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IM P A C T S O F D IA B A T IC PH Y SIC S PA R A M E T E R IZ A T IO N

SC H E M E S O N M E SO SC A L E H E A V Y R A IN FA L L SH O R T
-

R A N G E SIM U L A T IO N

C月E N Ji , g (陈 静)
,

C hin e s e A e a d e m y o fM
e te o r o lo g ie a l S e ie n e e s

,

B e iji
n g 1 0 0 0 8 1

C he n g d u In s titu te o f Pla te a u
M

e te o r o lo g y
,

C h e n g d u 6 1 0 0 7 1

X U E J is h a n (薛纪善 )

C hin es e A e a d e m y o f M e te o r o lo g ie a l S e ie n e e s
,

B e iii
n g 1 0 0 0 8 1

an d y A N I IO n g (颜 宏)

W
o rld M

e t e o r o lo g ie a l O r g a n iz a tio n
,

G e n e v a
,

S w it z e r la n d

R e ee iv e d M
a y 1 0

,

2 0 0 3

A BS T R A CT

B a s e d o n th e n o n 一

h yd r o s t a tie v e r s io n o f M
e s o s e a le M

o d e l v e r sio n s (MM S ) a n d th e d a ta se ts

o f fo u r h e a v y r a in fa ll s e e n a r io s o e e u r r in g in A u g u s t 2 0 0 1 in C h in a
,

th is p a p e r in v e s t ig a tes t he

im p a e t s o f d ia ba tie p h ys ie a l p r o ee s s e s o n p r e d ie tio n s o f dy n a m ie a n d the r m o d y n a m ie e le m e n ts o f

h e a v y r a in fa ll in C h in a
,

d e e p ly a n a ly z e s th e e ffe e t s o f e o n v ee tiv e s e h e m e s o n m e s o s e a le h e a v y r a in

s im u la tio n s a n d d is e u s s e s the fe a sib ility o f u s in g m o d e l p hy sies p e r t u rb a tio n s in e n s e m b le

s im u la tio n o f h e a v y r a in
.

T h e r e s u lt s s ho w t ha t d ia b a tie Ph ys ie a l P r o ee s s e s h a v e litt le im p a e t o n th e

s h o r t 一r a n g e p r e d ie tio n o f g eo p o te n t ia l he ig ht
.

H o w e v e r
,

p la n e t a r y bo u n d a ry la ye r s e he m e s a n d

e o n v e e tiv e s e h e m e s h a v e s ig n ifie a n t in flu e n e e o n m o is t u r e d iv e r g e n ee flu x
,

v e r t ie a l v e lo e ity
,

a n d

u n s ta b le s t r a t ifie a tio n
.

w h ie h a r e th e t h r e e b a s ie e o n d itio n s o f t o r r e n tia l r a in
.

T h e fo r e ea s t

d e v ia tio n s in d iffe r e n t e o n v e et io n s e h e m e s in e r e a se r a p id ly in t he fir s t 1 2 h tim e p e r io d s o f

s im u la tio n a n d the d e v ia tio n s t r u et u r e s a r e w e ll e o r r e la ted t o tha t o f s u b
一
g rid

一 se a le r a in fa ll
,

w hile

in th e la te r p e rio d s o f s im u la tio n w ith le s s eo r r e la tio n
.

D ia b a tie p h ys ie a l p r o e e s s es in flu e n e e t he

s tr u et u r e a n d e v o lu tio n o f the s im u la t io n s
.

F o r the r a in s t o r m e v e n ts w ith a ho m o g e n eo u s th e r m a l

e n v ir o n m e n t a l e o n ditio n in C h in a
,

t h e n u m e r ie a l m o d e l e n se m b le s e o u ld be e r e a re d b y p e r t u rb in g

t he pla n e t a r y p a r a m e te r iz a tio n se h e m e a n d eo n v e e tiv e p a r a m e te riz a t io n
.

K ey w o r d s : h e a v y r a in
,

n u m e r ie a l p r e d ie tio n
,

d ia b a tie p hy sie s
,

e n s e m b le p r e die tio n

1
.

IN T R O D U C T IO N

H e a v y r a in fa ll

effo r ts o f C hin a ’s

15 o n e o f t he m o s t s e r io u s n a tu r a ld is a s t e r s in C h in a
.

T h r o u g h th e g r e a t

s e ie n tis ts
,

s ig n ifie a n t p r o g r e s s e s ha v e b e e n m a d e in

a n d b a s ie the o r e t ie a l

n u m e r ie a l Pr e d ie tio n

r e s e a r eh a n d P r a e t ie e s (T a o 1 9 8 0 : IA P 1 9 9 8 )
.

b e e a m e o n e o f th e m a io r to o ls (L i e t a l
.

Pr e d ie t io n o n

Pa r a m e t e r iz a t io n

he a v y r a in fa ll
.

E x te n s iv e a p p lie a t io n s

s e he m e s in m o d els g r e a t ly im p r o v e d

1 9 9 7 ; C u i

V a f 1O ll S

a n a lys e s
,

fo r e e a s t

In r e e e n t y e a r s

e t a l
.

1 99 9 ) fo r

d ia b a t ie Ph ys ie s

he a v y r a in fa ll

Pr e d ie t io n
.

C u m u lu s e o n v e e t io n p r o e e s s
1 5 O fl e

o f t he m o s t im p o r t a n t w e t

n u m e r ie a l

p h ys ie a l
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.

1 8

p r o e e s s e s in t h e m o d e l
.

T he e o m n l o n e u m t llu s e o n v e e tio n p a r a m e t e r iz a t io n s eh e rn e s in elu d e

B e t t s 一M ille r (B e t t s 1 9 8 6 : B e t t s a n d M ille r 1 9 8 6 ) A n the s 一

K u o (A n the s 1 9 7 7 )
,

A r a k aw a -

S eh u b e r t (A r a k a w a a n d S eh u b e r t 1 9 7 4 )
,

Fr it s e h
一

C ha p p e ll (F r its e h a n d C ha p p e ll 1 9 8 Oa :

1 9 8 Ob )
.

K
a in

一

F r its e h (K a in a n d F r lts eh 1 9 9 0 ) a n d G r ell s e he m e s (G r ell 1 9 9 3 )
.

T he

P r im a r y eh a r a e t e r is t ie s o f th e s e s eh em e s a r e th a t the e o n v e e t iv e m o v e m e n t w ill b e

t r ig g e r e d w h e n th e m o d el a tm o s p he r e s a t isfie s a s e t o f p a r am e t e r s
,

w ith w hie h the

s e h e m e s d e fin e the e o n v e e tiv e t r ig g e r in g fu n e t io n u n d e r e e r t a in e lo s e a s s u m p t io n s
.

By

t一5 in g v a r io u s d ia b a t ie p hy s ie s p a r a m e t e r iz a t io n s e he m e s
,

the m o d e l e a n s im u la te in a m o r e

r e alis t ie w a y the in t e r n a l s t r u e t u r e a n d the v a r ia n e e fe a t u r e s o f m e s o s e a le s ys te m
,

in

p a r t ie u la r n le s o 、e a le e o n v e e t io n s y s t e m (M C S ) (Z ha n g 1 9 9 8 )
.

C hin a 15 a r e g io n o f m o n s o o n e lim a t e
,

w h e r e h e a v y r a in fa ll o e e u r s in th e e u m u lu s a n d

s t r a t o e u m u lu s h yb r id e lo u d s
.

T he e u m u lu s e o n v e e t io n Pa r a m e te r iz a t io n s eh em e s

m e n t io n e d a b o v e a r e p r im a r ily b a s e d o n the s tu d y o f th e o e e u r r e n e e a n d d e v e lo p m e n t o f

e u m u lu s e o n v e e t io n in a r e a s o u t s id e C h in a
.

M a n y s e h o la r s in C hin a ha v e s t u d ie d a n d

im p r o v e d th e e u m u lu s e o n v e e t io n P a r a m e t e r iz a t io n u n d e r th e s itu a t io n o f C hin a
,

a n d

a eh ie v e d q u ite g o o d fo r e e a s t r e s u lt s (e
.

9
.

Y a n 1 9 8 3 : Ch e n a n d Q ia n 1 9 9 2 ; R e s e a r e h G r o u p

1 9 9 6 : C h e n 1 9 9 7 : L in 1 9 9 8 )
.

W
e a ls o n o t ie e

,

h o w e v e r
,

tha t d iffe r e n t s e h e m e s h a v e

d iffe r e n t p r e d ie t io n s in r e s p e e t t o w he n a n d w he r e the he a v y r a in o e e u r s a n d th e s t r e n g th

o f the h e a v y r a in fa ll d u e t o th e v a r ia n t d efin it io n o f e o n v e e t io n p a r a m e t e r iz a tio n
.

M a n y

s e ho la r s a t ho m e a n d a b r o a d m a d e e o m p a r a tiv e a n alys is o n th e s e s eh e m e s
,

fin d in g th a t

n o n e s e he m e h a s o v e r w he lm in g a d v a n t a g e s o v e r o the r s (Pa n e t a l
.

2 0 0 2 ;
W

a n g e t a l
.

2 0 0 1 :

G u 1 9 9 9 )
.

In a d d it io n
,

in it ia l e o n d it io n e r r o r s
,

m o d el e r r o r s a n d o th e r d ia b a t ie Ph ys ie s

p a r a m e t e r iz a tio n s eh e m e s a d d t o the u n e e r t a in ty o f o e e u r r in g t im e
,

lo e a t io n a n d a r e a fo r

he a v y r a in fa ll a n d r e s t r a in th e fu r the r im p ro v e m e n t o f a e e u r a e y in he a v y r a in p r e d ie t io n
.

In th e r e e e n t e o u Ple o f y e a r s
,

e n s e m ble Pr e d ie t io n w a s t r ie d t o s o lv e t he u n e e r t a in ty o f

n u m e r ie a l P r e d ie t io n o n h e a v y r a in fall
.

S t e n s r u d e t a l
.

(2 0 0 1 ) u s e d the m e th o d o f m o d el

p e r t u r b a t io n w ith v a r io u s p h ysie s o n th e e n s e m b le p r e d ie t io n t e s t o f s tr o n g e o n v e e t iv e

w e a the r
.

T h ey fin d th a t th e e n s e m b le p r e d ie t io n u sin g th e v a r io u s p h ys ie s 15 e ffe e tiv e in

the he a v y r a in fa ll in h o m o g e n e o u s the r m al fie ld
.

C o m p a r e d w ith th e e n s e m b le p r e d ie t io n

o f in it ia l e o n d it io n p e r t u r b a t io n
,

ho w e v e r
,

the e n s e m b le p r e d ie t io n o f m o d e l Pe r t u r b a t io n

la e k s s o u n d th e o r e t ie a l b a s e s
.

A s th e e n v ir o n m e n t a l the r m a l field 15 h o m o g e n e o u s in th e

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

d e e p a n d tho r o u g h a n alys is m u s t be m a d e fir s t o n the

eh a r a e t e r is t ie s a n d w ay s o f th e e ffe e ts o f d ia b a t ie p h ys ie a l p r o e e s s o n th e h e a v y r a in

n u m e r ie a l p r e d ie t io n in C h in a if th e m o d e l Pe r t u r b a t io n 15 a p Plie d t o th e e n s em b le

p r e d ie t io n o f he a v y r a in fa ll
.

M o s t o f th e r e s e a r e he s o n e u m u lu s e o n v e e t io n

p a r a m e t e r iz a t io n in C h in a fo e u s m o r e o n th e e x a m in a t io n o f in flu e n e e o f r a in fa ll p r e d ie tio n

w liile le s s o n th e effe e t s o f e n v ir o n m e n t a l d yn a m ie a n d the r m a l fie ld s
.

H o w e v e r
,

s in e e the

p r e e iPit a t io n 15 e o n t r o lle d by d yn a m ie a n d th e r m a l fie ld s
,

a n a lys is o f th e e ffe e t s o f d ia b a t ie

p h ys ie a l p r o e e s s o n th e e n v ir o n m e n ta l d y n a m ie a n d the r m a l field s h a s g r e a t s ig n ifie a n e e in

u n d e r s ta n d in g th e in t r in s ie e a u s e fo r the in flu e n e e o f v a r io u s p a r a m e t e r iz a t io n o n the

r a in fa ll p r e d ie t io n
.

T h is a r t ie le fo e u s e s o n th e im p a e t o f d ia ba t ie p h ys ie a l p ro e e s s s e h e m e s
,

in p a r t le u la r
,

th e e u m u lu s e o n v e e tio n Pa r a m e t e r iz a t io n P r o e e 、5 o n d y n a m ie a n d the r m a l

p r e d ie t io n s o f he a v y r a in fa ll in C h in a w ith d e e p a n aly s is o f th e effe e t o f e o n v e e tiv e
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.

1 CH E N Ji
n g

,

X U E 介sh
a n a n d YA N H on g 5 3

p a r a rn e t e r iz a tio n s e he m e s o n m e s o s e a le he a v y r a in p r e d ie tio n s
.

T h is 15 e s s e n t ia l fo r s t u d y

o f e n s e m b le P r e d ie tio n in he a v y r a in w it h th e m e tho d o f m o d e l p e r t u r b a tio n
.

T h e a r t ie le 15

d iv id e d in t o s ix p a r t s : th e s e e o n d a n d t h ir d p a r t s in tr o d u e e t h e e x p e r im e n t s e e n a r io s a n d

m o d e l
.

T h e fo u r th Pa r t p r e s e n ts th e e o m p a r is o n o f th e irn p a e t o f d ia b a t ie Phy s ie a l

p r o e e s s e s o n th e e n v ir o n m e n t a l d y n a m ie fie ld
.

T h e fifth p a r t a n a lyz e s th e im p a e t o f

e o n v e e t io n p a r a m e t e r iz a t io n s e he m e s o n t h e s tr u e t u r e a n d e ha n g e fe a t u r e s o f m e s o s e a le

dyn a m ie a n d the r m a l fie ld s b a s ed o n the e a s e o f e x t r em e ly he a v y r a in o e e u r r in g in S ha n g h a i

fr o m A u g u s t 5 to A u g u s t 6
,

2 0 0 1
.

