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C H A R A C T E R IST IC S O F M E SO SC A L E F L O O D
一

M A K IN G

T O R R E N T IA L R A IN S Y ST E M SIM U L A T E D B Y H IG H

R E S O L U T IO N L IM IT E D A R E A M O D E L 一N U M E R IC A L

S IM U L A T IO N O F A H E A V Y R A IN PR O C E SS

D U R IN G M E IY U S E A SO N IN 1 9 9 1
‘

Z h u H e (朱 禾 )

B e iji
n g M

e te o r o lo g ie a lC o lle g e
,

B e ijin g 1 0 0 0 8 1

a n d E
.

R a sm u s se n

C o p e n h a g e n U n iv e r sity
,

D e n m a rk

R e ee iv e d o e t o be r 3 0
,

1 9 9 5 : r e v ise d M
a r eh 6

.

1 9 9 6

A BS T R A C T

A n e x p e r im e n t a l w o rk o n th e t r a n s p la n t o f h ig h r e s o lu tio n lim ite d a r e a m o d e l (H IR L A M ) 15

fir s tly in t r o d u ee d in t o C h in a
.

Fo r th e im ple m e n t a tio n
,

fir s t o f a ll 15 t o a d ju s t a n e w g e o g r a ph ie a l

eo o r d in a tio n a n d t o r e m o v e th e in s t a bilit y e a u s e d by t he T ibe t a n Pla t e a u
,

t he r o o f o f th e w o r ld
.

T h e n
,

w e h a v e a p p lie d th is m o d e l t o sim u la t e a flo o d
一

m a kin g t o r r e n tia l r a in p r o e e s s w h ie h o e eu r r e d

in the C h a n g ji
a n g

一

H u a ih e R iv e r V a lle y in Ju ly 1 9 9 1
.

T h a t r e v e a le d th e fo rm a t io n
,

d e v e lo p m e n t a n d

m o v e m e n t o f a m e so s ea le h e a v y r a in s ys te m w h ie h ha d m a d e a d isa s t r o u s flo o d e v e n t in th e m id d le

a n d lo w e r r e a e he s o fC h a n g ji
a n g R iv e r V a lle y

.

T h e r e s u lt e n eo u r a g e s u s t o u se th e H IR LA M fo r th e r e s e a r e h e s o n th e
M

e iyu be lt
,

th e sa lie n t

fe a t u r e o f p r e e ip it a tio n o f E a s t A s ia
,

a n d th e n u m e rie a l p r e d ie tio n o f h e a v y r a in s in C hin a
,

K e y w o r d s : h e a v y r a in o f M
e iy u

,

h ig h r e s o lu tio n
,

m e s o se a le

1
.

IN T R O D U C T IO N

S e v e r e M e iy u t o r r e n tia l r a in s a n d d is a s t r o u s flo o d s o e e u r r e d in th e C h a n g jia n g
一

H u a ihe

R iv e r V a lle y d u r in g M a y to Ju ly 1 9 9 1
,

w h ie h ha d m a d e a t r em e n d o u s lo s t o f p r o p e r t y o v e r

6 0 b illio n Y u a n s
,

the m o s t s e r io u s d is a s te r e v e n t d u e t o flo o d e e o n o m ie a lly s in e e th e fo u n -

d a tio n o f n ew C h in a
.

T he e x te n s iv e a n d lo n g d u r a t io n o fM e iy u 15 a m o s t s a lie n t P r e e iPit a
-

t io n fe a t u r e in C h in a a n d in the e a s te r n A s ia a s w e ll
.

w h ie h o ft e n b r in g s h e a v y r a in s d ir e e t
-

ly a ffe e t e d by the m e s o s e a le h e a v y r a in / flo o d s y s t e m s
,

a n d 15 d e v e lo p e d b y t he m e s o s e a le

s y s te m s in te r a e te d w ith the s y n o p tie w e a th e r s y s te m s
,

T h e r efo r e
,

M e iy u he a v y r a in 15

u s u a lly m o r e e x te n s iv e a n d lo n g e r t ha n the he a v y r a in s fo r m e d by e o m m o n s tr o n g e o n v e e -

t io n
.

B y h is t o r ie a l r e e o r d s in C h in a
,

t h e a r e a l m e a n P r e e iPit a tio n w ithin s u e e e s s iv e 1 0 d a ys

o v e r 1 0 0 0 0 km o f 1 0 5 0 m m (Z ha n e t a l
.

