r e
.

H o w e v e r
,

in the m o is t u r e

a tm o sPh e r e M PV 15 e o n se r v e d o n ly u n d e r s a t u r a tio n e o n d itio n o r in th e tw o 一

d im e n s io n a l

fr arn e
.

Z h a n g a n d Ch o (1 9 9 2 ) s im u la ted a s q u a ll lin e p r o e e s s u sin g MM 4 a n d e a le u la t e d its

M PV
.

S in k s a n d s o u r e e s g iv e r ise t o th e n o n 一e o n s e r v a tio n o f M PV
.

T he s e s in k s a n d s o u r e e s

in e lu d e n u m e r ie a l d iffu s io n
,

e o n d e n s a t io n a n d m e lt in g
,

liq u id w a t e r e o n t e n t
,

a s w e ll a s

e o n v e c tio n a n d tu r b u le n e e p a r a m e t e r iz a t io n s
,

e te
.

B u t Z h a n g a n d Ch o (1 9 9 2 ) in d ie a t e tha t

th e s e s in k s a n d so u r e e s a r e s e e o n d a r y t o MP V
,

w h ile th e effe e t s o f the r e s o lv a ble se ale s q u a ll

lin e e ir e u la tio n a r e Pr e d o m in a n t
.

T h e s e e a le u la t io n r e s u lt s a r e e o n sis te n t w ith o b s e r v a tio n

a n a lyse s
.

C o n se q u e n tly
,

t o s o m e d e g r e e
,

MP V e a n be e o n s id e r e d a s a q u a s i
一 e o n s e r v a tive

v a r ia ble in d is e u s sin g the a p p e a r a n e e a n d d e v e lo p tn e n t o f d y n a m ie in s t ab ility
.

T he e ale u la t io n s

in this P a p e r fu r the r s ho w tha t M PV s t r u e t u r e 15 Pr e d o m in a n tly d e te r m in e d by th e h e a v y r a in

sy s te m e ire u la t io n s a n d t h e n v e r ify th e ab o v e s t a t em e n t
.

N e x t
,

w e w ill in tr o d u e e the

e ale u la tio n m e th o d o f M PV
.

F ir s t
,

th e o u tp u ts o f MM 4 a r e in te r p o la te d in t o th e Z
一 e
oo

r d in a te
.

A n d th e n MPV 15

e a le u la te d u s in g d iffe r e n e e m e tho d
.

In o r d e r t o g e t r id o f th e la te r a l b o u n d a r y e ffe e t s
,

fiv e -

e yele g r id v a lu e s n e a r th e la te r al bo u n d a r y in th e o u t p u ts ha v e b e e n r e m o v e d
.

T he g r id p o in t s

e ha n g e fr o m 4 1 又 4 0 to 3 1 X 3 0
.

T h e e a le u la tio n d o m a in 15 2 8
o

N 一 4 3
o

N
,

lo 7
o

E 一 1 2 7
o

E a n d

the g r id s p a e in g 15 6 0 km
.

B e e a u s e o f t o p o g r a p hie e ffe e t a n d e a le u la t io n ab ility
,

ir r e g u la r

in te r v al 1 9 le v e ls a r e a d o p te d v e r t ie ally
,

w ith 2 0 0 m fr o m le v e ls 1 to 6
,

5 0 0 m fr o m le v e ls 6 to

1 0 a n d 1 0 0 0 m fr o m le v e ls 1 0 to 1 9
.

T h e r e fo r e
,

th r e e 一

d im e n sio n a lMP V e a n be e a le u la t e d
.

2
.

石肠月之伽艺以 St ru ct u re o f M尸V

Fig u r e 2 g ive s M PV ho r iz o n ta l d is tr ib u t io n
.

In th e lo w le ve l
,

a t 0 0 0 0 G M T Ju n e 3 0
,

MP V w a s n e g a tiv e o v e r a la r g e p a r t o f C hin a
.

A n e g a tiv e M PV belt
,

w ith thr e e e e n t e r s in the

In n e r M o n g o li a
,

N o r th C h in a a n d the So u th w e s t C h in a r e s p e e t iv e ly
,

w a s lo e a t e d b eh in d the

s u r fa e e e o ld fr o n t
.

T h is in d ie a t e s tha t the e o ld fr o n t s ys te m a s s u m e d v e ry s tr o n g n e g a t iv e

M PV s r r u e tu r e in the lo w e r a t m o s p he r e
.

T he n e g a tiv e e e n te r in th e So u th w e s t Ch in a

e o r re s p o n d ed t o th e S o u thw e s t v o r te x a n d th e s u r fa e e in v e r t e d tr o u g h
,

w h ile a la r g e a r e a o f

p o s itiv e MP V ju s t e or r e s p o n d e d to th e s u b tr o p ie a l hig h
.

T h e lo w le v e l M PV d is t r ib u tio n

r e fle e t e d w ell the alloc a t io n s o f the lo w le v el w e a t he r sys te m s
.

A t 1 2 0 0 G M T Ju n e 3 0 (fig u r e

n e g le e te d )
,

the M PV e e n t e r in th e So u thw e s t r e g io n h a d n e a r ly n o m o v e m e n t
.

B u t it s

in t e n s it y o bv io u sly in e r e a se d
.

C o r re sPo n d e n t ly
,

the r e oc e u rr e d a m o r e in te n siv e p r e e ip ita tio n

p r o e e s s in th is r e g io n (F ig
.

la )
.

A ft e r w o rd s
,

th e e yelo n e 一 e o ld fro n t sy s t e m m o v e d s o u thw a r d
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2
.

( a ) 一 (e ) M P V d is t r ib u ti o n s e v e ry 2 4 h o u r s

Ju ly 2
.