T h e s ix th p a r t d is e u s s e s th e w a y s o f im p a e t o f d iffe r e n t

p a r a m e t e r iz a tio n s e he m e s o n m o d e ls
.

T he fin a l p a r t 15 th e s u m m a r y
.

11
.

S T U D Y C A S E S

A s C h in a 15 a v a s t e o u n tr y u n d e r the in flu e n e e o f m o n s o o n
,

the w e a th e r sys t em s in

w hie h h e a v y r a in d e v e lo p s v a r y fr o m r e g io n t o r e g io n
.

T o a n aly z e m o r e tho r o u g hly th e

im Pa e t o f the d ia ba tie p hy s ie al p r o e e s s e s o n d iffe r e n t r e g io n s a n d t y p e s o f he a v y r a in
,

th e

a r tie le eh o o s e s the m o s t im p o r t a n t fo u r h e a v y r a in s e e n a r io s in A u g u s t 2 0 0 1 (A b u lim it i

20 0 1 )
,

n a m e ly
, “

8
.

5
”

H e a v y R a in in S h a n g h a i
, “

8
.

1 8
”

H e a v y R a in in U PPe r R e a eh e s o f

the Y a n g t z e R iv e r a n d N o r the r n C hin a
, ’‘

8
.

2 4
’

H e a v y R a in in th e S o u th to th e Y a n g t z e

R iv e r “

8
.

2 9
’

H e a v y R a in in H a in a n a n d S o u th C hin a
.

T he fo u r e a s e s h a v e d iffe r e n t

w e a th e r s ys t e m s
.

Fr o m A u g u s t 5 to 6
,

u n d e r the in flu e n e e o f th e t r o p ie lo w p r e s s u re
,

h e a v y r a in o e e u r re d in th e e a s te r n p a r t o f th e So u th o f th e Y a n g tz e R iv e r
,

w h e r e S ha n g h a i

s a w th e m a x im u m p r e e ip it a t io n o f 2 9 4 m m
,

th e big g e s t o n e s in e e 1 9 4 9
.

T he h e a v y r a in

p r o e e s s fr o m A u g u s t 1 8 t o 1 9 w a s the s t r o n g 兮s t o n e in n o r th e r n C h in a in 2 0 0 1
,

o f w hie h

the w e a the r sy s te m in e lu d e s t r o u g h o f lo w Pr e s s u r e in w e s t e r lie s a n d e o ld fr o n t
.

T h e

h e a v y r a in o n A u g u s t 2 4 to 2 5 m a in ly to o k p la e e in th e s o u the r n r e g io n t o the Y a n g t z e

R iv e r
,

w ith the im p a e t s ys te m o f s he a r lin e
.

T h e h e a v y r a in o n A u g u s t 2 9 t o 3 0 o e e u r r e d

in S o u th C h in a w ith t r o Pie a l s t o r m Fit o w a s it s im Pa e t sy s t e m
.

Fo r e x a m p le
,

th e e o a s t a l

a r e a o f S o u th C h in a s u ffe r e d e x tr em ely he a v y t r o p ie a l r a in
,

w h ie h in H a in a n a m o u n t e d t o

4 6 0 t o 9 3 3 m m
.

A s 15 s ho w n
,

th e fo u r h e a v y r a in s e e n a r io s ha v e d iffe r e n t im Pa e t s y s t e m s
,

t r ig g e r in g m e e ha n is m s a n d r a in in g r e g io n s
.

T h ey e a n b e t a k e n a s typ ie a l e x am p le s
.

111
.

E X PE R IM E N T M O D EL A N D T H E C O N V EC T IO N PA R A M E T E R IZ A T IO N S C H E M E S

1
.

De
s e r iP tio n

of M dd ‘l匀
st e m

T h e m o d el eh o s e n fo r u s e in th is s t u d y 15 a n o n 一

h yd r o s t a t ie v e r s io n o f th e

P e n n s ylv a n ia S t a te U n iv e r s ity
一

N a tio n a l C e n t e r fo r A tm o s hP e r ie R e s e a r eh (P SU
一

N C A R )

M e s o s e a le M o d e l v e r s io n s (MM S ) w ith fu ll Phys ie a l P r o e e s s e s a n d a tw o 一

w a y in t e r a e t iv e

g r id
一 n e s t in g p r o e e d u r e (G r e ll e t a l

.

1 9 9 4 )
.

A ll m o d e l s im u la t io n s ha v e 2 3 v e r t ie a l s ig m a

le v e ls
,

w ith th e s p a e in g o f s ig m a le v e ls r e d u e e d n e a r th e g r o u n d s u r fa e e t o be t te r s im u la t e

th e e v o lu t io n o f th e p la n e t a r y b o u n d a r y la y e r (PBL )
.

T he s im u la t io n d o m a in s in the fo u r th

a n d fifth p a r t s o f th e a r t iele h a v e s lig h t d iffe r e n e e
,

a n d th e p a r a m e t e r s o f ho r iz o n t a l g r id

s p a e in g o f th e d o m a in s w ill b e d e s e r ib e d in the s e tw o p a r ts
.

T he t im e s e p a r a tio n s e he m e

w ill b e u s e d in t he e a le u la t in g o f the m o d e l
.

A s fo r the la t e r a l e o n d it io n the in it ia l d a t a o f

the m o d e l a r e e r e a t e d b y b le n d in g the g lo b a l a n a lys is d a t a o f N a t io n a l M e t e o r o lo g ie a l
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.

1 8

C e n t e r (T 1 0 6 L 1 9 ) w ith e a s te r n A s ia s u r fa e e a n d r a w in s o n d e d a t a u s in g th e a p p r o a e h o f

C r e s s m a n ’5 g r a d u a l e o r r e e tio n m e tho d o f b a n a n a w eig ht e d e o effie ie n t a n a ly s is
.

T he s e

b le n d e d a n alys e s a r e a ls o u s e d t o p r o v id e th e m o d e l b o u n d a r y e o n d itio n s a t 1 2
一

h in te r v a ls
.

S in e e t he ye a r 2 0 0 0 the N u m e r ie a l W
e a th e r Pr e d ie t io n D iv is io n o f N a tio n a l

M e te o r o lo g ie a l C e n t e r h a s p u t th e n o n 一

h yd r o s ta t ie MM SV 3 in t o q u a s i
一 o p e r a t io n o n SW

一

I

e o m p u t e r th a t w a s d e v e lo p e d in d e p e n d e n tly b y C hin a
.

T h e d ia b a t ie p h y s ie a l p r o e e s s e s o f

th a t m o d e l a r e s e le e t e d o n the b a s is o f e a r e fu l e o m p a r is o n a n d a n a lys is
.

T h e r efo r e
,

th e

p hy s ie a l p r o e e s s o f the e o n tr o llin g s im u la tio n s in th is a r t ie le 15 the s a m e a s in rr ia l

o p e r a tio n
,

T h e s e in elu d e D u d h ia ie e p h a s e s eh e m e (D u d h ia 1 9 8 9 ) u s e d in th e r e s o lu b le
-

s e a le Pr e e iPit a t io n ; A n the s 一

K u o (A n the s 1 9 7 7 ) e u m u lu s e o n v e e t io n Pa r a m e t e r iz a t io n

s e h e m e in e o a r s e g r id d o m a in
,

G r e ll e u m u lu s e o n v e e t io n p a r a m e t e r iz a t io n s e he m e (G r e ll

1 9 9 3 ) in in n e r g r id d o m a in
,

H o n g
一

P a n h ig h r e s o lu t io n p la n e ta r y b o u n d a r y la ye r

p a r a m e te r iz a t io n s e he m e (H o n g a n d Pa n 1 9 9 6 ) a n d D u d h ia r a d ia tio n s e h e m e s (D u d h ia

1 9 8 9 )
.

2
.

7
,

he C o n v e c t io n 尸 a r a m e t e r iz a tio n S c hem e s

A s th is a r tie le fo e u s e s o n s t u d yin g the im p a e t o f d iffe r e n t e u m u lu s e o n v e e t io n

p a r a m e te r iz a t io n s e h em e s o n h e a v y r a in fo r e e a s t
,

th e s e s eh e m e s u s e d in th e e x Pe r im e n t

e it e d in th is a r t ie le a r e d e s e r ib e d he r e by fir s t
.

A n the s 一K u o s e he m e 15 a p a r a m e t e r iz a t io n o n e o n a s s u m p t io n s o f th e p r e s e n e e o f g r id
-

s e a le m o is t u r e e o n v e r g e n e e
.

T h e r e a r e s e v e r a l e o n v e e t io n tr ig g e r in g s t a n d a r d s fo r A n th e s -

K u o s eh e m e : 1 ) the m o is t u r e e o n v e r g e n e e (从 ) in o n e g r id a ir e o lu m n 15 g r e a te r tha n 3
.

0

x 1 0 一 7
k g m 一“ s 一 ’二 2 ) e he e kin g th e u n s ta ble e o n v e e t io n e n e r g y

,

th e thie kn e s s o f th e e lo u d

(△口) 0
.

3 ) a n d effe e tiv e b u o ya n t e n e r g y t o s e e w he th e r the y s a t is fy th e e o n d it io n s o f th e

e o n v e e t io n o e e u r r e n e e
.

If th e e o n v e e tio n o e e u r s
,

th e n e a le u la t e the e o n v e e tio n

p r e eip it a tio n
,

n o r m a liz e d v e r t ie a l p r o file fu n e t io n s o f th e r m o d y n a m ie s tr u e t u r e N
*
(叮)

,

N
m (J )

,

a n d m o is t u r e d iv e r g e n e e v e r t ie a l e d d y flu x V o f (J )
.

B e t t s 一Mille r (BM ) w e t e o n v e e t iv e a d ju s t m e n t s e h em e d e p e n d s o n th e a s s u m p t io n o f

q u a s i
一 e q u ilib r iu m b e tw e e n the elo u d fie ld a n d th e la r g e 一 s e a le fo r e in g

,

b e lie v in g th a t the

p r e s e n e e o f e u m u lu s e o n v e e t io n m a k e s th e th e rm a l s tr u e tu r e o f m o d e l eh a n g e fr o m the

n o n 一

b a la n e e the r m a l r efe r e n e e p r o file to q u a s i
一

b a la n e e
.

T h o u g h the s e he m e e a n n o t

d e s e r ib e th o r o u g hly the in t e r 一in flu e n e e b e tw e e n the e u m u lu s e o n v e e t io n s a n d

e n v ir o n m e n t a l fo r e in g fie ld
,

it e a n s t ill yie ld g o o d t e m p e r a t u r e a n d m o is t u r e s t r u e t u r e o n

th e b a s is o f n u m e r o u s o bs e r v a t io n d a t a
.

G r e ll S eh e m e 15 a s im p lifie d A r a k a w a 一
S e h u b e r t p a r a m e t e r iz e d o n e o n s in g le elo u d

m o d e l
.

Q u a s i
一 e q u ilib r iu m a s s u m p t io n u s e d in A r a k a w a 一

Se h u b e r t s eh em e 15 a ls o a d o Pt e d a s

th e e lo s e d e o n d it io n in G r e ll Se he m e
.

In th e G r e ll S e h em e
,

t h e e lo u d 15 d e s e r ib e d t o b e tw o

s te a d y
一 s t a te e ir e u la t io n e a u s e d b y u p d r a ft s a n d d o w n d r a ft s

·

T he r e 15 n o d ir e e t m ix in g

b e tw e e n elo u d y a ir a n d e n v ir o n m e n ta l a ir e x e e p t a t th e to p a n d th e b o t to m o f the

e ir e u la t io n
.

A ir m a s s flu x 15 e o n s t a n t w ith h e ig ht
,

a n d the r e 15 n o e n t r a in m e n t o r

d e tr a in m e n t a lo n g the e lo u d e d g e s
.

Pr e e ip it a t io n r a t e 15 a fu n e t io n o f lo w a t m o s p h e r ie

a v e r a g e w in d s he a r in t he m o d el
.

T he s e h em e a ls o in e lu d e s th e e o o lin g e ffe e t o f m o is t

e o n v e e t io n d o w n d r a fts
,

T he fe e d b a e k t o la r g e 一 s e a le the r m o d y n a m ie field s 15 e o m p le t ely
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d e e id e d by the e o m Pe n s a tiv e a ir m a s s flu x e s a n d d e t a in m e n t a t elo u d to p a n d b o t t o m
.

S im ila r t o Fr it s e h
一

C h a p p e ll Se h e m e
,

K a in
一

F r it s e h (Fr it s e h a n d C h a p p e ll 1 9 8 0 ) is a

typ e o f b u o ya n t e n e r g y elo u d s e h em e tha t t ak e s in t o e o n s id e r a tio n th e e n t r a in m e n t o f

u p d r a ft s a n d d e t a in m e n t o f d o w n d r a ft s in the elo u d
.

A s fo r th e elo s e e o n d it io n s
,

th e

o e e u r r e n e e o f th e e o n v e e t io n a n d t he e ha n g e s o f the e n v ir o n m e n t a r e d e t e r m in e d by th e

e o n v e e t iv e a v a ilab le p o s itio n e n e r g y (C A P E ) a n d e ffe e t iv e b u o ya n t e n e r g y
.

T he e o n v e e t io n

a e t iv it ie s a llo w th e effe e t iv e b u o ya n t e n e r g y to be d e p le t e d w ith in a lim ite d t im e in t e r v a l T
.

T he e lo u d m o d e l o f K a in
一

F r it s eh 15 m a s s 一 e o n v e r s e d
.

a llo w in g the e lo u d e d g e a n d th e

e n v ir o n m e n t to a ffe e t e a e h o th e r a n d t ak in g in t o e o n s id e r a t io n th e m ie r o 一

p h y s ie a l p r o e e s s

o f e lo u d w a te r ie in g
,

in w h ie h th e e lo u d e ha n g e s fr o m the s a t u r a t e d liq u id w a t e r t o e lo u d y

ie e
.