1 9 8 3 ) o e e u r r e d in the Q in g jia n g V a lle y
,

a t r ib u -

t a r y o fC h a n g iia n g R iv e r b y M e iyu h e a v y r a in s
.

B e e a u s e M e iy u h e a v y r a in 15 u s u a lly m ix e d

T his 15 a p a r t o f a S in o 一

D a n is h eo 一o p e r a tiv e p r o je e t a n d fu n d ed by rhe N a tio n a l N a t u r a l Sc ie n e e

Fo u n d a tio n o f C h in a a n d D a n is h In te r n a tio n a l D e v e lo p m e n t A s s is ta n ee
.
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w ith in the sy n o p t ie r a in b elt
,

it 15 n o t e a s ily d e t e e t a ble by th e e o n v e n t io n a l sy n o p t ie

w e a th e r a n a ly s is a n d / o r n u m e r ie a l Pr e d ie t io n m o d els
.

T he m e s o s e a le n u m e r ie a l sim u la t io n o f a M e iy u h e a v y r a in p r o e e s s o e e u r r in g in th e

Ch a n g jia n g
一

H u a ihe R iv e r V a lle y in 1 9 9 1 15 p e r fo r m e d by h ig h r e s o lu tio n lim ite d a r e a m o d e l

(H IR L A M ) in th e p r e s e n t w o r k
.

T he m a in e o n te n t in elu d e s s o m e m o d ifie a tio n s o f

H IR LA M in o r d e r to t r a n s p la n t it in t o C h in a
,

a n d to r e v e a l the eh a r a e t e r is t ie s o f M e iyu

he a v y r a in s y s t e m
.

11
.

SO M E M O D IF IC A T IO N O F O R IG IN A L H IR L AM

T he h ig h r e s o lu tio n lim it e d a r e a m o d e l (H IR L AM ) n u m e r ie a l w e a the r p r e d ie tio n sy s -

t em (G u s t a fs s o n 1 9 9 3 ) 15 jo in tly d e s ig n e d b y e x p e r t s fr o m n in e E u r o p e a n e o u n t r ie s a n d ha s

be e n p u t in t o o p e r a t io n in fiv e e o u n t r ie s
.

H IR L A M 15 m o r e a d a p t ab le fo r the d e t a il a n aly
-

5 15 o f thie k a t tn o s p h e r ie p he n o m e n a a n d fo r b e t te r r e v e la tio n a n d p r e d ie t io n o f m e s o s e a le

he a v y r a in
.

T he m o d e l h a s a d e t a 一le d d iv is io n b o t h in ho r iz o n t a l a n d v e r t ie a l d ir e e t io n s
,

a n d ha s a n a ll
一 r o u n d e o n sid e r a t io n o f v a r io u s m e te o r o lo g ie a l p r o e e s s e s

,

s u e h a s r a d ia tio n
,

t u r b u le n t e x eh a n g e
,

s u r fa e e p h ys ie s
,

a n d p r e e ip ita tio n p r o e e s s
.

e t e
.

U s u a lly th e d ir e e t a b
-

s o r p t io n o f s o la r r a d ia tio n 15 n o t t o b e e o n s id e r e d in o th e r lim ite d a r e a m o d e l
,

b u t in

H IR L A M
,

th e sh o r t w a v e a n d lo n g w a v e r a d ia t io n d is p e r sio n a n d r e flee tio n o f elo u d a r e t o

b e e o n sid e r e d in d e t a il
.

F o r the s u r fa e e p h ys ie a l p r o e e s s e s o f th r e e la y e r s u n d e r g r o u n d
,

the

in flu e n e e o f 5 0 11 t em Pe r a t u r e a n d m o is t u r e v a r ia tio n s o n a t m o sPhe r ie P ro e e s s
,

r a d ia tio n a n d

p r e e ip ita t io n
,

a n d the in flu e n e e o f s u r fa e e fr ie t io n
,

r e fle e tio n
,

s u r fa e e t em p e r a t u r e a n d

m o is tu r e d is tr ib u tio n
,

la n d
一s e a d e v ia t io n o n a tm o s Phe r ie a n d s u r fa e e h e a t

,

m o m e n t u m a n d

v a p o u r e x e ha n g e a r e e o n s id e r e d a ls o
.