(d ) MP V d i s t r ibu t io n a t 1 1 0 0 0 m o n

o (u n i t : 1 0
一

8 m Z k s 一 ’ k g 一 ‘)
.

。t 1 5 0 0 m fr o m 0 0 0 0 G M T Ju n e 3 0 t o 0 0 0 0 G M T

0 0 0 0 G M T Ju ly 1
.

So lid li n e : ) 0 d a s he d lin e :
<

a n d b e e am e s t a t io n a r y g r a d u ally i n t h e C ha n g jia n g
一

H u a ih e r e g io n a t 0 0 0 0 G M T Ju ly 1
.

A s so e ia t e d w it h t h e e o ld fr o n t
,

th e n e g a t iv e b e lt m a in t a i n e d i ts s ta t e a n d a lso p r o p a g a t e d

s o u th w a r d
.

A t 0 0 0 0 G MT Ju ly l
,

t he n e g a t iv e M PV b e lt w i t h e a s t
一

w e s t o r ie n t a t io n w a s

lo e a t e d in th e C h a n g iia n g
一

H u a ih e r e g io n
.

T h e r e fo r e
,

t h e e o ld fr o n t w h ie h p ro p a g a t e d

s o u t h w a r d b r o u g h t a b o u t a la r g e am o u n t o f n e g a t iv e MP V a n d r e s u lt e d in a la r g e n e g a t iv e

M PV b e lt in t he C ha n g iia n g
一

H u a ih e r e g io n
.

A t 0 0 0 0 G MT Ju ly l (F ig
.

Zb )
,

th e r e a p p e a r e d a

s t r o n g e e n t e r in t h
e n e g a t iv e M PV b e lt (1

.

e
.

3 2
o

N
,

1 1 8
o

E )
.

T h is e e n t e r w a s e o r r e s p o n d e n t

t o t he s t r o n g e s t p r e e ip it a t io n in t he C ha n g jia n g R iv e r v alle y (F ig
.

lb )
.

A t 12 0 0 G MT Ju ly l

( fig u r e n e g le e t e d ) t his n e g a t iv e e e n t e r s hift e d e a s tw a r d
,

a n d
,

e o rr e s Po n d in g ly
,

th e h e a v y

r a in e e n t e r a ls o s h ift e d to t he e o a s t o f t he E a s t C h in a
.

B o th p o s it io n s w e r e e o rn p le t e ly

e o n s is t e n t
.

S im ila r to t his Pr oc e s s
,

t he o t he r n e g a t iv e MP V e e n t e r fo r m e d w h e n t h e a b o v e

m e n tio n e d e e n t e r shift e d t o th e e o a s t
.

T he n e w e e n t e r g a v e r is e t o t h e s e e o n d h e a v y r a i n

e e n t e r
,

a n d m o v e d a t 3 2
o

N
,

1 2 5
o

E a t 0 0 0 0 G MT Ju ly 2
.

A e e o r d in g ly
,

i t e a n b e s e e n t ha t th e

n e g a t iv e M PV b e lt in t h e lo w le v e l r e fle e t s w e ll t he lo w le v e l M e iy u fr o n t
一

w in d s he a r Iin e

s ys t e m
,

w hile th e s t r o n g n e g a t iv e e e n t e r e m b e d d e d in t he b e lt a lw a ys e o r r e s p o n d s t o th e h e a vy

r a in e e n t e r
.

T h is s u g g e s t s th a t n e g a tiv e MP V 15 a n im p o r ta n t m e e h a n is m t r ig g e r in g he a v y r a in

P r0 C e s s e s
.
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T he u p p e r Ie v el thr e e 一

d im e n s io n al M PV d is tr ib u t io n 15 e o m p le t ely e o n sis t e n t w ith the

u p p e r le v e lje t d is tr lb u t io n (fig u r e n e g le e t e d ) (W
e i a n d Z h a n g 1 9 9 5 )

.

A t 0 0 0 0 G M T Ju n e 3 0

(fig u re n e g le e te d )
.

p o s it iv e M PV p r e v a ile d o v e r the w ho le g r id d o m a in a n d a s s u m e d z o n a l

d is rr lb u tlo n
.

L a t e r o n
,

w it h t he u p p e r le v e l ie t s p litt in g in t o t he s o u th e r n a n d th e n o r t he r n

b r a n e he s
,

th e r e a lt e r n a t iv e ly a p p e a r e d th re e la r g e a n d sm all z o n a lr e g io n s o f MPV a lo n g th e je t

o r ie n t a t io n t o th e n o r t h o f 3 5
o

N (Fig
.

Zd )
.

T h e n o r the r n la r g e v a lu e r e g io n e o r re s p o n d e d to

t he p o s it iv e sh e a r v o r t ie ity r e g io n o f th e n o r th e r n ie t
,

w hile th e so u th e r n la r g e v a lu e r e g io n

e o r r e s p o n d e d t o th a t o f th e s o u th e r n je t
.

T he s m a ll v a lu e r e g 一o n b e tw e e n th e ab o ve tw o la r g e

v a lu e r e g io n s e o r r e s p o n d e d t o th e n e g a t iv e sh e a r v o r tie it y be lt be tw e e n the n o r the r n je t a n d t he

u p p e r le v e l s m a ll w in d a r e a
.

In a d d itio n
,

the r e a p p e a r e d a sm a ll a re a o f n e g a tiv e M PV n e a r

3 2
o

N
,

1 1 8
o

E
,

w h ie h e o r r e s p o n d e d t o th e s t r o n g ra in fa ll e e n te r a t 0 0 0 0 G M T Ju ly 1
.