IV
.

T H E R E LA T IV E IMPO R T A N C E O F D IA BA T IC PH YS IC S F O R H E A V Y
一

R A IN N U M E R IC A L

S IM U L A T IO N

1
.

S im u la te d D o m a in

A tw o 一

d im e n s io n a l n e s t e d d o m a in sh o w n in Fig
.

1 15 d e s ig n e d fo r th e fo u r s e e n a r io s
.

T he e o a r s e g r id d o m a in o f the m o d e l 15 A s ia n a r e a
,

w ho s e e e n t r a l lo n g it u d e
,

la t it u d e

h o r iz o n t a l g r id s p a e in g a n d n u m b e r o f g r id p o in t s a r e 4 2
.

S
O

N
,

9 5
O

E
,

4 5 k m a n d 1 3 6 x 1 6 9
,

r e s p e e t iv e ly
.

T he fin e m e s h g r id d o m a in o f the m o d e l e o v e r s the e a s t e r n r e g io n o f C h in a
,

w h o s e h o r iz o n ta l g r id s p a e in g a n d n u m be r o f g r id p o in t s a r e 1 8 k m a n d 1 6 9 火 1 6 9
.

T h e

a bo v e 一

m e n tio n e d e o n tr o l m o d e l 15 u s e d to sim u la te the fo u r s e e n a r io s
.

T he t im e fo r th e

in t e g r a l in it ial fie ld 15 1 2 0 0 2 A u g u s t s
,

1 2 0 0 2
,

A u g u s t 17
,

1 2 0 0 2
,

A u g u s t 2 3
,

1 2 0 0 2
,

A u g u s t 2 8
,

r e s p e e t iv ely
,

w ith t o t a l 4 8 h o u r s o f in t e g r a t io n
.

Fig u r e 2 sho w s th e

p r e e ip it a t io n d is tr ib u t io n e o m p a r is o n o f the 4 8
一

h o u r o b s e r v a t io n a n d m o d e l fo r e e a s t a m o n g

the fo u r e a s e s
.

A s sho w n in the fig u r e
,

a ll o f th e s e e n a r io s a r e s im u la t e d q u it e w e ll b y th e

卿碳逾厕碳际调蝙秘群塌禺彩枷稠锵
5 0

o

N
户护二

厂
-

厂
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厂
声

,

)

、
了从

、
、 、

\,

麟
⋯
、一

砂
之 俨 子 、 F 、

‘

月

一
替补
夕

之

4 0
、
子

\
\
-

人
·
J

、

、二 ’、

节
一

_

/ 卜

丫
.

夕
·

3 0

工
.

n�公
�

到
、、·、

八久
卜
·、
··
- -
·

、厂一

七
、、

,

、、
、

2 0 廷
�
�

工叭
了

1 sk m

厂!上
|钊烈习

伙一一叮护
J衬成了";伙火

、|二.11.、

5 4k m 巍
.

膏
“

·

�,一
.户J

。

10 亡
一

认

7 0 8 0 9 0 10 0 1 10 12 0
O

E

F ig
.

1
.

M
o d e l d o m a i n fo r fo u r s e e n a r io s

.

C o a r s e g r id d o m a in o f th e m o d e l 15 A s ia n a r e a w h o s e e e n t r a l

lo n g it u d e
,

la t it u d e
,

h o r iz o n ta l g r id s p a e in g a n d n u m be r o f g r id p o i n t s a r e 4 2
.

S
ON

,

9 5 O

E 4 5

km a n d 1 3 6 又 1 6 9 r e sP e e t iv e ly
.
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1 8

F ig
.

2
.

4 8 h p r e e ip ita t io n o bs e r v a tio n s (s h a d e d ) a n d p r e d ie tio n (c o n t o u r ) (u n it : m m ) : (a ) 1 2 0 0 2 A u g
.

4 一 1 2 0 0 2 A u g
.

6
,

(b ) 1 2 0 0 2 A u g
.

1 7 一 1 2 0 0 2 A u g
.

1 9
,

(e ) 1 2 0 0 2 A u g
.

2 3一 1 2 0 0 2 A u g
.

25
,

a n d (d ) 1 2 0 0 2 A u g
.

2 8一 1 2 0 0 2 A u g
.

3 0
.

e o n t r o l m o d e l in te r m s o f th e lo e a t io n a n d s tr e n g th o f h e a v y r a in fa ll e x e e p t tha t the m a in

h e a v y r a in a r e a o f
“

8
.

5
” e a s e d e v ia t e s S h a n g ha i City

.

T h e fo llo w in g a n a lys is a n d s t a tis t ie

e a le u la t io n a r e b a s e d o n th e m o d e l o u tPu t r e s u lt s o f th e fin e m e s h d o m a in
.

2
.

T h e ig n

of T e s t S c h em e a n d S ta tist i。 P a ra m e t ers

S ix s e n sit iv ity t e s t s eh em e s (s e e T a b le l) a r e d e s ig n e d fo r th e s e e o n d n e s t e d d o m a in

t o s t u d y th e im p a e t o f d iffe r e n t d ia b a tie Ph ys ie a l p r o e e s s e s
,

in p a r t ie u la r
,

th e e o n v e e t io n

P a r a m e t e r iz a t io n s e he m e s o n he a v y r a in n u m e r ie a l p r e d ie tio n
.

T he fir s t 15 th e e o n t r o l

s im u la t io n o f th e m o d e l
.

T h e im p a e ts o f d iffe r e n t d ia b a t ie Phys ie a l p r o e e s s e s o n h e a v y

r a in fa ll p r e d ie t io n a r e s t u d ie d in T e s t s l
,

2
,

3 w h ile the im p a e t s o f d iffe r e n t e o n v e e t iv e
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p a r a m e t e r iz a t io n s eh em e s o n h e a v y r a in p r e d ie tio n

s t u d ie s the im p a e t o f t he e x p lie it s eh e m e o n t he h e a

T a ble 1
.

T h e D e s ig n a n d Pu r p o se o f th e T e s t

a r e s t u d ie d in T e s ts 4
,

5
,

6
.

T e s t 7

v y r a in fo r e e a s t
.

T e s t

n a l】l e

E x Plieit Pr e e iPita tio n

(D u dh ia )

C o n V e C t lV e PB L

(H o n g
一
Pa n )

R a d ia tio n P u r Po s e

(D u d h ia )

offonononon

ononoffonononononGRoffGRGR
C o n tr o l

T e s t l

T e s t Z

T e s t 3

T e st 4

T e s t s

T e st 6

T e st 7

O n

0 n

O n

O n

O n

O n

O n

0 n

O n

0 n

m ix e d ie e Pha s e

N o te : o n : s e le e te d
,

o ff: e lo s e d
,

A K

K F

B T

G R

G R

e o n t r o l p r e d ie tio n

im Pa e ts o f e o n v e e tiv e Pr o e e ss

im p a e ts o f bo u n d a ry p r o e e s s

im Pa e ts o f r a d ia tio n p r o e e s s

im Pa e t s o f A n t he s 一

K u o

im Pa e ts o f K a in
一

Fr its e h

im Pa et o f B e tts 一

M ille r

im P a et s o f e x Plie it s e h e m e

G r e ll s e h e m e
,

A K : A n the s 一

K u o s e h e m e
,

BT :

Be tts 一

M ille r

s e he m e
,

K F : K a in
一

F ritse h s e he m e
.

T o e v a lu a t e q u a n t it a t iv ely the im p a e t o f d ia b a t ie p h y s ie a l p r o e e s s e s o n he a v y r a in
,

w e

d e fi n e s
二 th e d e v ia t io n b e tw e e n th e p r e d ie tio n o f th e s e n sit iv ity t e s t a n d e o n tr o l p r e d ie t io n

a S

「
。 , 、

(x
e 、。
一 x

。。n t

) Zd ,

占二
一

一
}Ec

d A

(1 )

w h e r e x
c o n ,

15 th e p r e d ie t io n v a r ia ble o f e o n tr o l t e s t , x
。
。 15 the p r e d ie tio n v a r ia b le o f th e

s e n s itiv ity t e s t
,

E C 15 E a s t e r n C h in a
.

A t th e s a m e t im e ,
to e o m p a r e q u a n tit a tiv e ly the

Ph ysie a l q u a n t ity o f d iffe r e n t d im e n s io n a l v a lu e s , s u e h a s the d e v ia t io n o f t e m p e r a t u r e a n d

w in d
,

w e d e fin e th e s ta n d a r d iz e d d e v ia t io n s
二 。or

S
x 。。r

=
E C

(x
o x p
一 x

。。n r

)
“
d A

(x
a
二 一 x

eo n t

)ZdA
E C

广

!
�一户

I
J

w he r e x a
o 15 t he o bje e t iv e a n a ly s is v a lu e

.

3
.

R e s u lts A n a ly s i s

S e le e t e o m Po n e n t z o n a l w in d U
,

m e r id io n a l w in d V
, v e r t ie a l s p e e d w

,
t e m p e r a t u r e

T
, s p e e ifi e h u m id ity Q

,

g e o p o t e n tia l he ig ht H
,

m o is t u r e flu x d iv e r g e n e e A
,

d iv e r g e n e e D
a n d v o r t i e it y 参o n t he le v e ls o f 2 0 0 hPa ,

5 0 0 hPa a n d 8 5 0 hPa , e a le u la te r e s p e e t iv e ly t h e ir

de
v ia t io n a n d s t a n d a r d iz e d d e v ia tio n in T e s t s l一 6

.

T a ble 2 s ho w s th e a v e r a g e d e v ia tio n

v a lu e o f a e e u m u la t e d p r e e ip ita t io n p r e d i e t io n in t he fo u r s e e n a r io s a t 4 8 h in t e g r a tio n a n d

t h e a v e r a g e v a lu e o f t h e p r e d i e t io n s t a n d a r d iz e d d e v ia t io n o f t he a b o v e n in e p h ys i e a l

e le m e n t s
.

I t m u s t b e e la r ifi e d t h a t
,

d u e to t h e u n s t e a d y e a le u la tio n ,

T e s t 2 o f
“
8

.

1 8 ”

s e e n a r io fa ile d t o in t e g r a t e fo r 4 8 ho u r s
.

T h e r e a r e o n ly t h r e e s e e n a r io s in T e s t 2 fo r

S t a t1 S t 1C S
。
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1 8

T a b le 2
.

T h e A v e r a g e D e v ia r io n o f 4 8 h P r e e ip it a tio n Pr e d ie tio n s a n d A v e r a g e S t a n d a rd iz e d D e v ia tio n o f

P h ys ie a l E le m e n ts in F o u r H e a v y R a in S ee n a r io s

T e st R

n a m e H eig ht (hPa ) 2 0 0

U

5 0 0 8 5 0 2 0 0

V

5 0 0 8 5 0 2 0 0

W

5 0 0 8 5 0 2 0 0

T

5 0 0 8 5 0

0
,l

00T e s t l

T e s t Z

4 5
.

5

3 6
.

2

.

3 9

.

8 6

.

3 3

.

6 3

.

5 3

.

5 3

.

4 2

.

7 5

.

4 9

.

1 9

0
.

3 6 1
.

1 7 3
.

3 3 2
.

4 8

1
.

4 9 0 0
.

8 9 1
.

5 7 0

.

2 8 0
.

3 4

.

7 2 2
.

8 0

0no
,1一月,一乙U一,l一n”一,自一�口n甘O自门�曰�

.

7 2

.

2 5 0

.

5 2

.

1 9

.

0 2

.

1 9

.

4 7

.

2 3

.

7 0

,

2 7

.

5 3

.

1 2

.

6 0

.

6 1 0
.

7 8
.

5 2

.

1 1

0
.

9 0

0
.

2 6

3
.

3 6

1
.

0 9

0
.

0 8

人口O11n0O

:
�甘口Od9曰夕一T e s t 3

T e s t 4

八曰OT e s t s

八�,lT e s t 6

2 8
.

1

6 1
.

8 0

.

4 1

.

2 6

.

3 4

1 5

0
.

4 7

0
.

6 1

.

3 4

.

3 0

0
.

3 2

0
.

2 2

0
.

3 0

0
.

3 1

.

4 5

.

9 2

8 7

.

9 4
.

5 7

.

2 1

.

2 4

.

3 7 0
.

2 6

0
.

5 7

T e s t 7 1 1
.

2 0
.

2 8 0
.

24

T e s t

n a m e 2 0 0

Q

5 0 0 8 5 0 2 0 0

0
.

5 7

H

5 0 0

0
.

2 8 0
.

3 0 0
.

3 7 0

.

6 3

.

8 2

‘

6 4

‘

1 1 0
.

1 3 0

.

1 7

.

2 0 0
.

6 1

A

2 0 0 5 0 0

参
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D

2 0 0 5 0 0 8 5 0 2 0 0 5 0 0 8 5 0

T e s t 1 0
.

3 8 0
.

5 3 0
.
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.
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.
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.
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.

4 4 0
.

89 1
.

5 4 0
.
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.
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·
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·
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·
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.

2 4 0
.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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.
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·
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·
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,
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.
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.
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.
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·

0 1 _ 0
.
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·
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·
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·
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·
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·
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.
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N o t e :

A : m o i s t u r e flu x d iv e r g e n e e ,

D : d iv e r g e n e e ,

参
: v o r t ie ity ; th e fi g u r e s u n d e r lin e d in d i e a t e th a t

th e ir s t a n d a r d iz e d d e v ia t io n s a r e la r g e r tha n 1
.

0 0
.

T h e d e v ia t io n o f t h e t o ta l r a in fa ll in T e s t s l
,

2 a n d 3 s ho w s t ha t d iffe r e n t d ia b a t i e

p r o e e s s e s ha v e d iffe r e n t im p a e t s o n p r e e ip ita tio n p r e d i e tio n
.