T he p r e e ip it a tio n p r e d ie t io n 15 e o m m o n ly a e r itie a l

p r o ble m in v o lv e d in v a r io u s m o d els in the w o r ld
.

T o s tr e n g the n th e p r e e ip ita t io n p r e d ie
-

t io n
,

b e s id e s th e p a r a m e tr ie m e tho d a k in d o f e x p lie it s e he m e 15 e o n s id e r e d
,

1
.

e
.

e o n s id e r

the w a t e r v a Po u r in e lo u d a s a n in d e p e n d e n t v a r ia ble
.

Fo r o p e ra t io n a l p r o p o s e
,

the a r e a l

a n d v e r tie al s u b d iv is io n e a n b e a diu s t e d a r bit r a r ily
.

It e a n be s u bd iv id e d in to 3 1 s u b la ye r s

v e r t ie ally a n d a s e lo s e a s 4 k m g r id s p a e e e a n b e ta k e n in ho r iz o n t a l d ir e e t io n
.

A n d fo r th e

u s e o f d a ta fr o m o the r m o d e l
,

a s e t o f p r o g r a m m e s 15 in t r o d u e e d
,

in w hie h th e n e s te d g ir d

e a n b e e a le u la te d n o n s yn e h r o n o u sly (G u s t a fs s o n 1 9 9 3 )
·

T h e r e s u lt q f th e m o d el o p e r a -

t io n a l u s e d in De
n m a r k s h o w s th a t th e e v a lu a tio n o f p r ed ie t io n 15 e v id e n tly h ig h e r th a n

th a t o f E CMW F
.

T h e r e fo r e
,

w e b e lie v e th a t t o in t r o d u e e th is m o d e l in t o Ch in a 15 p r a e ti
-

e a lly b e n e fie ia l
.

B u t th is m o d e l h a d n e v e r be e n u s e d in the lo w e r a n d m id d le la t it u d e s o f

E a s t A s ia
,

a n d e s p e e ia lly w e a r e n o t e e r t a in o f the Pe r fo r m a n e e o f th e m o d e l in p r e d ie t io n

a n d s m o o th o P e r a tio n
,

P r a e t ie a lly w he n in v o lv e d w ith the T ib e ta n P la te a u 一 the r o o f o f the

w o r ld
,

in the u p p e r r e a e he s o f C ha n g jia n g R iv e r V a lle y
.

1
.

E lim in a tion of T op
o g r a Phic E

rror
d u e to t he T ib e ta n P la te a u

T h e to p o g r a p h ie effe e ts o f th e T ibe ta n Pla te a u o n th e w e a th e r sys t em o f C h in a a r e

v e r y sig n ifie a n t
.

It 15 5 0 e a lle d th e r o o f o f th e w o rld
,

s itu a t e d in th e s o u thw e s t o f A s ia
,

a n d 15 o n th e u PPe r s tr e a m o f w e a the r e ir e u la t io n o f C h in a
.

B u t it 15 r a th e r ha n d ie a PPe d n o t

o n ly to g e t th e r e a l in fo r m a t io n in t im e b u t a ls o fo r it s h u g e v o lu m e a n d h ig h e r a lt it u d e
.

W he n w e fir s t in tr o d u e e H IR L A M in to this r e g io n w e fo u n d tha t in s t a bility o f e a le u la t io n
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E

F ig
.

1
.

P o te n tia l h ig h t o f 5 0 0 h p a b e fo r e m o d ifie a tio n (a ) a n d a fte r m o d ifie a tio n (b )
.

o e e u r r e d o w in g t o the h ig he r r e lie f o f the p ia t e a u a s the d a r k a r e a s illu s t r a te d in F ig
.

la :

e s p e e ia lly
,

it 15 v e r y re m a r k a ble in th e fin e r g r id m o d e l
.

T hr o u g h s e v e r a l o p e r a tio n s a n d

e a le u la t io n s
,

s o m e e r r o r s a r e fo u n d o u t in th e o r ig in a l s eh em e o f d e s ig n
,

1
.

e
. ,

v e r y lo w

v a lu e o f s u r fa e e p r e s s u r e e o u ld b e o e e u r r e d w h e r e th e a lt it u d e 15 hig h e r tha n 5 5 o o m
,

a n d

h e n e e
,

a ll o f th e v e r tie a l in t e r p o la t io n s r ela te d t o th is v a lu e w o u ld fa il
.