T h is

a t tr ib u te s to t h e in t e n s iv e e o n v e e tiv e v e r tie a l tr a n s p or t w h ieh b r o u g h t th e lo w le v el n e g a tiv e

MP V e e n t e r u p t o th e u p p e r le ve l (F ig
.

Zb )
.

F ig u re 3 d e p ie t s th e d is tr ib u t io n s o f e a e h te r m o f MP V in the lo w e r a t m o s p he r e
.

It e a n

b e s e e n g e n e r a lly tha t t he M PV d is tr ib u tio n 15 p r im a r ily e o n s is te n t w ith the d is tr ib u t io n o f t h e

th ir d r e r m (M PV )
: .

T h a t 15 to s a y
,

the n e g a tiv e M PV e e n te r 15 Pre d o m in a n tly e o n tr ib u t e d b y

e o n v e e t iv e s ta bility a n d a b s o lu te v e r tie a l v o r tie ity
.

B u t
,

a e e o rd in g t o F ig s
.

3 b 一 3d it e a n b e

se e n th a t th e e o n tr ibu t io n o f the s e e o n d t e r m (MPV ) , t o th e n e g a tiv e M PV belt e a n n o t b e

n e g le e te d a n d it s o m e tim e s h a s the s am e o r d e r a s the th ir d t e r m
.

A s w e ll k n o w n
,

th e n o r th

e o ld fr o n t h a s v e r y s tr o n g ba r o e lin ity
.

T h e m e r id io n al g r ad ie n t o f e q u iv a le n t p o te n tia l

t em p e r a t u r e 15 ve r y la r g e
,

a n d the s e e o n d te r m o f MPV d e se r ib e s this eh a r a e te r
.

T he

e o n tr ib u t io n o f th e fir s t te r m d e se r ibin g z o n a l b a r oc lin it y
,

15 th e s m a lle s t (Fig
.

3 a )
.

W
e w ill

fu rt he r a n a ly z e the la s r te r m o f MP V a s fo llo w s
.

A T 0 0 0 0 G M T Ju n e 3 0
,

the thir d t e r m

(M PV )
:

h a d thr e e n e g a tiv e e e n t e rs s it u a ted in the

So
u th w e s t r e g io n

,

th e N o r th C h in a a n d th e

In n e r M o n g o lia
,

w hieh w e r e t he s a m e a s the p o s itio n s o f t hr e e n e g a tiv e MP V e e n te r s sh o w n in

Fig
.

Za
.

A t t his tim e
,

t he v a lu e o f (M PV ) , 15 s m alle r (Fig
.

3 b )
.

A t 1 2 0 0 G M T Ju n e 3 0

(fig u r e n e g le e te d )
,

the n e g a tiv e (MPV )
: e e n t e r w hie h w a s o r ig in a lly s it u a te d in the In n e r

M o n g o lia m o v e d e a s tw a r d
,

th e n e g a t iv e (M PV )
: e e n te r w h ieh w a s s itu a te d in the N o r th C hin a

w e a ke n e d a n d th e n e g a tiv e (MPV )
: e e n te r w hieh w a s s itu a te d in th e S o u thw e s t r e g io n fu r the r

in te n s ifie s
.

T he s e w e r e e o m p le t ely e o n sis te n t w ith n e g a t iv e M PV in t e n sifie a tio n in th e

So u th w e s t r e g io n a n d o e e u r r e n e e o f a h e a v y r a in P r o e e s s
.

In th e m e a n tim e
,

(MP V ) , a ls o

in t e n s ifie d a n d fo r m e d a little s tr o n g n e g a t iv e e e n te r in S h a n d o n g Pr o v in e e
.

T he e o m p o s itio n o f

th e d is t r ibu t io n s o f (MPV )
: a n d (MPV )y w a s s im ila r to MPV d is tr ibu t io n

.

A fte r 0 0 0 0 G MT

Ju ly 1
.

t h e o r d e r s o f m a g n it u d e o f b o th (MP V ) , a n d (MP V )
:

w e r e ab o u t the s am e
,

1
.

e
. ,

th e

e o n t r ib u t io n s o f b o t h t e r m s w e r e e q u iv ale n t
.

A lo n g the q u a s i
一 s ta tio n a r y fr o n t

一

w in d she a r lin e
,

(MP V ) y p r
od

u e e d a s t r o n g n e g a t iv e (M PV ) ,

belt w ith a ea s t
一

w e s t o r ie n ta tio n in th e

C h a n g jia n g
一

H u a ih e r e g io n
.

T he s tr u e tu r e o f the b e lt w a s m o r e u n ifo rm
.

T h is r e fle e t s th a t th e

m e r id io n a l m o is t u r e b a r o elin it y e o n t in u o u sly in t e n s ifie d a n d m a in ta in e d w he n th e e o ld fr o n t

m ig r a ted s o u thw a r d a n d be e a m e the Ch a n g jia n g
一

H u aihe q u a s i
一 s ta tio n a r y fr o n t

.

Ob v io u sly a fte r

0 0 0 0 G M T Ju ly 1 the s t ro n g n e g a t iv e MPV b e lt in the C h a n g jia n g
一

H u a ihe r e g io n d o m in a n tly

r e s u lt e d fr o m the e o n tr ibu tio n o f the e o ld fr o n t m o ist u re b a r oc lin ity
.

A ft e r 0 0 0 0 G MT Ju ly l
,

the r e a p p e a r e d a s tr o n g n e g a tiv e M PV e e n t e r a n d a he a v y r a in fa ll
.

C o m p a r ed Fig s
.

Zb a n d Ze

w ith Fig s
.