T he s e he m e w ith th e g r e a t e s t

im p a e t 15 e o n v e e t io n p a r a m e t e r iz a t io n s e h e m e ,

fo llo w e d by p la n e ta r y b o u n d a r y la y e r

s e h e m e , a n d t h e la s t o n e t he r a d ia tio n s e h e m e , e a e h w it h th e d e v ia t io n s o f 4 5
.

5 , 3 6
.

2 a n d

2 8
.

0 r e sP e e tiv e ly
.

T h e s ta n d a r d i z e d d e v ia t io n s o f d y n am ie fi e ld a n d th e r m a l fi e ld in T e s t s

1
,

2
,

3 s ho w t h a t t he d ia b a t i e Phy s i e a l Pr o e e s s P a r a m e t e r iz a t io n h a s a b ig im P a e t o n v e r t i e al

s p e e d
,

m o is t u r e flu x d iv e r g e n e e ,

d iv e r g e n e e , a n d v o r ti e it y bu t sm all im p a e t o n m o d e l

v a r iab le U
,

V
,

T a n d Q
.

T h e s t a n d a r d i z e d d e v ia tio n o f th e fo r m e r 15 g r e a t e r t ha n 1
.

0 ,

w h ile th a t o f t he la t t e r 15 u s u a lly s m a lle r t ha n 1
.

0
.

M o r e im p o r ta n t ly
,

th e s t a n d a r d iz e d

d e v ia tio n o f v e r t ie a l s p e e d 15 fa r g r e a t e r th a n t ho s e o f o t h e r p hys i e a l e le m e n t s , r e a e hin g

3
.

3 o n 5 0 0 hP a le v e l a n d m o is t u r e flu x d iv e r g e n e e o n 8 5 0 hP a le v e l 2
.

0 6
.

T h is sh o w s t h a t

th e e o n v e e tiv e p a r a m e te r i z a t io n s e h e m e h a s g r e a t im p a e t o n p h ys i e a l e le m e n t s th a t r e fle e t

d ir e e t ly th e m e s o s e a le s tr u e t u r e o f th e m o d e l a t m o sPhe r e , s u e h a s th e v e r t ie a l s p e e d
.

T h e

d e v ia t io n o f U
,

V
,

W
,

T
,

Q a n d H in T e s t 2 m a in ly o e e u r s in t he m id a n d lo w e r la y e r s o f

th e m o d e l
.

E x e e p t W
,

t h e d e v ia t io n v a lu e s a r e u s u a lly g r e a t e r t h a n t h o s e in T e s t l
, a n d

p a r t i e u la r ly t h e d e v ia t io n v a lu e o f T in lo w le v e l 15 t h e b ig g e s t
.

T h is s h o w s t h a t ,

d e t e r m in e d b y t h e e h a r a e t e r is t i e s o f t h e b o u n d a r y la y e r s e he m e ,
th e b o u n d a r y la y e r h a s
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g r e a t e ffe e t s o n p h y s ie a l e le m e n t s o f the m id a n d lo w e r le v e ls in th e t e s t
.

It 15 a ls o w o r th

m e n tio n in g th a t
,

T e s ts l
,

2 a n d 3 h a v e s m a ll im p a e t s o n h e ig ht fie ld
.

E x e e p t tha t o f th e

lo w e r le v e l 8 5 0 hPa e a u s e d by b o u n d a r y la y e r s e he m e , a ll o f th e s t a n d a r d iz e d d e v ia t io n s

a r e s m a lle r tha n 0
.

1 1
,

w ith th a t o f th e h e ig h t fie ld in T e s t 1 a s th e sm a lle s t a n d e v e n th e

b ig g e s t 15 n o m o r e th a n 0
.

0 5
.

T h e r e fo r e ,

w e e a n s e e th a t in the sh o r t
一 r a n g e n u m e r ie a l

Pr e d ie t io n ,
th e d ia b a t ie p h y s ie a l p r o e e s s , e s p e e ia lly t he e o n v e e t io n p a r a m e te r iz a t io n

s e he m e h a s s m a ll im p a e t o n la r g e 一 s e a le e ir e u la t io n ,

b u t big im p a e t o n m e s o s e a le e le m e n t s

a n d s t r u e t u r e s u e h a s p r e e ip ita t io n , v e r t ie a l s p e e d
, a n d d iv e r g e n e e tha t a r e e a s ie r t o r e fle e t

d ir e e tly the e ha ra e t e r is tie s o f m e s o s e a le a n d s m all
一 s e ale w e a th e r s y s t e m

.

It sh o w s th a t th e

d iab a t ie Phy s ie a l p r o e e s s m a in ly in flu e n e e s th e Ph ys ie a l e lem e n t s w ith m e s o s e a le fe a t u r e s

in the he a v y r a in fa ll n u m e r ie a l p re d ie t io n
.

A n d th e e u m u lu s e o n v e e t io n p a r a m e t e r iz a t io n

a n d b o u n d a r y lay e r s e h em e ta k e m o r e e ffe e t s o n th e s e elem e n t s tha n r a d ia t io n s eh em e
.

T h e r e s u lt s o f T e s ts 4
,

5
,

6 a n d 7 sh o w th a t
,

the r a in fa ll d e v ia t io n e a u s e d by T e s t 7

15 1 1
.

2
, a n d g r e a te r th a n 2 0 fo r T e s t s 4

,

5 a n d 6
, e v e n r e a e he s 6 1

.

8 in T e s t 6
.

T h is

in d ie a t e s th a t th e r a in fa ll Pr e d ie tio n d e v ia t io n e a u s e d b y the v a r ia n e e o f e o n v e e t iv e

p a r a m e t e r iz a tio n 15 o b v io u s ly g r e a te r th a n th e e x p lie it s e he m e
.

T e s t s 4
,

5
,

6 a n d 7 ha v e

th e s a m e e ffe e t o n th e p hy s ie a l e le m e n t s
.

T he d e v ia tio n s o f v e rt ie a l s p e e d
,

m o is tu r e flu x

d iv e r g e n e e ,

d iv e r g e n e e , a n d v o r t ie ity a r e u s u a lly g r e a t e r tha n o r a lm o s t e q u a l t o 1
.

0 w hile

th o s e o f U
,

V
,

T
,

Q a n d H a r e b a sie a lly b e tw e e n 0
.

2 t o 0
.

5
, s ho w in g th a t the e o n v e e t iv e

p a r a m e t e r iz a tio n s e he m e s m a in ly in flu e n e e th e m e s o s e a le p h ys ie a l e le m e n t s
.

It m u s t b e

n o t ie e d th a t Be t t s 一M ille r s e h em e ha s th e g r e a t e s t im p a e t o n r a in fa ll p r e d ie t io n d e v ia t io n ,

w ith th e to ta l r a in fa ll d e v ia t io n a m o u n t in g t o 6 1
.

8
.

T h e p o s s ib le r e a s o n m a y be tha t th e

e o n v e e t iv e t r ig g e r in g p r in e ip le s o f Be t t s 一M ille r a re d iffe r e n t fr o m th o s e o f A n the s 一K u o a n d

K a in
一

Fr it s eh s eh e m e s
.

Be t t s 一

M ille r s e he m e a d)u s t s the e n v ir o n m e n ta l te m P e r a t u r e a n d

hu m id ity p r o file s to the r e fe r e n e e a tm o s p he r e ,

b u t o th e r s e he m e s t o th e n e u t r a l

a tm o s p h e r e
.

A s m e n t io n e d e a r lie r ,
the w e a th e r sys te m s o f fo u r he a v y r a in fa ll p r o e e s s e s s ele e t e d in

th e t e s t a r e d iffe r e n t
.

T o a n a ly z e th e im p a e t o f e o n v e e t iv e p a r am e te r iz a t io n s e h em e s o n

he a v y r a in fa ll p r o e e s s e s w ith d iffe r e n t tr ig g e r in g s ys t e m
,

A n th e s 一

K u o ,

B e t t s 一

M ille r a n d

K a in
一

Fr it s eh s eh e m e s a r e a d o p te d fo r s im u la t e d t e s ts in th e fo u r s e e n a r io s , a n d the n

Pr e d ie t io n d e v ia t io n s o f e a e h s im u la t e d t e s t a n d e o n t r o l te s t a r e e a le u la t e d
.

T a b le 3 15 the

a v e r a g e v a lu e s o f p r e e ip it a t io n fo r e e a s t d e v ia t io n a n d s ta n d a r d iz ed d e v ia t io n o f the r m a l a n d

d yn a m ie e le m e n t s o n 5 0 0 hPa le v e l
.

It ha s the fo llo w in g e ha r a e te r is tie s : 1 ) T he d e v ia t io n s

o f he ig h t fie ld fo r th e fo u r s e e n a r io s a r e v e r y s m a ll
,

w ith the b ig g e s t o n e b ein g 0
.

1 6 fo r

“
8

.

2 9 ” s e e n a r io a n d 0
.

0 3 o r 5 0 fo r th e o th e r thr e e s e e n a r io s
.

T h is in d ie a t e s th a t the im p a e t

o f e o n v e e t iv e p a r a m e t e r iz a t io n s e h em e s o n he ig h t field 15 v e r y sm a ll ; 2 ) T h e d e v ia t io n s o f

U
,

V
,

W
,

T a n d Q a r e sm a lle r tha n tho s e fo r th e o the r thr e e s e e n a r io s a n d th e d e v ia t io n o f

r a in fa ll a m o u n t 15 s m a lle r th a n th a t fo r “
8

.

2 4 ” a n d
,’
8

.

2 9 ” e a s e s ,

b u t the d e v ia t io n s o f

m o is t u r e flu x d iv e r g e n e e a n d d iv e r g e n e e fie ld a r e alm o s t e q u a l t o o r g r e a t e r th a n tho s e o f

o th e r th r e e s e e n a r io s
.

T h is s ho w s th a t the v a r io u s e o n v e e tiv e Pa r a m e t e r iz a t io n s eh e m e s

h a v e r e la tiv ely s m all im Pa e ts o n he a v y r a in fa ll p r o e e s s e s e a u s e d b y th e b a r o e lin ie

in s t a bility
.

A fte r e a r efu l e x a m in a t io n o f the p r e d ie t io n o f r a in in g r e g io n a n d s t r e n g th o f

e a e h s e e n a r io
,

it 15 fo u n d th a t th e p r e e ip it a t io n in fin e m e sh g r id d o m a in o n ly a e e o u n t s fo r
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1 8

1 0 % t o 2 0 % o f t o t a l r a in fa ll in “
8

.

1 8 ” e a s e (s e e T a b le 3 )
.

T h is sh o w s tha t th e d e v ia t io n

o f r a in fa ll in “ 8
.

1 8 ” e a s e m a in ly o r ig in a te s fr o m th e v a r ia n e e o f la r g e 一 s e a le sy s t e m
.

T a b le 3
.

T h e A v e r a g e

E lem e n t s in
De

v ia rio n o f 4 8 h R a in fa ll a n d A v e r a g e S t a n d a r diz e d De
v ia rio n o f 5 0 0 hP a Ph ys ie a !

th e T h r e e Co n v e e tiv e Pa r a m e te r iz a tio n S e he m e s

T e s l

C a s e

T o ta l r a in fa ll U V W T Q H A D 套

8
.

5 2 7
.

0 0
.

2 5 0
.

2 7 0
.

9 2 0
.

2 3 0
.

5 5 0
.

0 3 0
.

8 6 0
.

8 6 0
.

7 7

n甘08
.

1 8

8
.

2 4

3 0
.

3 5
.

.

1 5

.

3 0

.

2 4

.

2 6

0
.

6 7 0

1
.

0 8

1
.

0 5

.

1 6

.

2 9

.

3 4

.

4 3

.

0 4

.

0 4

.

9 0

.

9 1

.

6 0

.

9 2

T h e r e s u lt s o f a b o v e a n alysis in d ie a te th a t
, v a r io u s e o n v e e t iv e p a r a m e t e r iz a t io n

s e he m e s h a v e r e la tiv ely s m a ll im p a e t s o n the d y n a m ie a n d the r m al fie ld s o f th e he a v y

r a in fa ll p r o e e s s tr ig g e r e d by th e b a r o e lin ie p e r t u r b a t io n ,

b u t b ig im p a e t s o n th e he a v y

p r o e e s s e s in h o m o g e n e o u s th e r m a l file d
.

T h e r e a s o n 15 th a t
,

d u r in g s u eh h e a v y r a in fa ll

p r o e e s s ,
the la r g e 一 s e a le s y s t em e a n p r o v id e e o n s t a n t la r g e 一 s e a le v a p o r e o n v e r g e n e e a n d

fo r e e d lift m o v e m e n t
.

T h o u g h th e la te n t h e a t o f v a p o r e o n d e n s a t io n e a n s t r e n g th e n th e

la r g e 一 s e a le sy s t e m
,

it d o e s n o t ha v e d e e is iv e e ffe e ts
.

In the h e a v y r a in fa ll p r o e e s s o f a

h o m o g e n e o u s th e r m a l fie ld
,

th e la rg e 一 s e a le fo r e e 15 r e la t iv e ly w e a k a n d the e o n v e e t iv e

p a r a m e t e r iz a tio n h a s big im p a e ts o n r a in fa ll a m o u n t
.

T he d iffe r e n e e s in d e fin it io n o f

e o n v e e tiv e t r ig g e r in g fu n e t io n s o f e o n v e e tiv e p a r a m e t e r iz a t io n s eh e m e s ,
the o e e u r r in g

t im e ,

lo e a t io n s o f e o n v e e tio n a n d r e s p o n s e to la r g e 一s e a le s ys t em s e a u s e g r e a t e r im p a e t s o n

the e v o lu tio n a n d d e v e lo p m e n t o f m o d e l a tm o s p h e r e a n d g r e a t d iffe r e n e e s in fo r e e a s t

r e s u lt s
.