T h e o r ig in a l m o d el

e a n b e s m o o th ly o p e r a t e d in E u r o p e b e e a u s e t he a lt itu d e s a r e m o s tly lo w e r th a n 5 5 0 0 m
.

A u th o r s h a d m a d e s o m e m o d ifie a t io n s a s s h o w n in th e fo llo w in g in it ia l fie ld s a n d th e e r -

r o r s p r o d u e e d b y the hig he r to p o g r a p h y a r e e lim in a te d (F ig
.

lb )
.

T h e p r o e e d u r e o f t he e a l
-

e u la t io n o f s u r fa e e p r e s s u r e 15 a s fo llo w s
.

L e t the v e r t ie a l d is t r ib u t io n o f t e m p e r a t u r e n e a r the s u r fa e e b e

T
二

一 B ln P + C
,

w h e r e B a n d C a r e tw o e o n s ta n t s w hie h a r e o b ta in e d by le a s t s q u a r e
.

A n d t o in te g r a te s ta t
-

ie fu n e t io n

必 一 妙一 {
P 亡 ‘

户‘、
r

R ·
T

·

d ln p
,

了

S u p e r s e r ip t
“e。“

15 E CMW F v a lu e a n d / o r a n y o the r v a lu e d iffe r e n t w ith H IR L A M ; “

h ir
”

15 H xR L A M v a lu e
,

S u b s e r ip t
“、’

15 s u r fa e e v a lu e
,

P
, 方‘·

15 th e e s tim a tio n o f 尸
, h‘r

. “ , ’

15

th e v a lu e n e x t to 中
: h‘尸 ; a n d

中
, “

> 中
, h‘r

,

w h e n B 笋 O

In户夕
‘·

=
一 C + V C

Z
+ B IB (In P 考) “ + ZC ln P考 十 2 (必 一 创

‘r ) / R

B

w he n B = O

In户
s人‘

一 In 尸
, 二 + (º , ‘

一
。

s “·

) / 尺e
.

E a e h m o d e l lay e r 。o o r d in a t e : 5 d e fin e d b y P
, h了r a n d th e n

,

in t e r p o la t e th e E C Mw F d a t a o n t o

e a e h m o d e l la y e r a n d fin a lly
,

c o r r e e t 户
, ‘’‘ v a lu e

.

T h e p r in e ip le 15 t h a t t he Ca le u la t e d

E CM W F a n d H I R L A M a t m o s Ph e r e fr o m s u r fa e e to P , s h o u ld b e b a la n e e d
,

1
.

e
. ,

t he

th i e k n e s s d iffe r e n e e o f 少
·

(尸, ) 一 夕
‘· (尸 z) S ho u ld b e r e d u e e d t o t he s u r fa e e p r e s s u r e o f

H IR L A M
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尸
、‘

一 户
, “ r e x p 空区尸立二竺 (里丫

R 了
’

踢 /
’

w he r e T 溉 15 the v ir t u a l t e m p e r a t u re o f the lo w e r m o s t la y e r o f the rn o d e l
,

A e e o rd in g to t h e r e lie f o f the to p o g r a p h y
,

P
,
m u s t b e h ig h e r tha n th e h ig h e s t m o u n -

ta in in th e m o d e l
.

T h e r efo r e
,

in o r d e r t o g e t a s m o o t h o p e r a t io n
,

s e t th e P
, to b e 3 0 0 hP a

,

b e e a u s e th e h ig h e s t a lt it u d e o f th e T ib e ta n P la te a u 15 e o m m o n ly o v e r 6 0 0 0 m
.

2
.

R ot a ted SPh e r ic a l C o o

rd in a t e

T h e r o ta t e d s p h e r ie a l e o o r d in a te 15 a n e w m e th o d a d o p t e d in th e eh a n g e a b le lim ite d

a r e a m o d e l
.

Pa r t ie u la r ly in th e h ig he r la t itu d e
,

it e a n he lp a v o id the e o n tr a e t io n o f lo n g i
-

tu d e s tha t m a k e s a g r e a t e r d is to r t io n o f g r id p o in t s
,

a n d th e N o r t h P o le 15 n o t n e e e s s a r y a t

the to p o f the fig u r e
.