3 f a n d 39
,

the s e s tr o n g n e g a tiv e MPV e e n t e r s d o m in a n tly re s u lt fr o m the
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e o n t r ib u t io n o f (MP V )
: ,

1
.

e
. ,

t he e o n t r ib u tio n s o f b o t h e o n v e e t iv e st a bility a n d a b s o lu t e

v e r tie al v o r tle it y
,

w hieh r e s u lte d in t w o s tr o n g n e g a tiv e MP V e e n t e r s in the

Da bie M o u n ta in s

tw ie e
.

T he s e e e n te r s t he n p r o p a g a t e d e a stw a r d a n d r e s u lt e d in tw o h e a v y r a in p r o e e s se s in th e

e a s t e r n r e g lo n
·

A e e o r d in g to ab o v e a n a ly s e s
,

in this h e a v y r a in p r o e e s s
,

a lth o u g h th e r a in be lt fr o m the

S o u thw e s t r e g io n to th e C ha n g iia n g
一

H u a ih e r e g io n e x hibit s n e g a t iv e M PV s tr u e t u r e
,

t he

d yn am ie e a u s e s o f he a v y r a in falls
,

n e g a tiv e M PV a n d t he ir w e a th e r sys t em s in th e e a s te r n p a r t

a n d th e w e s t e r n p a r t o f t he r a in b elt a r e d iffe re n t
.

T h e w e a the r s y st e m o f the w e s te r n he a v y

ra in b e lo n g s t o t he s u b tr o p ie a l sys t em
,

a n d the r a in fa ll r e s u lt
s
fr o m th e So u th w e s t v o r te x

.

In

te r rn s o f e o n tr ib u t io n s o f e a eh te r m o f MPV
,

the n e g a t lv e MPV in So u th w e s t v o r te x 15

re s u lte d in by (M PV )
: ,

1
.

e
.

the e o n v e e tiv e a e tiv itie s a n d t he eyelo n ie s t r u e t u r e
.

T he e a s te r n

he a v y r a in b e lo n g s to th e fr o n t s y s te m
,

w h ieh 15 t he q u a s i
一s t a t io n a r y fr o n t

一

w in d sh e a r lin e

sy s te m p r o d u e ed by th e e o n fr o n t a t io n b e tw e e n t he s o u t he a s tw a r d p r o p a g a t in g e o ld h ig h a n d

t he s u bt r o p ie a l hig h
.

A e e o r d in g t o the e o n tr ib u tio n s o f e a eh t e r m o f M PV
,

the e o n tr ib u t io n s

o f (MP V ) , a n d (M PV )
: a re e q u iv a le n t fo r th e e a s t e r n fr o n t he a v y r a in s y s t e m s

.

(MP V ) ,
,

the

m e r id io n a l m o is t u r e b a r o e lin ie effe e t
,

e o n s tit u te s th e z o n a l s tr u e tu r e o f n e g a tiv e M PV w ith a

e a s r 一w e s t o r ie n t a rio n a n d e o o p e r a te s w ith the fr o n t ra in b elt
.

T he n e g a t iv e M PV e e n te r

p r o d u e e d by (MPV )
: e m b e d d e d in t his s tr u e t u r e e x h ibit s o bv io u s e a s tw a rd m o v in g fe a t u r e

.

T he s e a r e d yn a m ie a l m e e ha n is m s r e s p o n s ib le fo r the la r g e 一 s e a le fr o n t r a in b e lt a n d the

e m b e d d e d m o b ile h e a v y r a in
.

T he re fo r e
,

the p r e e ip ita tio n in th e e a s te r n r e g io n n o t o n ly r e s u lts

fr o m e o n v e e tiv e a e tiv ity bu t a ls o 15 affe e te d b y the effe e ts o f m o is t u r e b a r o e lin ity
.

In o r d e r to b e t te r u n d e r s t a n d m o is tu re Po t e n t ia l v o r tie it y s t r u e tu r e o f th e h e a v y ra in

p r o e e s se s
,

w e w ill a n a ly z e the v e r tie al s tr u e t u r e o f MPV in the fo llo w in g s e e t io n
.

3
,

V e r tic al S t r u c tu r e

of M P V

S t ro n g p r e e ip it a tio n oc e u rr e d in the w e s te r n p a r t o f the r a in b e lt o n Ju n e 3 0
.

F ig u re 4 a

d e p ie t s t he m e r id io n a l v e r tie a l s e e t io n o f M PV a lo n g t he w e st e r n he a v y r ain e e n te r
,

i
,

e
. ,

1 IO
O

E a t 1 2 0 0 G M T Ju n e 3 0
.

A t 0 0 0 0 G M T Ju n e 3 0
,

n e g a t iv e MPV a p p e a re d in th e s o u th

lo w le v el in th e s e e tio n
,

a n d p o s itiv e MPV a p p e a re d in th e n o r th u p p e r le v el
.

T he z e ro lin e o f

MP V a p p e a r e d in a b o u t 4 0 0 0 m (fig u r e n e g le e te d )
.

A t 1 2 0 0 G MT Ju n e 3 0 (F ig
.

4 a )
,

M PV

e ha n
罗d in t o n e g a t iv e v a lu e o v e r th e w ho le lo w p a r t o f the s e e t io n

.

T he n e g a tiv e e e n t e r in th e

S o u th w e s t r e g io n o bv io u sly in t e n s ifie d
.

In t e r m s o f v e r t ie a l v elo e ity d is tr ib u t io n (fig u re

n e g le e re d ) rhere w a s s tr o n g u pw a r d m o tio n in this p o s it io n
.

A t th is t im e
,

the r a in fall w a s

a b o u t 1 0 0 m m p e r s ix h o u r s
.