In h e a v y r a in fa ll e a u s e d b y b a r o elin ie p e r t u r b a tio n o r h e a v y r a in fa ll o f

h o m o g e n e o u s th e r m a l fie ld
, the im p a e t s o f e o n v e e t iv e p a r a m e t e r iz a t io n s e he m e s o n

m o is t u r e flu x d iv e r g e n e e a n d d iv e r g e n e e sh o u ld n o t b e ig n o r ed
.

V
.

IMP A C T S O F CO N V E C T IO N PA R AM E T E R IZA T IO N SCH E M E S O N T H E D E V IA T IO N

E V O L U T IO N A N D ST R U C T U R E OF T H E D Y N A M IC A N D T H E R M A L FIEL D PR E D IC T IO N

“ 8
.

5 ”
H e a v y R a in fa ll in S h a n g ha i 15 o n e o f th e m o s t fa m o u s h e a v y r a in fa ll p r o e e s s e s

in 2 0 0 1 a n d a ls o the m o s t s e v e r e r a in fa ll p r o e e s s in S h a n g h a i a ft e r 1 9 4 9
.

It m a in ly to o k

p la e e d u r in g th e n ig h t o f A u g u s t 5 a n d the e a r ly m o r n in g o f A u g u s t 6
,

w ith a m a x im u m

r a in fa ll r a t e o f 5 0 m m / h a n d th e r a in fa ll a m o u n t o f o v e r 2 5 0 m m in 2 4 h o u r s
.

Fig u r e 3

s ho w s th e r a in fa ll o b s e r v a t io n in tha t he a v y r a in P r o e e s s
.

T o a n aly z e th e im p a e t o f e o n v e e tiv e p a r a m e t e r iz a t io n s e he m e s o n h e a v y r a in fa ll

d yn a m ie a n d the r m a l fie ld m o r e th o r o u g hly
, a tw o 一

d im e n s io n a l n e s t e d d o m a in s ho w n in

F ig
.

4 15 r ed e s ig n e d fo r “ 8
.

5 ” H e a v y R a in fall
,

w ho s e e o a r s e g r id d o m a in e e n t r al lo n g it u d e

a n d la t it u d e ,

h o r iz o n t a l g r id s p a e in g a n d g r id n u m be r a r e 3 0
o

N
,

1 1 7
“

E
,

5 4 k m a n d l o 1 X

1 0 1
, r e s p e e tiv e ly

.

T he h o r iz o n t a l g r id s p a e in g a n d g r id n u m b e r o f fin e m e sh d o m a in a r e 1 8

km a n d 1 0 3 X 1 0 3
.

G iv e n the s a m e Pa r a m e t e r s a n d Ph ys ie a l P r o e e s s a s th e e o n t r o l

s im u la tio n in the fo r m e r p a r t
,

th e d iffe r e n t e o n v e e t iv e p a r am e t e r iz a t io n s e h e m e s a r e u s e d

fo r s im u la tio n t e s t
,

in e lu d in g G r e ll
,

A n the s 一

K u o ,

K a in
一

Fr it s e h
, a n d B e t t s 一

M ille r

s eh e m e s
.

C o n s id e r in g th e t im e e ffie ie n ey o f Pr e d ie t io n ,
th e in it ia l in t e g r a l t im e 15 s e t a s
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F ig
.

3
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(a ) H o u r ly r a in fa ll

(b )o b se r v a tio n o f

in X u
ji

a h u iS t a tio n

2 4
一

h h ea v y r a in fa ll

o f S h a n g h a i fr o m 0 0 0 0 2
,

A u g u s t 5 t o 1 2 0 0 2 A u g u s r 7 ;

fr o m 0 0 0 0 2
,

A u g u s t 5 t o 0 0 0 0 2 A u g u s t 6 (u n it : m m )
.

E口匆
、广TT叮

、、
产nUr月」9 0

哭丧
10 0 11 0 12 0 13 0 14 0

.

、飞、

‘。
‘

·

I
、

爪 I
、‘

一
_ _

丈
j
了

一
、

一)
J . 一沙 户 ~

.
叫, 谬

“

N

3 0
18 kn l 10 3 X 10 3 3 0

一
产一

/
!了

‘

尹

‘‘
.

七 ~

刃
、

一

六
、一

一
’

- 一
· ~

-

一
一~

一兮

\
,

z/

2 0

{
20

- 一 , ,
.
‘

.

~ 』一 尸

l

l、�

�

10巨沪不
.

~ l0
.
口
.
. 二加 . ~ ~ 伊‘

, .
. ~

~ ~

4 k l】】

100

1 0 lX 10 1
二 曰 Ij 吐】J l吐.

1 10 120 13 0 14 0
0

E

F ig
.

4
.

M
o d e l d o m a i n fo r “

8
.

5 ” h e a v y r a i n fa ll in S h a n g h a i w ith d a r k d o t be in g th e e e n t r a l p o i n t (
· :

t he e e n t r a l p o i n t o f m o d e l d o m a in )
.

0 0 0 0 2 A u g u s t 5
.

F ig u r e 5 s ho w s th e 2 4 一
h r a in fa ll p r e d i e tio n a n d r a in fa ll o b s e r v a t io n

.

In

t h is fig u r e ,
t he fo u r s e h e m e s s im u la t e th e d e n s e r a in fa ll in t he e a s t r e g io n o f t he s o u th to

t h e Y a n g t z e R iv e r a n d ha v e 1 0 0 m m r a in fa ll e e n t e r s
.

T h e p o s itio n s o f t he r a in in g e e n t e r s ,

h o w e v e r ,

d e v ia t e s ig n ifi e a n tly
.

B e tt s 一

M ille r s e he m e p r e d i e t s b e s t
,

w h o s e r a in in g e e n t e r 15

e lo s e t o t h e o b s e r v a t io n v a lu e w hile G r e ll s e he m e d e v ia t e s m o s t
,

fa ilin g t o p r e d ie t t he

s t r o n g r a in fa ll in S h a n g h a i
,

T he fig u r e s o f h o u r ly ra in fa ll p r e d i e t io n o f th e fo u r s e h e m e s

( fi g u r e o m it re d ) sh o w th a t
,

t he tim in g a n d s t r e n g t h o f t he s u b
一

g r id
一 s e a le r a in fa ll by th e

d iffe r e n t p a r a m e t e r iz a tio n s e h e m e s a r e t o t a lly d iffe r e n t
,

b u t th e g r id
一 s e ale ra in fa ll 15

a lm o s t t he s a m e in t he o e e u r r in g tim e b u t d iffe r e n t in s t r e n g t h
.
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1 8

F ig
.

5
·

2 4 h a e eu m u la tin g r a in fa ll p r e d ie tio n ( eo n to u r , u n it
:

m m ) fo r th e fo u r e o n v e e tiv e

P a r a m e te riz a tio n s e he m e s (a ) Be tts 一

M ille r s e he m e ,

(b ) G r e ll se h e m e (e ) K a in
一

F rit se h

s e h e m e , a n d (d ) A n th e s 一

K u o s e h e m e (T h e lig h t s ha d o w r e g in o n a n d th e d a rk s ha d o w

r e g io n in th e fig u r e in d ie a te th e a r e a w ith r a in fa ll o b s e r v a tio n o v e r 5 0 m m a n d o v e r 1 0 0 m m
,

r e s Pe c tiv e ly
.

)

1
.

TZ’m 巴

De
v ia tio n E v o lu t io n C h a ra c t e r is tic :

of the P re d ic tio n

of 场
n a m ic a n d T he r m a l

F l’e ld

Fig u r e 6 sh o w s h o u r ly p r e d ie t io n d e v ia tio n o f 5 0 0 hPa d y n a m ie field (U
,

V ) a n d 8 5 0

hPa the r m a l fie ld (T ) s im u la t e d in K u o ,

K a in
一

Fr its eh
,

B e t t s 一

M ille r a n d G r e ll s e he m e s ,

r e s p e e t iv e ly
.

A s s e e n in th e fig u r e , the th r e e s e he m e s a r e s im ila r in t e r m s o f d im e n s io n a l

a n d e v o lu tio n eh a r a e t e r is t ie s o f p r e d ie t io n d e v ia tio n
,

T he p r e d ie t io n d e v ia tio n s o f T
,

U
,

V

in e r e a s e lin e a r ly in the fir s t 1 2 一
h in te g r a tin g

,

b e e o m e s a t u r a t e d a t a b o u t th e 1 2th一 1 8 th

h o u r a n d fa ll g r a d u a lly aft e r 1 2 h o u r s
.

Fo r e x a m p le
,

th e d e v ia t io n o f U in B e t t s 一M ille r

s e h e m e fa lls fr o m 1 0 t o 5
.

A ft e r 1 2 h o u r s o f in t e g r a t in g
,

th e p r e d ie tio n d e v ia t io n g r a d u a lly
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一
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(a)
日了

(b)

K U O

K F K r
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18

l5
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302724211815123960

0 62 12 2

SA U G

2 00 1

182 00 2 162 122 18 2 0 02

7 A U G

0 62 12 2

SA U G

2 00 1
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弓~ .一~ 十

口卜~ ~ ~ 口
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日了
(e )

KU O

鱿 r

F ig
.

6
.

H o u r ly p r e d ie tio n s d e v ia t io n o f 5 0 0 hPa

dy n a m ie fie ld (U
, a ; V

,

b ) a n d 85 0 hPa

th e rm a l fie ld (T
, e ) o f A n t he s 一

K u o

(a br e v ia te d a s K U O )
,

K a in
一

F rits eh (a s

K F )
,

B e tts 一

M川
e r (a s BT ) a n d G r e ll

S e he m e s (C o n t r o l s im u la tio n ) fo r the

s im u la te d a r e a s
.

肠 2 12 2 18 2 00 2 16 2 122

SAU G

2 0 0 1

18 2 00 2

7 A U G

d r o P s
.

In B e t t s 一M ille r s eh e m e
,

fo r e x a m Ple
,

U d e v ia tio n fa lls fr o m 1 0 t o 5
.

A ft e r 2 4

h o u r s
,

the d e v ia tio n o s e illa t e s
.

T h is sh o w s tha t the Pr e d ie tio n d e v ia t io n P r o d u e ed b y

d iffe r e n t p a r a m e t e r iz a t io n s e h em e s o f m o d els a Pp r o a e he s s a tu r a t e d a ft e r 1 2 ho u r s o f

a e e u m u la tin g
,

a n d th is e a n als o b e a p p lie d t o th e eh a n g e s o f th e d yn a m ie a n d th e r m a l fie ld s

o f u p p e r a n d lo w le v el a tm o sp he r e a lo n g w ith tim e
.

In e o m p a r is o n o f the v e r t ie a l

d is tr ibu t io n eh a r a e t e r is t ie s o f dyn a m ie a n d th e r m a l field s (fig u r e o m it t ed )
,

it 15 fo u n d th a t

the d e v ia t io n v a lu e s o f 2 0 0 hP a U
,

V a r e m u e h g r e a t e r th a n th o s e o f m id a n d lo w e r le v els
,

a n d th e p r e d ie t io n d e v ia t io n s o f th r e e s eh e m e s a n d o f K U O s e h em e a r e g r e a t e r th a n 10 a n d

e v e n 5 0
,

r e s Pe e tiv ely
.

T h e d iffe r e n e e o f t e m Pe r a t u r e d e v ia tio n v a lu e 15 lo w e r tha n U a n d

V
,

fo r a ft e r 1 2 ho u r s o f a e e u m u la tin g in t e g r al
,

the t e m p e r a t u r e d e v ia t io n s o f the th r e e
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1 8

s eh e m e s a t 8 5 0 hPa
,

5 0 0 hP a a n d 2 0 0 hPa a r e r e sP e e t iv e ly b e tw e e n 3 t o 6
,

b e tw e e n 1 t o Z

a n d a b o u t 1
.

It s h o w s th a t
,

a s fo r d y n am ie s fa e to r s
,

the e o n v e e t iv e p a r a m e t e r iz a tio n

s eh e m e ha s m o r e im p a e t s o n th e h ig h le v e l a t m o s p he r e
,

h o w e v e r fo r th e r m a l fa e to r s
,

m o r e

im p a e t s o n the lo w Ie v e l a tm o s p h e r e
.

2
.

了
,

人‘ R e la t io n s h iP of P re d ie t io n F ield De
v ia t io n S tru

c t u re a n d P re c iPita t io n
of S u b

一

G r id
-

S c a le

C h o o s e B e tt s 一

M ille r s eh e m e w h ieh m a d e a g o o d Pr e d ie tio n o f th e Pr e e iPit a t io n
,

a n d

G r e ll w hie h m a d e a ba d p r e d ie t io n
.

U sin g the s u m o f U a n d V a bs o lu t e d e p a r t u r e a n d T

a b s o lu t e d e p a r tu r e t o r e p r e s e n t the a b s o lu t e d e p a r t u r e o f d yn a m ie field p r e d ie t io n a n d tha t

o f the r m a l fie ld
,

r e sP e e t iv e ly
,

w e e a le u la t e the e o r r ela t io n e o e ffie ie n t s b e tw e e n the

a b s o lu t e d e p a r t u r e o f d y n a m ie a n d th e r m a l fie ld s o f p r e d ie t io n a t s e v e r a l p r e s s u r e le v e ls

a n d th e a b s o lu t e d e p a r t u r e o f s u b
一

g r id
一 s e a le p r e e ip it a t io n

,

e o r r ela t io n e o effie ie n ts b e tw e e n

the a bs o lu te d e p a r t u r e o f d y n a m ie a n d th e r m a l fie ld s o f p r e d ie t io n fie ld s a t s e v e r a l p r e s s u r e

le v e ls a n d th e ab s o lu t e d e p a r t u r e o f g r id
一 s e ale p r e e ip it a t io n

.

F ig u r e 7 sh o w s the ho u r ly

e o r r e la t io n e o effie ie n t a t 9 2 5 hPa
.