Fig u r e 2 sh o w s t he tr a n sfo r m a t io n o f the e o o r d in a t e
.

L e t n o n the X
一

2 p la n e
,

a n d t he r a d iu s o f e a r th be 1
.

n = (e o s凡
, e o s中

, ,
,

O
,

s in 中
。户 )

e 15 a p o in t o n th e e a r th
,

a n d its lo n g it u d e a n d la tit u d e 15 (久
,

必 ) r e s p e e tiv e ly
.

In the n e w

e o o rd in a t e
,

e 15 (久‘
,

创 )

c = (e o s能 0 5 中
,

s in 能 0 5 中 s in 中)
.

d = (o
,

一 1
,

0 )
,

p o in t e d to the e o u n t e r d ir e e t io n o f Y a x is
,

必‘
= 二 / 2 一 a r e e o s (e o s 人e o s

众
0 5 几

, 户e o s巾
, 户

+ s in咖 in叭
户)

,

久‘ = a re e o s

c o s中
, , s in中 + sin 中

, , e o s 人e o s 中

A e e o r d in g to the m e th o d
,

w e

w hie h in elu d e s the w ho le a r e a

c o s 中‘

{
’

e ho o s e 7 2 一 1 2 0
0

E
,

a n d 2 0 一 4 0
0

N a s the s im u la t io n a r e a ,

o f T ib e t a n P la t e a u a n d the C ha n g iia n g R iv e r V a lle y
.

A ft e r th e m o d ifie a t io n a n d e o r r e e t io n o f th e o r ig in a l m o d e l
.

H IR L A M e a n b e

;

Fig
.

2
.

R o t a te d sPh e r iea l e o o rd in a t e
.
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1 0

s u e e e s sfu lly o p e r a t e d in th e T ib e t a n Pla t e a u a n d th e C ha n g )ia n g R iv e r V alley
,

a n d a s e r ie s

w e a the r s ys t e m s a r e w e ll s im u la te d in th e s e a r e a s
.

B e s id e s
,

v a r io u s a t m o 一

p h ys ie a l d ia g
-

n o s tie fie ld s r e la te d to th e fo r m a t io n a n d d e v e lo p m e n t o f M e iy u r ain s a r e a d d e d
,

s u e h a s

v o r t ie ity
,

d iv e r g e n e e
,

s t a b ility
,

lo w le v e l ie t
,

a n d v a r io u s e r o s s 一 s e e t io n s a r e o b ta in e d
.

B y t h e e a le u la t io n
,

th e m o d e l ha s a h ig h e r a bility t o r e v e a l t he eh a r a e t e r is t ie fe a t u r e s

o f m e s o s e a le h e a v y r a in s ys te m a n d m o re a e e u r a t e ly t o p r e d ie t e ith e r the t r e n d o r th e o r d e r

o f m a g n itu d e o f the

la te a M e iyu h e a v y

s y s te m (Z hu 1 9 9 5 )
.

T he r efo r e
,

w e in tr o d u e e the H IR L A M t o s im u -

r a in

H u a ih e R iv e r s V a lle y in

111
.

M E T H O D A N D D A T A

p r o e e s s tha t ha d m a d e a d is a s tr o u s flo o d e v e n t in th e C h a n g jia n g
-

1 9 9 1
.

T h e m o d ifie d H IR LA M 15 u tiliz e d fo r the s im u la t io n o n t h e M e iyu he a v y r a in s d u r in g

4 一 7
,

Ju ly 1 9 9 1 in th e C h a n g jia n g a n d H u ihe R iv e r s V a lle y
.

T he w ho le p r o e e s s 15 e a le u la t
-

e d by tw o p e r io d s :

Ju ly 4
,

0 0 0 0 U T C t o 6
,

0 0 0 0 U T C a n d 6
,

0 0 0 0 U T C t o 7
,

0 0 0 0 U T C
.

T h e p r e d ie t io n m o d e l 15 p r im it iv e e q u a t io n m o d e l a n d e o m p r eh e n s iv e p h y s ie a l p a r a rn e te r i
-

z a t io n 15 e o n sid e r e d a ls o
.

T h e in te g r a t io n a r e a a s s ho w n in F ig
.

4
,

15 1 9 4 火 1 1 0 g r id p o in t s

(0
.