A e e o r d in g to a b o v e a n a ly s e s
,

th e n e g a tiv e M PV e e n t e r m a in ly

a t t r ib u t e s t o the e o n t r ib u tio n o f the third te r m (MP V )
: .

It 15 n o d o u b t tha t th is Pr e e iPita tio n 15

e o n v e e t iv e o n e
.

A ft e r th e e a le u la tio n o f tw o fa e t o r s o f (MPV )
:

一 a b s o lu t e v e r t ie a l v o r t ie it y a n d

e q u iv a le n t P o te n t ia l t e m Pe r a tu r e it 15 fo u n d tha t th e r e w a s a p o sitiv e v o r tie ity e e n t e r in the lo w

tr o p o s p h e r e a n d th e in t e n s ity r e a eh e d the s t r o n g e s t a t 1 2 0 0 G MT Ju n e 3 0
.

A lso
,

in th is

r e g io n th e r e e x is t e d e o n d it io n a l u n st ab le a r e a (fig u r e n e g le e te d )
.

B u t in t e r m s o fFig
.

4a
,

th is

e o n v e e t iv e a e tiv ity o n ly oc e u rr e d be lo w 5 0 0 m a n d d id n o t d e v e l叩
u p to the u p p e r le v e l to

m ak e a p r o t r u d in g n e g a tiv e a r e a
.

T h is m ay be the r e a s o n o f sm a ll p r e e ip it a tio n in th is re g io n
.
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9

F ig u r e s 4 b a n d 4 e a r e M PV m e r id io n al
一 v e r t ie al s e e t io n s a lo n g t he e a s t e r n he a v y r a in

e e n te r
,

1
.

e
. ,

1 1 8
o

E
.

It w e n t thr o u g h th e he a v y ra in e e n te r a t 0 0 0 0 G MT Ju ly 1 a n d w a s

e lo s e t o the s e e o n d he a v y r a in e e n t e r a t 0 0 0 0 G M T Ju ly Z (r efe r to Fig s
.

Zb a n d Ze o r Fig s
.

lb

a n d ld )
.

A t 0 0 0 0 G MT Ju n e 3 0 (fig u re n e g le e t e d )
,

th e z e r o lin e o f MP V w a s in t h e m id le v el

a n d s e p a r a t e d th e t r o p o s p he r e in t o th e p o sit iv e a n d the n e g a tiv e a r e a s
.

T h e p o s it iv e a n d the

n e g a tiv e e e n t e r s w e r e lo e a t e d a t a b o u t 4 0
0

N (少= 2 4 )
.

A t 0 0 0 0 G MT a n d 1 2 0 0 G MT Ju n e 3 0

(fig u r e n e g le e t e d )
,

th e u p p e r a n d t h e lo w le v e l p a t te r n s ha d n o o b v io u s eha n g e s
.

A t 18 0 0

G MT (fig u r e n e g le e te d )
,

the r e w a s a n e g a t ive M PV e e n t e r (一 9 5
.

7 ) in the lo w le ve l
,

w hieh

fir s t a p p e a r e d a t 3 5
o

N (夕 = 1 5 )
.

A t 0 0 0 0 G M T Ju ly l (F ig
.

4 b )
,

t h e r e a p p e a r e d a n o the r

s t r o n g e r n e g a tiv e e e n te r
,

w h ie h ha d M PV z e r o is o lin e p ro t r u d e d to 1 2 0 0 0 m
.

A v e r y n a r r o w

n e g a t ive M PV a r e a p e n e t r a t ed the w h o le t r o p o s p he r e
.

B e e a u s e o f th e q u a si
一e o n s e rv a t io n o f

MP V
,

the s e im p ly th a t in t e n siv e e o n v e e t io n to o k p la e e
.

Sim u lt a n e o u sly
,

d o w n w a r d m o v e rn e n t

p r o d u e e d to the n o r th o f th e s t ro n g u p w a rd m o v e m e n t a r e a
,

w h ieh ha d M PV z e r o is o lin e

d e s e e n d e d fr o m 4 0 0 0 m to 1 6 0 0 m a n d e a u s e d th e u Pp e r le v el p o s itiv e MP V tr a n s p o r t

d o w n w a r d
.

A e e o r d in g t o th e v e r tie al v e lo e ity d is tr ib u tio n a t t his t im e (fig u r e n e g le e te d )
,

the r e

w a s a n a r r o w a n d s t r o n g u p w a r d m o t io n a r e a e o rr e s p o n d in g to th e u Pw a r d t r a n s p o r ta t io n o f

n e g a t iv e MP V in the e o n v e e tiv e a r e a
.

A fte r this tim e
,

a s tr o n g n e g a t iv e MP V e e n t e r

m a ln t a in e d in t he lo w tr o p o s p h e r e w ith in the r a n g e o f a bo u t 3 1
o

N 一 3 4
o

N fr o m 0 0 0 0 G M T to

1 8 0 0 G MT Ju ly 1
.

B u t th e z e r o is o lin e s t ill k e p t ho r iz o n t al
.

T his 15 th e r e fle e t io n o f th e q u a s i
-

s t a t io n a r y fr o n t m o is tu r e b a r oc lin ity
.

A t 0 0 0 0 G MT Ju ly Z
,

a n o the r st r o n g e o n v e e t io n too k

p la e e (Fig
.

4e )
.

It s sit u a t io n 15 t he s a m e a s th a t sh o w n in Fig
.

4 b
.

In o rd e r to s t u d y th e effe e ts o f (MPV ) , a n d (M PV )
: o n the h e a v y ra in

,

F ig u r e 5 g iv e s

t he m e r id io n al s e e tio n s o f (MPV )
, a n d (M PV )

: a lo n g 1 1 8
o

E (x = 1 9 ) a t 0 0 0 0 G M T Ju ly 1
.
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一 v e r tie a l see tio n s

.