It e a n b e s e e n tha t
,

a s th e in t e g r a t io n t im e in e r e a s e s
,

the tw o k in d s o f e o effie ie n t s t e n d to 9 0 d o w n
,

a n d th e e o e ffie ie n t o f s u b
一g r id

一s e a le

p r e e ip it a t io n te n d s t o d e e r e a s e m o r e o b v io u s ly
.

In in t e g r a tio n tim e o f 1 h to 1 2 h
,

th e

e o e ffie ie n t b e tw e e n the d e p a r t u r e o f d yn a m ie fie ld p r e d ie t io n a n d th a t o f s u b
一

g r id
一 s e a le

Pr e e iPit a t io n 15 a b o u t 0
.

4 a n d th e o the r 15 o n ly a bo u t 0
.

2 (s e e

u s u ally g r e a te r tha n 0
.

4
,

w ith a m a x im u m

0
.

4 (s e e Fig
.

7 b)
.

T h is s h o w s tha t b e fo r e

o f the s u b
一
g r id

一s e a le P r e e iPit a t io n a n d

v alu e g r e a te r th a n 0
.

7
.

1 2 h o u r s o f in t e g r a t in g
,

Fig
.

7 a ) : T he fo r m e r 15

T he la tt e r 15 lo w e r th a n

th e ho r iz o n t a l s t r u e t u r e

the d e P a r t u r e o f d yn a m ie a n d

Pr e d ie t io n a r e r a th e r

e o r r e la tio n

the s a m e a n d the a r e a s w he r e th e r e 15 r ela t iv e ly he a v y

the r m a l fie ld

s u b
一

g r id
一 s e a le

一一了.、
n一

O f r C

十~ ~ ~斗 r嗽~ t

。- - 一曰 邝‘ 奄

u v a n d r n u v

(a)

e o r r e la tio n O f r e t a n d

刊- - - -于 r峨es t

。

一司 r代es t

00丹

:
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6
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:
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0
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H o u rly e o e ffie ie n t s o f a bs o lu t e d e v ia t i o n o f P r e d ie t io n o f 9 2 5 hP a in Be t t s 一

M ille r a n d G r e ll

s e he m e s : (a ) d yn a m ie f ie ld a n d (b ) th e r m a l fie ld
.

(+ : s u b
一
g r id

一s e a le p r e e i p i t a t io n , o : g r id
-

s e a le P r e e ip i ta t io n )
.

傀J2
1 .1

0

⋯
八曰00
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p r e e ip it a t io n a r e a ls o th e a r e a s w it h g r e a t e r d e p a r tu r e o f d yn a m ie a n d th e r m a l fie ld

p r e d ie t io n
.

A ft e r 2 4 h o u r s
,

th e e o effie ie n t b e tw e e n p r e e ip ita t io n o f dy n a rn ie a n d th e r m a l

fie ld s a n d th a t o f s u b
一

g r id
一 s e a le d r o p s t o a b o u t 0

.

2
,

th e s a m e a s g r id
一 s e a le e o e ffie ie n t

.

T h e P o s s ible r e a s o n s a r e th a t w he n th e d e v ia t io n o f d yn a m ie a n d the r m a l fie ld s r e a eh e s a

e e r t a in p o in t
,

th e “

in it ia l e o n d it io n ’ o f th e in t e g r a l u s e d in th e la t e r in te g r a tio n in th e

m o d e l e ha n g e s s ig n ifie a n tly
,

in flu e n e in g the la t e r p r e d ie t io n r e s u lt s
.

A ft e r e o m p a r is o n o f

th e e o e ffie ie n ts o n a ll le v e ls
,

it 15 fo u n d th a t th e ir v a r ia n e e e h a r a e t e r is t ie s a r e s im ila r t o 9 2 5

hP a
.

O n th e w ho le
,

h o w e v e r
,

the e o e ffie ie n t o f the lo w e r la ye r 15 g r e a t e r th a n th a t o f t he

hig he r le v e ls (fig u r e o m it te d )
.

K u o a n d K a in
一

F r its eh
’5 ha v e s im ila r s tr u e tu r e s o f

p r e d ie t io n d e v ia t io n o f dy n a m ie a n d th e r m a l fie ld s a s B e t t s 一M ille r ’5 a n d n e e d n o t e x p la in

a g a ln
·

F ig u r e s 8 a n d 9 g iv e th e s u m o f the d e v ia t io n o f s u b
一

g r id
一s e a le p r e e ip it a tio n a n d the

d e v ia tio n s o f d yn a m ie fie ld U a n d V a t 5 0 0 hPa le v e l
,

a n d T d e v ia tio n a t 7 0 0 hPa le v el a t

the Z n d ho u r a n d 2 8 th h o u r o f in t e g r a t in g r e s p e e tiv e ly b e tw e e n K u o s e he m e a n d G r e ll

se he m e
.

T h e fig u r e sh o w s tha t a t the 2 n d ho u r
,

th e d e v ia t io n d is t r ib u t io n o f e o n v e e t iv e

3 4
1 (a ) 34

(b )

鲸
, ,

1瞥
”

1备
30 1

2 8 28
马

26

伊
/

厂

1 19

‘J 了

/
/

,/

杯
/

一
~ 产

11 5 117 12 1 12 3 12 5
O

E 115 1 17 1 19 1 2 1 12 3 12 5
O

E

3 41 (c)
豁

, ,

1只滋
> Fig

.

8.

3 0

黔
厂

?

厂鬓
2 8

T h e d e v ia tio n (a ) o f s u b
一
g r id

一s e a le

Pr e e iPit a tio n
,

th e s u m o f U a n d V
, s

d e v ia tio n o f 5 0 0 hP a ( b )
,

a n d

te m Pe r a tu r e T
’5 d e v ia tio n (e ) o f 7 0 0

hP a o f K u o a n d G r e ll s e he m e s a fte r Z

ho u r s o f in te g r a tin g
·

2 6

115 1 17

之
119 12 1 123 12 5

O

E
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1 8

r c t= 2 8

3 4

3 2

3 0

2 8

2 6

115 11 7 1 19 12 1

t* t t= 2 8

12 3 12 5
O

E 115 1 17 1 19 12 1 12 3 12 5
“

E

3 4

3 2

(e )

F ig
.

9
.

A s in F ig
.

8
,

b u t fo r 2 8 h o f in te g r a tin g
.

口

妙臀黔

么

12 3 12 5
“

E

了
\�
、尹夕
副凡孟

户了月浑内尸�幼/一O了2 8

、Z一,
少

户J尸多一�曰、

气‘

p r e e ip it a t io n 15 s im ila r t o t h e d e v ia t io n o f U
,

V a n d T in t e r m s o f d is t r ib u t io n a r e a
.

T he

d e v ia t io n o f U
,

V a n d T w it h g r e a t e r d e v ia t io n o f s u b
一

g r id
一 s e a le p r e e ip ita t io n p r e d ie t io n 15

a ls o in t h is a r e a
.

A t th e 2 8t h h o u r
,

t he d e v ia t io n o f s u b
一

g r id
一 s e a le p r e e ip it a t io n fo r m s o v e r

t he o e e a n a t 1 2 0 t o 1 2 3
o

E
,

b u t t he d e v ia t io n o f U
,

V
,

a n d T r e le v a n t to t h is a r e a 15 v e r y

s m a ll
,

m a in ly o n t h e la n d a t 3 0 to 3 3
O

E
.

T his illu s t r a te s d ir e e tly t h a t t he d e v ia t io n a r e a o f

t h e s u b
一

g r id
一 s e a le p r e e ip it a t io n e o r r e s p o n d s to th a t o f U

,

V a n d T p r e d i e t io n w e ll in th e

in itia l in t e g r a t in g t im e b u t n o t v e r y w e ll in la t e r tim e
.

3
.

T h e I m Pa c t of C o n v e c t iv e P a ra m e t e ri z a t i o n S c h e m e s o n 几f亡s o sc a le C i rc u la t i o n S tr u c tu re

T he d iffe r e n e e o f e o n v e e t iv e P a r a m e t e r i z a tio n s e he m e s in flu e n e e s t he s t r u e t u r e o f

t he r m a l a n d d yn a m i e fi e ld s e v e n t u a lly
.

F ig u r e s 1 0 a n d 1 1 s ho w th e s t r u e t u r e s o f

lo n g it u d in a l e r o s s s e e t io n s o f t h e v o r t ie i ty a n d p o t e n t ia l p s e u d o 一 e q u iv a le n t t e m p e r a tu r e o f

fo u r s e h e m e s a t 22 1
“

E a n d 2 8 一 3 3
“

N a t h e a v y r a in fa ll e e n t e r a ft e r 2 4 h o u r s o f in t e g r a t in g
.

I t e a n b e s e e n th a t
,

t h e lo n g i t u d in a l s t r u e t u r e s o f v o r t i e it y a n d p o t e n t ia l p s e u d o 一 e q u iv a le n t
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t em p e r a t u r e a r e v e r y d iffe r e n t
.

In th e fig u r e o f v o r t ie ity
,

th e m a x im a l v o r t ie it y e e n t e r s o f

Be t t s 一M ille r a n d A n the s 一

K u o s e he m e s
,

a r e a t 3 0 0 hPa (th e hig he r le v e l o f t r o p o s p he r e )
,

tha t o f K a in
一

F r it s e h s e he m e 15 a t 5 0 0 hPa (t h e m id le v el o f t ro p o s p he r e ) a n d th a t o f G r ell

s ehe m e 15 a t the lo w e r le v el o f t r o p o s p he r e
.

T h e lo w e r le v els o f B e t t s 一

M ille r s e h em e a r e a ll

Po sit iv e v o r t ie ity w hile th o s e o f o the r s eh em e s h a v e e ithe r p o sit iv e o r n e g a tiv e v o r t ie ity
.

A t 3 0 to

v o r tlc lt y
,

e q u iv a le n t

O C CU f S

10 0

1n

3 1
O

N
,

th e m id a n d lo w e r le v e ls o f tr o p o s p h e r e in K u o s eh em e a r e o f p o sit iv e

b u t s t r o n g ly n e g a t iv e a p p e a r s in G r e ll s e he m e
.

T he fig u r e o f p o te n tia l p s e u d o -

t e m p e r a t u r e sh o w s th a t th e g r e a t e s t d iffe r e n e e o f t e m p e r a t u r e s t r a t ifie a t io n

the m id a n d lo w e r le v e ls o f t r o p o s p h e r e
.

T h e K u o ’5 15 u n s t a b le g e o p o t e n t ia l

瑙
配。

一

)

0000000000000000
,‘飞J4
心J
6
lzR�O

100

10 0 0

2 8

F ig
.

1 0
.

2 9

L o n g it u d in a l

I n t e g r a t ln g :

(u n i t : s 一 1 )
.

3 0 3 l

C r 0 S S S e C t lo n S

32

o f t he

( a ) A n t h e s 一K u o ,

(b )

3 3 2 8 2 9 3 0 3 1 3 2 33

v o r t ie ity o f fo u r s e he m e s a t 1 2 lO E a ft e r 2 4 ho u r s o f

K a i n 一

Fr it s e h
.

(e ) G r e ll
,

a n d (d ) B e t t s一

M i lle r s e he m e s
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8 0 0
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1又,‘飞J4
‘J

�目nn�O�‘O,了

崖崖羹慧寒毫翅硬耐些鉴鑫墓墓蠢鑫薪薪
怡怡二二二= . 了口二二二二翻出昌留二二二二早二= = , 艺 .