2 5
0

X 0
.

2 5
0

)
,

a n d 3 1 Ia ye r s
.

T h e e x p lieit s e he m e 15 u s e d fo r p r e e ip it a tio n
,

a n d e v e r y

s ix
一

h o u r a n a lys is o f ECMW F fo r the b o u n d a r y fie ld s
.

In o r d e r to m a k e a s m o o th o p e r a -

t io n
,

the s ix o r d e r R a ym o n d filt e r 15 a d o P te d he r e
,

w hieh 15 m o r e effie ie n t t o filt e r th e

sh o r t w a v e
.

T h e in it ia l field s a r e p r o d u e e d b y d a ta a s sim ila t io n
,

a n d g lo b a l m u ltip le o p t i
-

m a l in t e r p o la t io n 15 a d o Pt e d fo r th e o b ie e t iv e a n a lys is
.

In o r d e r t o g e t in it ia l fie ld s w h ie h

k e e p th e o p t im u m m e s o s e a le fe a t u r e s a n d le a s t e r r o r s in the fir s t s t e p o f o p e r a t io n
,

the

d ig it a l filt e r s e he m e w h ie h w a s d e v elo p e d by H u a n g e t a l
.

(1 9 9 4 ) 15 u s e d h e r e
.

F o r th e e a le u la t io n o f p a r a m e tr ie p hy s ie a l p r o e e s s e s
,

s o m e o th e r b a e kg r o u n d d a t a
,

fr ie t io n e o e ffie ie n t o f s u r fa e e
,

r e fle e t a n e e
,

v e g e ta t io n
,

s u r fa e e te m p e r a tu r e a n d m o is tu r e

d is t r ib u t io n s
,

d e v ia t io n o f la n d a n d s e a a r e p r e lim in a r ily e a le u la te d fr o m the g lo b al elim a t e

d a t a : th e to p o g r a p h ie r e lief 15 t r a n sfe r r e d fr o m 1 0‘义 1 0‘ d a t a : a n d the hig he s t r e lief o f T i
-

be ta n P la te a u e a n b e e a le u la t e d u P to 6 0 0 0 m
.

IV
.

R E S U L T A N D D ISC U S S IO N

1
.

G ‘n era l Ci rc u la ti o n

A ty p ie al M e iyu fr o n t o e e u r r e d d u r in g 4 一 7
,

Ju ly 1 9 9 1
.

T h e fr o n t s tr e t e he d fr o m th e

n o r th w e s t Pa e ifie to w a r d t h e e a s t s id e o f T ib e ta n Pla t e a u a lo n g 3 0
0

N
.

By th e s o u th s id e o f

th e fr o n t
,

a s tr o n g s u b t r o p ie a l hig h s t r e t eh ed fr o m th e E a s t C h in a S e a t o w a r d the in la n d o f

C h in a
.

A n d b y it s w e s t s id e
,

the w a r m a n d m o is t a ir w ith h ig h v a p o u r e o n t e n t fr o m th e

B e n g a l a n d S o u th C h in a S e a t r a n sfe r r e d s u e e e s s iv ely by s o u thw e s t lo w le v e l ie t to w a r d the

C h a n g iia n g
一

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

By th e n o r the r n s id e
,

a b lo e k e d hig h w a s s itu a te d in the

m id d le a n d h ig h e r la tir u d e s ; the e o ld a ir s e p a r a t ed a n d m o v e d s o u t h w a r d e o n t in u o u s
ly

fr o m th e w e s t e r lie s lo w t r o u g h a n d e o n fr o n te d w ith the w a r m a n d m o is t a ir o v e r the

C h a n g iia n g
一

H u a ih e R iv e r s V a lle y w he r e th e m id d le la t it u d e d ia b a tie b elt 15 a ls o fo u n d
.

M e a n w h ile
,

a n u m b e r o f w e a th e r s ys t e m s a r e fa v o u r a b le fo r th e p r e e ip it a t io n
.

M o s t o f

th em a r e o f s yn o p t ie s e a le
,

b u t th e h e a v y r a in / flo o d s y s t e m s a re fo r m e d b y the in te r a e t io n
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o f m u lt ip le s e a le o f w e a t he r s y s t em s a n d th e m ajo r ity o f th e r a in / flo o d sys t em s a r e o f

m e s o s e a le
.