(a )

a lo n g x 一 5
,

a t 1 2 0 0 G M T Ju ly 3 0
,

(b )

a n d (e ) a lo n g x = 1 9
,

a t 0 0 0 0 G M T Ju ly
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,
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.
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Fl g
.

5
.

‘M P V ) y a n d (M P V )

a n d (b )
.

S o lid I in e :

m e r id io n a l s e e r io n s a lo n g 了= 1 9 a t 0 0 0 0 G M T Ju ly l
,

r e s p e e t iv e ly i n ( a )

) o 二 d a s he d lin e 二
< 0 二 u n , t : 1 0

吕

m Z K s 一 ’

kg 一 J
.

e a n be s e e n th a t
,

b e lo w 1 5 0 0 m
,

t he e o n rr ib u t io n o f (M PV )
:
t o n e g a t iv e M PV 15 d o m in a n t

a n d t l、e e o n t r ib u t io n o f (MPV ) , 15 v e r y s m a ll
.

In t he m id Ie v e l b e tw e e n 1 5 0 0 m 一 4 0 0 O m
,

th e

e o n t r ib u t io n s o f t w o t e r m s a re a lrn o s t e q u a l
.

A b o v e 4 0 0 O m
,

t h e e o n t r ib u t io n o f (M PV ) ,

s
h o w

s
d o m in a n t im p o r t a n e e

.

T h e s e in d ie a t e th a t t h e fr o n t b a r o e lin ie e ffe e ts a r e im p o r ta n t

fa e to r s t o b r , n g a b o u t t he h e a v y r a i n in th e Ch a n g jia n g
一

H u a ihe r e g io n
.

A e e o r d in g to t h e

a b
s o lu t e v o r t ie it y d is t r ib u t io n in t h e s a m e s e e t io n (fig u r e n e g le e t e d )

,

t he r e 15 a n a r r o w s t r o n g

p o s i t lv e ab s o lu t e v o r t i e i ty e e n t e r in 10 0 0 0 m
.

T he e q u iv a le n t p o t e n t ia l t e m p e r a t u r e d is t r ib u t io n

i n t hls s e e t i o n (flg u r e n e g le e t e d ) sh o w s th a t t he r e e x is t th e s t r o n g e s t e o n d it io n a l e o n v e e t iv e

u n s t a ble s t r a r ifie a t io n b e lo w 4 0 0 0 m a n d th e s ta ble s t r a t ifie a t io n e o r r e s p o n d in g to t he u p p e r

le v e l n e g a t iv e vo r tie it y
.

C o n s e q u e n tly 一n the m id a n d low t r o p o s p h e r e s
,

t he in t e n s iv e

e o n v e e t iv e in s ta b ility a n d t he in t e n s iv e p o s it iv e a b s o lu t e v e r t ie a l vo r t ie it y g iv e ris e to a s t ro n g

n e g a t iv e MP V e e n t e r : in th e u p p e r t r o p o s p h e r e
,

t h e in e r t ia l in s t a b ili t y
,

e a u s e d by t h e u p p e r

le v e l Je t (W e i a n d Zh a n g 1 9 9 5 )
,

e o o p e r a t i n g st a ble s t r a t ifie a t io n
,

e o n t r ib u t e s t o n e g a t iv e

M PV
,

H e : e
,

th e M PV v e r t ie al s t r u e t u r e fu r t he r d e m o n s t r a t e s t ha t t h e he a v y r a in in th e

C ha n g jia n g
一

H u a ih e r e g io n d iffe r s fro m t ha t in th e w e s t e r n r e g lo n
.

T h e hea v y r a in in th e

w e s t e r n r e g io n m a in ly a t t r ib u t e s t o th e e o n v e e t iv e u n s ta ble e ffe e t in t h e lo w t ro p o s p he r e
,

w hile

t h e h e a v y r a in in th e Ch a n g iia ri g
一

H u a ih e re g io n m a in ly a t t r ib u t e s to t he e o o p e r a t io n o f t he

e o n v e e t iv e in s ta b ili ty a n d th e fr o n ta l m e r id io n a l b a r o e lin ie e ffe e t in t he lo w t r o p o s p he r e
.

T o

s o m e e x t e n t
,

t h e i n e r t ia l in s t ab ili t y t o rh e s o u th o f th e u p p e r le v e l je t als o p lays a e er t a i n r o le
.

I t e a n b e fo u n d fr o m t he e v o lu t io n o f e v e r y v a r ia ble s th a t
,

in t he C ha n g jia n g
一

H u a ihe

r e g io n a t 0 0 0 0 G M T Ju ly l
,

th e r e a s o n s o f st r o n g n e g a t iv e MPV e e n t e r a n d t h e he a v y r a in

t ak ln g p la e e a br u p t ly a r e :
fi rs t

,

th e fr o n t
,

a r r iv in g i n t he Ch a n g jia n g
一

H u a ihe r e g io n a t 0 0 0 0

G M T Ju ly l
,

b r in g in g a bo u t s t r o n g n e g a tiv e MPV z o n al b e lt ; s e e o n d
,

t he a b s o lu t e v e r t ie a l

v o r t i e i t y a b r u p t ly in e r e a s in g
.

B e fo
r e 0 0 0 0 G MT Ju ly l

,

a e o n v e e t iv e u n s t a ble a r e a m a in ta in e d

I n t h e m ld a n d lo w e r t r o p o s p h e r e in th e C ha n g iia n g
一

H u a ih e r e g io n
.