一一
‘‘兰呈兰 盆盆 l 正孟二二二巴二二留 二二二巴巴二 二二已 7沼

一
, ,

一
二二‘‘二二二二二二可月, , 二留

二二二二二二二.
目===

扇扇履邀攀寒墓窦奎奎蠢息自塞奎奎妻 酸奎墓墓鑫墓墓

一一
产卜分

获 :二二二二二卜, :二笠二二二二二
~~~ ‘~ ~ ~ 亏~ 闸~

- - J O蕊

一
一~ ~ 一- J 日刁尸~ ~ -

一
一

一一

爪爪爪28 2 9 3 0 3 l 32 3 3

卜卜些三= 甲= ~ 芝三三三软
日
好‘兰兰兰兰二三三三二二二二三元万欲竺至至

七七二二二二二二二= 弓. .

一
月~

— —
. . .

一
. .

—
一一

崖崖氢酷攀鑫鑫参羹羹黝蟾鑫叁鑫奎奎
‘‘. . ‘‘ . . . . . 日盛

一
二二, ~~ , . . . . . . . ‘ ‘. ‘~巴 =

一
二, . 勺. , ~ . . . ‘‘ ‘. . , 卜

一一

一一一
F ig

.

1 1
.

A s in Fi g
.

1 0
,

b u t fo r p o t e n t i a l p s e u d o 一 e q u iv a le n t t

eTn p e r a t u r e (u n it : K )
.

s t r a t ifi e a t io n
,

w he r e a s G r e ll
’5 15 a p p r o x im a t e ly n e u t r a l a n d K a in

一

Fr it s e h
’5 a n d B e t t s -

M ille r ’5 a r e w e a kly u n s ta b le
.

F ig u r e s 1 0 a n d 1 1 illu s t r a t e t h a t
,

t ha n k s t o t h e d iffe r e n e e o f

e o n v e e t iv e p a r am e t e r iz a t io n s e h e m e s
,

t h e s t r u e t u r e o f th e r m a l fi e ld a n d d y n a m i e fi e ld a t

m id a n d lo w e r le v e ls o f t r o Po s p h e r e e a n b e v e r y d iffe r e n t
,

t he d yn a m i e a n d th e r m a l

e h a r a e t e r is t i e s o f in i t ia l v a lu e s o f la t e r in t e g r a tio n in t he m o d e l ha v e s ig n ifie a n t d iffe r e n e e
,

a n d t ha t d iffe r e n e e w ill in flu e n e e t he r e s u lt o f t he la t e r m o d e l in t e g r a tio n
.

V l
.

D IS C U S S IO N

T h e r e a r e t hr e e b a s i e e o n d it io n s fo r o e e u r r e n e e o f h e a v y r a in fa ll
: v a p o r e o n d it io n s

,
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u n s ta b le s tr a t ifie a t io n a n d v e r tie a l lift
.

T he m o s t im p o r t a n t in v a p o r e o n d it io n s 15 m o is t u r e

flu x d iv e r g e n e e
.

In a la r g e 一 s e a le e n v ir o n m e n t a l fie ld
,

it 15 v e r y d iffie u lt t o fin d o u t w h e r e

the s e fa v o r a b le e o n d it io n s w ill e m e r g e
.

T h e s tu d ie s o f the fo u r s e e n a r io s s ho w th a t in

s ho r t
一 r a n g e p r e d ie t io n th e b o u n d a r y la ye r s e h em e a n d e u m u lu s e o n v e e t io n p a r a m e te r iz a t io n

s eh em e h a v e sm a ll im p a e t o n la r g e 一 s e a le e ir e u la t io n
.

H o w e v e r
,

th e b o u n d a r y la ye r s eh em e

h a s g r e a t im P a e t o n th e r m a l elem e n t s o f lo w e r le v e l a t m o s p h e r e a n d th e e u m u lu s

e o n v e e t io n p a r a m e te r iz a t io n s e he m e o n m o is tu r e flu x d iv e r g e n e e a n d v e r t ie a l s p e e d
,

w h ie h

a r e ju s t th e b a s ie e o n d it io n s o f h e a v y r a in
.

T his s ho w s rh a t rh e tw o s e h em e s h a v e d ire e t

im P a e t o n th e b a sie e o n d it io n s fo r o e e u r r e n e e o f he a v y r a in fa ll a n d the ir d iffe r e n e e s w ill

r e s u lt in s ig n ifie a n t d iffe r e n e e in th e lo e a tio n s a n d s tr e n g th
.

T he r e fo r e
,

it e a n be r e g a r d e d

th a t in the n u m e r ie al sim u la tio n o f s h o r t
一 r a n g e h e a v y r a in fall

,

th e tw o s e h e m e s a r e tw o

s e n s ib le fa e t o r s th a t in flu e n e e he a v y r a in fa ll sim u la t io n
.

O n e o f th e r e a s o n s fo r in a e e u r a ey o f the h e a v y r a in fa ll p r e d ie t io n 15 th e in a e e u r a ey o f

p r e d ie t in g the p h ys ie s e le m e n t s
,

s u e h a s m o is tu r e flu x d iv e r g e n e e a n d v e r t ie a l s p e e d th a t

e a n r efle e t th e m e s o s e a le eh a r a e t e r is t ie s o f h e a v y r a in fa ll
.

T he p u r p o s e o f e n s e m ble

fo r e e a s t fo r he a v y r a in fa ll 15 to r e fle e t the u n e e r t a in t y o f th e s e e le m e n t s in n u m e r ie a l

P r e d ie t io n
.

In th is e a s e
,

p e r t u r bin g th e e le m e n t s tha t r efle e t th e u n e e r ta in ty o f b a s ie

e o n d it io n s fo r he a v y r a in e a n h elp e o n s t r u e t s u e e e s sfu le n s e m ble p r e d ie tio n m o d e l a n d fo r m

a r e a s o n a b le e x h a la tio n a m o n g th e e n s e m b le m em be r s
.

F r o m the ab o v e s t u d y
,

it 15 fo u n d

th a t t he b o u n d a r y la ye r a n d e o n v e e t iv e p a r a m e t e r iz a t io n s e he m e s h a v e a b ig in flu e n e e o n

Ph ysie a l e le m e n ts th a t r e fle e t the m e s o s e a le s t r u e t u r e o f th e he a v y r a in fa ll
.

T h e b o u n d a r y

la ye r s e he m e e a n r e fle e t th e u n e e r t a in t y o f u n s t a b le s t r a tifie a t io n Pr e d ie tio n
.

fo r its

d iffe r e n e e h a s th e g r e a t e s t im p a e t o n th e r m a l p r e d ie t io n
.

R e fle e t in g th e u n e e r t a in ty o f

v a p o r e o n d it io n s a n d v e r t ie a l lift
,

th e e o n v e e t iv e p a r a m e t e r iz a t io n s e he m e in flu e n e e s m o s t

m o is tu r e flu x d iv e r g e n e e a n d v e r tie al s p e e d
.

T h e re fo r e
,

w e e a n s ta r t w ith a b o u n d a r y la ye r

a n d e o n v e e t iv e Pa r a m e t e r iz a t io n s e he m e s to e o n s tr u e t the h e a v y r a in fa ll e n s e m b le

Pr e d ie t io n m o d e l o f C h in a
.

T h e r e a r e tw o e o n s tr u e tio n m e th o d s fo r e n s e m b le Pr e d ie tio n m o d e l
.

O n e 15 t o ble n d

d iffe r e n t b o u n d a r y la ye r a n d e o n v e e t iv e p a r a m e t e r iz a t io n s e he m e s a n d th e o the r 15 t o a d iu s t

the p a r a m e t e r s o f the s e he m e s
.

T he m a in r e a s o n s o f p r e d ie t io n d iffe r e n e e e a u s e d b y

e o n v e e t iv e p a r a m e t e r iz a tio n s eh em e s lie in d e fin it io n o f e o n v e e t iv e t r ig g e r in g fu n e t io n
.

Co n v e e t iv e tr ig g e r in g fu n e t io n 15 a s e t o f s t a n d a r d v a lu e s o f in itia l p a r a m e t e r s
.

Fo r

e x a m p le
,

A n th e s 一

K u o s eh em e in MM SV 3 m o d e l 15 o f v a p o r e o n v e r g e n e e s eh e m e
,

fo r

w hie h the r e a r e t hr e e s ta n d a r d s t o t r ig g e r e o n v e e t io n
,

1
.

e
.

the v e r tie a l in t e g r a l o f w a t e r -

v a p o r flu x d iv e r g e n e e 15 g r e a t e r th a n 3
.

0 X 1 0 一 7
k g m 一 2 5 一 1

,

th e p o sit iv e b u o ya n t e n e r g y

u n d e r the to p o f th e e lo u d 15 g re a t e r th a n n e g a t iv e b u o ya n t e n e r g y
,

a n d the e u m u lu s h eig h t

m u s t b e h ig he r th a n 占= 0
.

3 必一 (P 一 P
‘

)八P ;
一P

。

)
,

the d efin it io n o f v e r t ie a l e o o r d in a t e o f

MM S )
.

G r ell a n d K a in
一

Fr it s e h s eh e m e s a r e t r ig g e r e d by e o n v e e t iv e elo u d h e ig ht
,

w h o s e

p r in e ip le s a r e s im ila r t o th a t o f A r ak a w a 一

Se h u b e r t
.

G r e ll s eh e m e e a le u la t e s t he p r e s s u r e

d iffe r e n e e b e tw e e n th e m a x im u m m o is t s t a t ie e n e r g y a n d fr e e e o n v e e t ive he ig h t
.

T he b a s ie

e o n d it io n s fo r o e e u r r e n e e o f e o n v e e t io n s a r e tha t e u m u lu s thie k n e s s 15 g r e a te r tha n 1 5 0

hPa
,

a n d th e r e m u s t be g r o u n d m o is t d o w n d r a fts
.

B e tt s 一

M ille r s e h em e 15 o f e o n ve e tiv e

a d ju s tm e n t o n a s s u m p t io n o f in s ta n t a n e o u s b a la n e e
,

a diu s t in g the the r m a l s t r u e t u r e t o
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q u a s i
一

b a la n e e s t r u e t u r e
.

T h e d iffe r e n e e o f e o n v e e t iv e t r ig g e r in g fu n e t io n m a k e s th e

lo e a t io n
,

t im e
,

a n d in t e n s it y o f e o n v e e t io n d iffe r e n t
,

a n d in flu e n e e s the m e s o s e a le

e h a r a e t e r is t ie s a n d s t r u e t u r e o f a t m o s p he r e thr o u g h fe e d b a e k s ys t em
.

It e a n b e s e e n th a t

d iffe r e n t s eh e m e s a n d p a r a m e t e r v a lu e s e a n r efle e t th e u n e e r ta in t y o f e u m u lu s e o n v e e t io n
.

A ft e r m o d e l in te g r a tin g fo r s o m e t im e
,

the d y n a m ie a n d the r m al s t r u e t u r e s o f

p r e d ie tio n b e e o m e s ig n ifie a n tly d iffe r e n t d u e t o th e d iffe r e n e e o f p a r a m e t e r iz a t io n s e he m e s
.

A s the s e d iffe r e n e e s a r e n o t e a u s e d by in it ia l e o n d it io n s
,

b u t b y d iffe r e n t p a r a m e te r iz a t io n

s e he m e s
.

T ho s e n o t o n ly in fu le n e e th e Phy s ie a l ele m e n t s th a t e a n r efle e t th e m e s o s e a le

s ys t em a tie e ha r a e te r is tie s in th e m o d e l
,

b u t a ls o in flu e n e e th e in it ia l v alu e o f the in te g r a l

o f the m o d e l a ft e r s o m e t im e in d ir e e t ly
,

thu s le a d in g t o d iffe r e n t p r e d ie t io n r e s u lts

e v e n t u a lly
.

In th is s e n s e
,

d iffe r e n t p a r a m e te r iz a t io n s eh e m e s e a n h a v e im p a e t n o t o n ly o n

m e s o s e a le s ys te m b u t a ls o o n th e in it ia l v alu e o f in t e g r a l in th e la te r tim e b r in g in g

u n e e r t a in t y t o th e h e a v y r a in fa ll n u m e r ie a l s im u la t io n
.

V ll
.

SU MMA R Y

U s in g fo u r he a v y r a in fa ll s e e n a r io s in 2 0 0 1
,

this p a p e r e x a m in e s the im p a e t s o f

d ia b a tie p hy s ie a l p r o e e s s e s o n the d yn a m ie a n d th e r m a l field s o f s ho r t
一 r a n g e he a v y r ain fa ll

n u m e r ie a l p r e d ie t io n
,

s t u d ie s tho r o u g hly th e e ffe e ts o f e p n v e e t iv e p a r a m e te r iz a t io n

s e he m e s o n m e s o s e a le h e a v y r a in fa ll p r e d ie t io n a n d d is e u s s e s th e fe a s ibility o f h e a v y

r a in fa ll e n s e m ble p r e d ie t io n in C h in a w ith m o d e l p e r t u r b a t io n m e th o d
.

T h e r e s u lt s a n d

e o n e lu s io n s a r e a s fo llo w s :

(1 ) In the s ho r t
一r a n g e h e a v y r a in fa ll n u m e r ie a l p r e d ie t io n

,

d ia b a t ie p hy s ie a l p r o e e s s e s

h a v e s m a ll im p a e t s o n la r g e 一s e a le e ir e u la t io n a n d g r e a t im p a e t s o n p hy sie a l e le m e n t s th a t

r e fle e t the e h a r a e t e r is t ie s o f he a v y r a in fa ll m e s o s e a le e ir e u la t io n
.

O n th e o the r h a n d

e u m u lu s e o n v e e tiv e p r o e e s s a n d b o u n d a r y la ye r p r o e e s s h a v e g r e a t e r im p a e t s o n h e a v y r a in

p r e d ie t io n th a n r a d ia tio n P r o e e s s d o e s
.

T he e u m u lu s e o n v e e t io n p a r a m e t e r iz a t io n s eh e m e

h a s s m a ll im p a e ts o n he a v y r a in t r ig g e r e d by b a r o e lin e s y s t e m
,

g r e a t im p a e t s o n n o n -

fr o n t al s ys te m w ith w e a k g r a d ie n t o f la r g e 一 s e a le th e r m a l field s a n d th e g r e a te s t im p a e ts o n

r a in fa ll
,

v e r tie a l s p e e d a n d m o is t u r e flu x d iv e r g e n e e
.