T he s im u la t io n in d ie a t e s (a s s ho w n la te r ) tha t a m e s o s e a le he a v y r a in sy s t e m

b e g a n t o fo r m a t 0 0 0 0 U T C
,

5 Ju ly
,

n e a r b y Y ie ha n g
,

in the u p p e r r e a eh e s o f C ha n g iia n g

R iv e r V a lley
,

a n d th e r e a fte r it e n ha n e e d e o n t in u o u s ly a n d m o v e d e a s tw a r d
.

E v e n t u a lly
,

a he a v y r a in / flo o d p r o e e s s o e e u r r e d in the m id d le a n d lo w e r r e a eh e s o f C h a n g jia n g R iv e r

V a lle y o n 6
.

Ju ly
.

T he 2 4 ho u r p r e e ip it a t io n u p to 2 5 6 m m w a s o b s e r v e d a t H u a n g sh a n

s ta t io n a n d a d is a s t r o u s flo o d e v e n t ha p p e n e d a t H u a n g s ha n M o u n t a in r e g io n
.

2
,

F o

rm
a tio n a n d De

v elOP m e n t of M亡s
o s c a le H e a

妙 R a in a n d F lo o d 匀
st em

A s s ta t e d a b o v e
,

b e fo r e th e he a v y r a in p r o e e s s
,

a n u m b e r o f s yn o p tie w e a th e r sy s -

t em s w e r e fa v o u r a ble fo r the p r e e ip it a t io n o v e r E a s t A s ia
.

By the s a t ellit e im a g e s
,

a la r g e

a r e a o f lo w p r e s s u re a n d m ix e d typ e e lo u d elu s t e r s o fte n o e e u r r e d o v e r the T ib e ta n P la te a u

a n d S ie h u a n B a s in
,

w h ieh m e a n s th e r e em b e d e d a lo t o f s tr o n g e o n v e e t iv e sys t em s o v e r

t he s e a r e a s
.

T his w a s im p r e s s iv e d u r in g t h e w h o le p e r io d o f M e iy u s e a s o n o f th a t y e a r
.

B u t
,

o w in g t o t h e la e k o f o b s e r v a t io n a n d / o r b y the e o n v e n tio n a l syn o p t ie a n a lysis
,

it 15

im p o s s ible to u n d e r s ta n d th e s y s te m s in d e ta il o v e r the p la t e a u a n d th e r e a fte r w h a t ha p
-

p e n e d w h ile th e s e s y s te m s m o v e d o u ts id e o f the Pla t e a u
.

T he r e fo r e
,

w e in tr o d u e e d

H IR L A M w ith the r e a l d a t a th r o u g h 4 to 7
.

Ju ly 1 9 9 1 to sim u la te th e w e a the r p r o e e s s

o v e r rh e Pla t e a u a n d the le e 一 s id e b a s in
.

(1 ) F o

rm
a t

lon of
v o月ic e : ov

e r T ib e ta n P la te a u a n d S ic h u a n B a sin

T h e s im u la t io n sh o w s th a t th e r e a r e a lo t o f s m a ll v o r t ie e s o v e r th e T ib e t a n P la t e a u

a n d th e n e ig h bo r in g Y u n n a n 一
G u iz h o u Pla te a u : th e r e fo r e

,

the lo w le v e l flo w fie ld s a r e

r a th e r fr a g m e n t a r y
.

T h e s e v o r tie e s a r e m a in ly d u e t o s t r o n g s o la r r a d ia t io n in s u m m e r o n

the p la t e a u s
.

T h e s e a le s o f the m a r e u s u a lly u n d e r 1 0 0 k m
,

a n d 5 0 th ey a r e n o t e a sy to b e

d e te e te d b y syn o p tie a n a lys is
.

A s sh o w n in s e q u e n tia l te m p e r a t u r e p r o file s (fig u r e s ig n o r e d )
,

is o the r m s e le a r ly

e u r v e u p w a r d o v e r t he p la t e a u s a n d th e te m p e r a t u r e a t lo w e r la ye r o f p la te a u s 15 hig h e r

th a n th a t o f th e e o r r e s p o n d in g la ye r be s id e th e p la t e a u s
.