Its v a r ia t io n w a s sm a ll
.

B u t
,

fr o m 0 0 0 0 G M T Ju n e 3 0 t o 0 0 0 0 G M T Ju ly l
,

t h e a b s o lu t e v e r tie a l v o r ti e ity in e r e a se d

a b o u t t e n t im e s (fr o m 9
.

8 4 又 1 0 一 6 t o 8 7
.

6 5 x 1 o 一 6 5 一 ‘) 5 0 th a t th e s tr o n g n e g a t iv e MPV

c e n t e r fo r m e d
.

T h e v o r t ie i ty in e r e a s in g 15 r e la t e d to th e a e e e le r a t io n o f the s o u th w e s t je t
.

T h e

a e e e le r a t io n o f th e ie t p r o d u e e d a n in t e n s iv e Po s it iv e she a r v o rt ie it y a r e a t o t he n o r t h (W
e i a n d

Z h a n g 1 9 9 5 )
.

A ft e r 0 0 0 0 G MT Ju ly l
,

th e n e g a t iv e MPV w e a k e n e d a n d t h e r a in fa ll
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F ig
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6
.

(a ) 一 (e ) M P V z o n a l
一 v e r tiea l se e tio n s a lo n g

夕= 9 fr o m 0 0 0 0 G M T Ju ly 1 t o 0 0 0 0 G M T

Ju ly 2 e v e ry 1 2 h o u r s
.

So lid lin e :

) 0 ;

d a sh e d lin e :

< 0 (u n it : 1 0 一 8 m Z K s一 ‘

k g 一 ’)
.

片

劫聚燕

1 3 5 7 9 1 1 1 3 15 1 7 1 9 2 1 2 3 2 5

d e e r e a s e d in th e C ha n g iia n g
一

H u a ih e re g io n
.

O n the ho r iz o n ta l fig u r e s
,

it e a n b e s e e n tha t th e

n e g a tiv e M PV e e n t e r p r o p a g a t ed e a s tw a r d
.

T h e e e n te r b e g a n t o in te n s ify a g a in in the

C ha n g jia n g
一

H u a ihe r e g io n a t 1 2 0 0 G MT Ju ly 1
.

By 0 0 0 0 G M T Ju ly Z
,

a n o th e r in t e n s iv e

n e g a tiv e MP V a r e a fo rm e d in th e C h a n g iia n g
一

H u a ihe r e g io n
.

A n d a r a in fa ll e e n te r a p p e a r e d
.

B u t it s in t e n sit y w a s w e a k e r th a n th a t a t 0 0 0 0 G MT Ju ly 1
.

A e e o rd in g to the d is t r ib u t io n o f

e a e h t e r m o f MPV
,

a b s o lu te v e r t ie al v o r t ie ity a n d e q u iv a le n t p o te n t ia l t e m P e r a tu r e a t 0 0 0 0

G M T Ju ly Z (fig u r e n e g le e t e d )
,

it 15 k n o w n th a t th e in te n s ifie a tio n o f n e g a tiv e M PV m a in ly

r e s u lts fr o m t he a t t r ib u t io n o f th e m e r id io n a lb a r o elin ie e ffe e t s
.

B e e a u s e t he s tr a t ifie a t io n in the

C h a n g iia n g
一

H u a ih e r e g io n 15 n e u t r al th e e o n t r ib u t io n o f (MP V )
:

15 sm a ll
.

A t this tim e
,

th e

p r e e ip ita tio n e e n te r 15 e x e ite d by th e m o is t sym m e tr ie in s ta bility p r o d u e e d b y (MPV ) ,
.

Fin ally
,

Fig u r e 6 d e p ie t s the z o n a l
一 v e rt ie a l s e e t io n o f MPV a lo n g 3 2

o

N (夕= 9 ) in o r d e r to

in v e s tig a te the z o n a l v a r ia t io n o f m o is t p o te n t ia lv o r t ie ity d u r in g h e a v y r a in p r oc e s s e s
.

It e a n be

s e e n tha t the fir s t ra in fa ll p r oc e s s in the e a s t e r n r e g io n t o o k p la e e a t 1 1 8
o

E (x = 1 8 ) a t 0 0 0 0

G MT Ju ly 1 a n d
,

1 2 h o u r s la t e r
,

m o v e d e a s tw a r d to 1 2 2
o

E (x = 2 6 ) ; s im u lt a n e o u sly
,

t he

s e e o n d r a in fa ll p r oc e s s b e g a n a t 1 1 6
o

E (x = 1 6 )
.

T he n e g a t iv e MPV in th e lo w le v el a n d the

r a in fa ll e o r r e s p o n d in g t o th e la tt e r w e r e w e a k e r th a n tha t e o r r e sp o n d in g t o the fo r m e r
.

By

0 0 0 0 G M T Ju ly Z
,

t he fir s t p r o e e s s sh ifted o u t s id e the m o d e l d o m a in a n d th e s e e o n d p r o e e s s

sh ifte d n e a r x = 2 7
.

Fr o m F ig
.

6
,

w he n e o n v e e t io n too k p la e e
,

n e g a t iv e M PV in th e lo w le v e l

o bv io u s ly P r ot r u d e d to t he u PPe r tr o Po s p h e r e a t 1 0 0 0 0 m
.

O n t he b o th s id e s
,

Po s itiv e M PV o f

t he u p p e r le v e l e a n t r a n sPo r t d o w n w a r d
.

E s p e e ia lly a t 0 0 0 0 G MT Ju ly Z
,

the r e a r p o s it iv e

MPV e e n t e r a p p e a r e d b elo w 4 0 0 O m
,

T he s e ele a r ly in d ie a te th a t th e m o is t p o te n t ia l v o r t ie ity

s tr u e tu r e e a n w e ll e x p r e s s the eh a r a e t e r s o f the h e a v y r a in p r o e e s s e s
.
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V
.