B o u n d a r y la ye r p r o e e s s ha s th e

g r e a t e s t im Pa e t o n the lo w e r th e r m a l field
.

(2 ) T h e s im u la te d te s t o f
“

8
.

5
’

H e a v y R a in fa ll in S h a n g ha i s ho w s tha t
,

th e

d e v ia t io n s o f d yn a m ie a n d th e r m a l field Pr e d ie t io n in v a r io u s e o n v e e tiv e P a r a m e te r iz a t io n

s eh e m e s in e r e a s e r a p id ly in the fir s t 1 2 h in t e g r a t io n
,

d e e r e a s e s in the 1 2 h to 1 8 h
,

a n d

th e n o s e illa t e s in la te r t im e
.

In the in itia l t im e o f in t e g r a t io n
,

the r e 15 a g o o d e o r r e la t io n

b e tw e e n d e v ia t io n s t r u e t u r e o f d yn a m ie a n d th e r m a l fie ld a n d d e v ia t io n s tr u e tu r e o f s u b
-

g r id
一s e a le

.

T he y h a v e s im ila r h o r iz o n t a l s t r u e t u r e s
.

T h e im p a e t s o f e o n v e e t iv e

p a r a m e t e r iz a t io n s eh em e s o n U
,

V a n d T o f hig h e r a n d lo w e r le v e ls s h o w th a t
,

th e r e a r e

g r e a te r im p a e t s o n U a n d V o n h ig h e r le v e ls tha n o n lo w e r le v e ls
,

slig htly g r e a te r im p a e ts

o n T o n lo w e r le v e l tha n o n h ig h e r le v e ls
.

A fte r 1 2 h in te g r a tio n
,

th e s t r u e t u r e o f d y n a m ie

fie ld o f th e a t m o s p h e r e in th e m o d e l 15 s ig n ifie a n t ly d iffe r e n t fr o m th a t o f th e r m a l field s
,

a n d the in it ia l v a lu e o f in t e g r a l u s e d in la t e r in t e g r a tin g in the m o d el 15 als o d iffe r e n t
.

(3 ) T h e e le m e n t s in flu e n e e d by b o u n d a r y la ye r a n d e o n v e e t iv e p a r a m e te r iz a t io n

s e he m e s a r e ju s t the b a s ie e o n d it io n s fo r o e e u r r e n e e o f he a v y r a in fa ll
.

T h is in d ie a t e s th a t



N o
.

1 C H E N 介 n g
,

X U E Jl sh
a n a n d Y A N H胡g

7 1

the a e e u r a e y o f n u m e r ie a l p r e d ie t io n o n he a v y r a in fa ll 15 v e r y s e n s ib l
e to b o u n d a r y la y e r

a n d e o n v e e tiv e p a r am e t e r iz a t io n s e he m e s
.

T h e k e y t o s u e e e s s fu l e n s e m b le p r e d ie t io n 15 t o

fin d o u t tho s e s e n s ible e le m e n t s t ha t in flu e n e e t h e a e e u r a e y o f h e a v y r a in fa ll p r e d ie t io n a n d

t o p e r t u r b the m
.

It e a n b e r e g a r d e d th a t
.

in a ho m o g e n e o u s t h e r m
a
l fie ld

.

the b o u n d a r y

la ye r a n d e o n v e e t iv e p a r a m e t e r iz a tio n s e he m e s e a n b e a p p lie d in e o n s t r u e tin g e n s e rn b le

p r e d ie t io n m o d e l
·

T he r e a r e tw o e o n s t r u e t io n m e th o d s fo r e n s e m b le p r e d ie t io n rn o d e l
.

O n e

15 t o b le n d th e d iffe r e n t b o u n d a r y la y e r a n d e o n v e e t iv e p a r am e te r lz a t io n s e he m e s a n d th e

o the r 15 t o a d ju s t t he p a r a m e t e r s o f t he s e he m e s
.

In e n s e m ble m o d e l
.

d iffe r e n t b o u n d a r y

la ye r a n d e u m u lu s p a r a m e te r iz a t io n s eh em e s in flu e n e e n o t o n ly th e m e s o s e a le s y s t e m o f th e

m o d el
,

b u t a ls o the
’
‘

in t e g r a l
’5 in itia l v alu e

”

o f the m o d e l
,

w h ie h r e fle e t s th e u n e e r ta in

in flu e n e e o f d ia b a tie p hy s ie a l p r o e e s s e s o n h e a v y r a in fa ll s im u la t io n
.

(4 ) T h e he a v y r a in fa ll s e e n a r io s s e le e t e d in t his s t u d y a r e m a in ly sh o r t
一 r a n g e h e a v y

r a in fa ll e a s e s
.

A s fo r e o n tin u o u s he a v y r a in fa ll o n e s
,

s u eh a s t h o s e Ia s tin g fo r m o r e th a n Z

t o 3 d a y s
,

th e im p a e t eh a r a e t e r is t ie s o 王 d ia b a tie p h y s ie a l p r o e e s s e s o n la r g e 一 s e a le

e ir e u la t io n n e e d t o b e fu r the r s t u d ie d
.

R EF E R E N C E S

A b u lim iti (2 0 0 1 )
,

M
o n th ly w e a th e r

,

M
e t e o ro lo g ic a l M

〔〕, , th ly
,

2 7 (1 1 ) : 5 8 一 6 1 (in C hin e s e )
.

A n th e s
,

R
.

A
.

(1 9 7 7 ) A eu m u lu s p a r a m e re riz a tio n s e he m e u t iliz in g a o n e 一

d im e n s io n a l e lo u d m o d e l
,

人尹。n
.

W
e a

.

R e v
. ,

1 0 5 : 2 7 0 一 2 8 6
.

A r a k a w a
,

A
.

a n d S e h u be r t
.

W
.

H
.

(1 9 7 4 )
,

In t e r a e rio n o f a e u m u lu s e lo u d e n s e m b le w ith th e la r g e s e a le

e n v ir o n m e n t
,

P a r t l
, ,

1
.

A t从 0 5
.

S e i
.

,

3 1 : 6 7 4 一 7 0 1
.

B e t t s
.

A
.

K
.

(1 9 8 6 ) A n e w e o n v e e t iv e a d zu s tm e n r s e he m e
,

Pa r t 1 O b s e r v a t io n a l a n d the o r e t ie a l ba sis
.

Q u a 对
.

J
.

R 卿
.

八五只te o r
.

5 0 〔
. ,

1 1 2 : 6 7 7 一 6 9 2
.

及t ts
,

A
.

K
.

a n d M Ille r
,

M
.

J
.

(1 9 8 6 b )
.

A n e w e o n v e e r iv e a d ju s t m e n t s e he m e
.

Pa r t “ : S in g le e o lu m n t e s rs

u s in g G A T E w a v e
.

B OM E X
.

A T E X a n d A r e tie a ir
一

m a s s d a t a se ts
.

Q u a r t
.

I
.

R 刃
.

M
e te o r

.

5 0 0
. ,

1 1 2 : 6 9 3

一 7 0 9
.

C h e n B o m in a n d Q ia n Z h e n g a n (1 9 9 2 ) A r e v ie w o n t he p r o b le m s o f e u m u lu s p a r a m e t e r iz a tio n
,

P la te a :、

人五 teo r o lo

舒
.

1 1 (2 ) : 2 1 3 一 2 2 1 (in C h in e s e )
.

C he n

De hu i (1 9 9 7 )
,

T ee hn iq u e s o n rh e p a r a m e t e riz a tio n o f e u m u lu s e o n v e e tio n
,

Q u a r te r
ly lo :‘r n a l of

月户户lie d M
记 te o r o lo gy

.

8 (9 ) 6 9 一 7 8 (in C h in e s e )
.

C u i B o
,

W
a n g Jia n

ji
e a n d G u o X ia o r o n g ( 1 9 9 9 )

,

R e a l
一tim e fo r e e a s t e x p e r一m e n t s u s ln g M M S in N a tio n a l

M
e t e o r o lo g ie a l Ce n t e r

,

Q u a r te r
ly Jo

u r、 a l of 月P户lied M
‘t e o r o lo舒

·

2 : 1 2 9一 1 4 0 (in C hin e se )
.

D u dh ia
,

J
.

(1 9 8 9 )
,

N u m e r iea l S t u dy o f e o n v e e tio n o b s e r v e d d u r in g th e w in te r m o n s o o n e x p e r im e n t u s in g a

m e s o s e a le tw o 一

d im e n s io n a l m o d e l
,

J
.

A tm o s
.

S c :
.

4 6 : 3 0 7 7 一 3 1 0 7
.

F rit s e h
,

J
.

M
.

a n d C h a p p e ll
,

C
.

E
.

(1 9 8 o a )
,

N u m e r ie a l p r e d ie t io n o f eo n v ee t iv e ly d r iv e n m e so s e a le p r e s s u r e

s ys t e m s
,

P a r t l : C o n v e e tiv e Pa r a m e te r iz a tio n
.

J
.

A tm o s
.

s c z二 3 7 : 1 7 2 2 一 1 7 3 3
.

F rits e h
,

J
.

M
.

a n d C ha p p e ll
.

C
.

E
.

(z 9 8 ob )
.

N u m e r ie a l p r e d ie tio n o f eo n v e e tiv e ]y d r iv e n m e s o s ea le

p r e s s u r e sy s te m s
,

Pa r t U : M e s o s ea le m o d e l
.

J
.

A t从 0 5
.

S c : 二 3 7 : 1 7 2 2 一 1 7 3 3
.

G r e ll
,

G
.

A
.

(1 9 9 3 )
,

P r o g n o s t ie e v alu a [ io n o f a s s u m p tio n s u s e d b y e u 仃、u lu s p a r a m e te r iz a t io n s
,

M
o n

.

W
e a

.

R e v 二 1 2 1 : 7 6 4 一 7 8 7
.

G r ell
,

G
.

A
.

D u dh ia
,

J
.

a n d S ta u ffe r
.

D
.

R
.

(1 9 9 4 )
,

A D e s e r ip t io n o f th e Fifth
一
G e n e r a t io n Pe n n St a te

/

N C A R M
e s o s ea le M

o d e l (MM S)
.

N C A R T e eh n ie a l N o t e
/ N T 一 3 9 8 + 1 A I3 8 p p

.

G u Jia n fe n g (1 9 9 9 )
.

C o m p a r a tiv e e x p e r im e n ts o n p r e e ip it a tio n P r e d ie tio n w ith d iffe r e n t d e e p e o n v ee t iv e

Pa r a m e te r iz a tio n s e h e m e s
,

入夕砂t e o r o lo g i c a l M
o n thly

,

2 5 (4 ) : 4 1 一 5 3 (in C hin e s e )
.
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.

1 8

H o n g S o n g y o u a n d P a n H u a lu (1 9 9 6 )
,

N o n 一

lo e a l bo u n d a r y la ye r v e r tie a l d iffu s io n in a m e d iu m
一r a n g e

fo r e ea s t m o d e l
,

材
。n

.

w
‘a

.

R e v
. ,

1 2 4 (1 0 ) : 2 3 2 2 一 2 3 3 9
.

In s tit u te o f A tm o s Ph e r ie P h ys ic s
,

C h in e se A e a d e m y o f S e ie n e e s (1 9 9 8 ) 五口st A sia M
o n s o o n a n d C hin a

H
ea

妙 R a i双fa ll
,

C h in a
M

e te o r o lo g iea l P r e s s
,

B e ijin g so sp p
.

(in C h in e s e )
.

K a in
.

J
.

5 a n d F ritse h
,

J
.

M
.

( 1 9 9 0 )
,

A o n e 一

d im e n s io n a l e n t r a in in g /de t r a in in g p lu m e m o d e l a n d its

a PPliea t io n in e o n v e et iv e Pa r a m e te r iz a tio n J
.

A tm o s
.

S c i
. ,

4 7 : 2 7 8 4 一 2 8 0 2
.

Li Z h e e u n Y a n Z h ih u i a n d W
a n g Jia n ji

e (1 9 9 7 )
,

D is e u s s io n s o n th e p e r t a in e d p r o b le m s in d e v e lo pm e n t o f

th e n u m e riea l w e a th e r p r e d ie tio n o p e r a tio n o f he a v y r a in fa ll
,

刀
巴a

妙 R a i双fa ll
·

压
sa ster

,

1 : l 一 7 (in

C hin e s e )
.

L iu Y im in g (1 9 9 8 )
,

A p p liea t io n o f e u m u lu s p a r a m e te riz a t io n s eh e m e s in C h in a
,

A et a
M

泛t e o
ro lo g ic a S in ic a

5 6 (2 ) : 2 4 7 一 2 5 4 (in C hin e s e )
.

P a n
Jin

s o n g
,

Z h a i G u o q in g a n d G a o K u n (2 0 0 2 ) C o m p a r is o n s o f th r e e e o n v ee tio n p a r a m e t e riz a t io n

s e he m e s in r e g io n a l C lim a t e
,

C h in ese

JO
u r n a l of A tm o

sP he r ic S c ien c e s
,

2 6 (2 ) : 2 0 6 一 2 1 9 ( in C hin e s e )
.

R e s e a r eh G r o u p 8 5一 9 0 6
一
0 4 (1 9 9 6 )

,

T h ‘ S t u

dy of N
e w N

u m e ri c a l P re d ic tio n T e ch n o lo舒 of 了’yPho o n a n d

H
e a

妙 R a i刀j及11
,

C h in a
M

e te o r o lo g ie a l Pr e s s
,

B e iji
n g

,

1 9 op p (in C h in e s e )
.

S te n s r u d D
.

J
.

B a o Ji
a n w e n a n d W

a r n e r
,

T
.

T
.

(2 0 0 1 ) U s in g in itia l e o n d itio n a n d m o d e l p h ys ie s

p e r tu rb a t io n in s h o r t一r a n g e e n s e m b le s im u la tio n s o f m e so s e a le e o n v e e tiv e s ys te m s
M d n

.

W
ea

.

Re
v

. ,

1 2 8 : 2 0 7 7一 2 1 0 7
.

T a o S hiya n (1 9 8 0 )
,

了了‘a

妙 R a i刀
‘

fa ll in Ch in a
,

B e iji
n g

,

S e ie n e e Pr e ss 2 25 p p
.

(in C hin e s e )
.

W
a n g Ji

a n ji
e

,

H u X in a n d G u o X ia o r o n g (2 0 0 1 )
,

Co m p a ris o n e x p e r im e n ts o n e u m u lu s p a r a m e te riz a tio n

se h e m e s o f the
M M S

,

Q
u a rt e

rly JO
u r n a l of A PPlied M亡t

e o

rol
o

舒
,

1 2 : 4 1一 5 3 (in C h in e s e )
.

W
an g W

e i a n d S e a m a n
,

N
.

L
.

(1 9 9 7 )
,

A eo m p a riso n s t u d y o f e o n v e e tiv e p a r a m e te r iz a tio n se h e m e s in a

m e s o s ea le m o d e l
,

材d n
.

W
ea

.

R e v
.

1 2 5 : 2 5 2 一 2 7 8
.

Y a n H o n g (1 9 8 3 )
,

De
s ig n s o n fin e m e s h g rid n e s t m o d e l u n d e r e o m p lie a te d te r r a in e o n ditio n s

,

( I )

P a r a m e te r iz a tio n o f fin e m e s h g r id p h ys ie a l p r o e e s se s
,

P la tea u
材七t

eo r o lo舒 6 (2 ) : 6 4 一 1 3 9 (in

C h in e s e )
.

Z h a n g D alin ( 1 9 9 8 )
,

R o le s o f 歹a rio u s d ia b a tie p hy s ie a l p r o e e s s e s in m e so s ea le m o d e ls
,

S c￡e n iia

A tm o
sP h e月ea l 5 1儿ic a

,

2 2 (4 ) : 5 4 8 一 5 6 1 (in C hin e s e )
.