C ON C LU S IO N S

T hr o u g h a b o v e a n aly s e s
,

thr e e e o n elu s io n s e a n be r e a eh e d a s fo llo w s
.

(1 ) T h r e e 一

d im e n s io n al m o is t p o t e n t ial v o r tie ity 15 a n im p o r ta n t p h ys ie a l v a r ia ble

d e s e r ibin g t he he a v y r a in s t r u e t u r e s a n d it s d y n a m ie m e e ha n ism s
.

T he r a in b elt d is t r ib u t io n s

a r e w e ll e o n s is te n t w ith th e Io w le v el n e g a tiv e MPV b elt d is t r ib u tio n s
.

T h e he a v y r a in e e n t e r

e o r r e s p o n d s the s tr o n g n e g a t iv e MPV e e n te r
.

C o n ve e t io n s h a v e lo w le v el n e g a tiv e MPV

tr a n s p o r t u pw a r d to t h e u p p e r t r oP o sp he r e a n d s im u lta n e o u sly h a v e the u p p e r le v el p o s itiv e

MP V t ra n sPo r t d o w n w a r d
.

(2 ) D u r in g th e s e h e a v y r a in p r o e e s s e s
,

the e o n t r ib u t io n s o f s tr o n g n e g a tiv e MPV

a t tr ib u te t o the p r o d u e tio n o f th e e o n d itio n a l e o n v e e tiv e in s ta bility a n d the a bs o lu te v e r t ie al

v o rt ie it y
,

a s w e ll a s the fr o n t a l m e r id io n a l b a r oc lin ie effe e ts
.

T he in e r tia l in s ta bility in the

p o sit iv e she a r v o r t ie ity a re a to the so u th o f th e u p p e r
le v el je t a ls o p la ys a e e r t a in r o le

,

t o o
.

T he h e a v y r a in r e s u lt in g fr o m th e C h a n g iia n g
一

H u a ihe q u a s i
一 s t a t io n a r y fr o n t b r e a kin g o u t 15

a lw a y s a e e o m p a n ie d by t he lo w le v el je t a e e e le r a tio n
.

T he p o sitiv e sh e a r v o r t ie ity t o the n o r t h

o f t he je t a b r u p tly in e r e a s e s 5 0 th a t the lo w le v el n e g a tiv e MPV e e n te r fo r m s
.

(3 ) It 15 fo u n d fr o m th is Ca s e C a le u la tio n th a t th e h e a vy r a in p r o e e s s in the C ha n g iia n g
-

H u a ihe q u a s i
一s t a t io n a r y fr o n t

一

w in d s he a r lin e sys t em 15 aff e e t e d by n o t o n ly fr o n t al rn o is t

ba r oc lin ie e ffe e ts b u t a ls o e o n v e e tio n s
.

w h ile th e h e a v y r a in p r o e e s s in th e s o u thw e s t e r n r e g io n

15 a ffe e t e d b y e o n v e e t iv e e ffe e ts
.
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a n d H os k in s
,

B J
.

(1 9 7 9 )
,

C o n ditio n a l s ym m e t r ie in st a b ility 一 a p o s s ible e x p la n a tio n fo r

fr o n t a l r a in ba n d s
.

Q u a r r
.

J
.

Ro
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.

Mete or
.

S“
. ,

1 0 5 : 9 4 5 一 9 6 2
.

E m a n u e l K
.

A
.

(1 9 7 9 )
,

In e r tia l in s t a bility a n d m e so s ea le e o n v e e tiv e s yst e m s
,

P a r t l : lin e a r the o r y o f

in e r t主a l in s t a b iljry in r o t a tin g v ise o u s flu id s
,

J
.

A tm o s
.

5 0 1二 3 6 : 2 4 2 5 一 2 4 4 9
.

H o s k in s
,

B
.

J
.

(1 9 7 4 )
,

T h e r o le o f p o re n ria l v o r tie ity in s ym m e t r ie s ta bility a n d in st a b iliry Qua rt
.

J
.

R o 夕
.

M
e te o r

.

S oc 二 10 0 : 4 8 0 一 4 9 2
.

R e u ter
,

G
.

W
,

a n d Y a u
,

M K
.

(1 9 9 0 )
,

O bs e r v a tio n o f sla n t w is e e o n v e e tiv e in sta b ili ty in w in te r e ye lo n e s
,

Mon
.

W
ea

.

R 即
. ,

1 1 8 : 4 4 7 一 4 5 8
.

W
ei T o n g ji

a n a n d Zh a n g Jin g (1 9 9 5 )
,

D ia g n o sis stu dy o f a
M

e iy u fr o n t he a v y r a in p r o ee ss sim u la tio n d u r in g

su m m er
,

19 9 1 M et eor
.

S eie n e e 1 5 : 1 8 一 2 6 (in C h in e s e )
.

X u
Q

.

(1 9 86 )
,

Co n d itio n a l s ym m e t rie in s ta b ility a n d m e s o se a le r a in ha
n d s

,

Qua rt
.

J
.

R 卿
.

M以e
or

,

S o c
.

1 1 2 : 3 15 一 3 3 4
.

Z h a n g Da lin a n d C h o H a n r u (1 9 9 2 ) T h e d e v e lo p m e n t o f n e g a tiv e m o is t p o te n tia l v o r tie ity in sq u a ll lin e
,

Mon
.

W
ea

.

尺砚
』. ,

1 2 0 : 1 3 2 2 一 1 3 4 1
.