T h e s e v o r t ie e s in th e lo w e r la ye r

a r e w ith w a r m c e n t e r s
,

a n d 双 /助
a ls o sho w s v e r y r e m a r ka b le m o is t in s t a bility in th e lo w

-

e r la ye r
.

A n d a d iu r n a l v a r ia t io n 15 sh o w n in s e q u e n tia l p r o file s
.

A s D in g (1 9 9 4 ) p o in te d

o u t
,

a lo t o f v o r t ie e s o v e r th e p la t e a u s a r e m o s tly fo r m e d by th e in flu e n e e o f s o la r r a d ia
-

t io n : a n d / o r b y the u p lift in g o f the to p o g r a p h y
,

a n d m o s tly p r o d u e e d in the e e n tr a l a n d

w e s t p a r t s o f t he p la t e a u s o n ly fe w o f w hie h e a n m o v e o u t s id e o f the p la te a u s
.

In the s im
-

u la t io n (F ig
.

4 )
,

th e r e a r e a lo t o f v o rt ie e s w h ieh a r e e o r r e s p o n d in g t o t he t h ie k a n d m ix e d

t yp e e lu s te r s o f e lo u d
.

A s s ho w n in F ig s
,

3 d 一 3 e
,

the m a g n it u d e s o f d iv e r g e n e e a n d v e r t i
-

e a l v e lo e it y o v e r th e p la te a u s a r e in g r e a t e o n t r a s t w ith th a t in the S ieh u a n B a s in
.

T h a t a l
-

5 0 s ho w s th e r o le o f th e s p e e ifie u n d e r lyin g e o n d it io n s in m a in t a in in g the s e v o r t ie e s
.

W h e n

the s e v o r tie e s m o vin g o u t s id e o f th e p la t e a u s
,

o w in g t o th e 10 5 5 o f n e e e s s a r y u n d e r lyin g

e o n d it io n s v o r t ie ity w ill u s u a lly b e w e a k e n e d
.

T he y e a n e x is t u n le s s the y a r e d r iv e n b y

a n o the r s t r o n g e r s y s t e m o r m a in ta in e d a lo n g e r d u r a t io n a n d / o r e o m bin e d w ith o the r lo w

s y s t e m s o u t s id e o f the p la te a u s
.
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F ig
.

4
.

P o t e n t ia l h e ig h t a n d w in d fie ld o f 8 5 o hPa 1 2 o o U T C
,

5 Ju ly 1 9 9 1 (u n it : d a g pm )
.

T h e v o r t i e e s o v e r t he Si e hu a n B a s in
,

n a m e ly s o u thw e s t v o r t i e e s
,

a r e d iffe r e n t in

p r o p e r t y w it h fo r m e r o n e s
.

By t he s im u la tio n
,

t h e is o th e r m s a r e n o t e u r v e d u pw a r d o v e r

t he b a s i n
.

B e s id e s
,

t h e m a g n i t u d e s o f d iv e r g e n e e a n d v e r t i e a l v e lo e it y o v e r th e ba s in a r e

v e r y s im ila r to F ig s
.

3d a n d 3e
.

T ha t m e a n s t he fo r m a tio n o f v o r t i e e s o v e r th e b a s in 15 d if
-

fe r e n t fr o m t h a t o v e r t h e Pla t e a u s
.

V o r t i e e s o v e r t he b a s in a r e m a in ly d u e t o t he r o u n d flo w

o f t h e s o u t h e r n b r a n e h o f w e s t e r li e s
,

s u r fa e e fr i e t io n a n d t he le e
一 s id e tr o u g h o f o v e r flo w

.

K u o ( 1 9 8 6 ) ha s d e m o n s t r a t e d by th e n u m e r i e a l e x p e r im e n ts w it h o r w ith o u t Y u n n a n -

G u i z ho u Pla t e a u
r

b u t u n d e r t he in flu e n e e s o f r o u n d flo w
,

v o r t ie e s w ill b e fo r m e d o v e r t h e

b a s in
.

T he r e fo r e th e fo r m a t io n s o f v o r t ie e s o v e r T ib e t a n Pla t e a u a n d S ie h u a n B a s in a r e

d iffe r e n t
.

B u t w h e r e th e h e a v y r a in / flo o d s y s te m w ill d e v e lo p
,

a n d w h ie h s y s t e rn 15 o f

m o r e im p o r t a n e e a r e r a t h e r d iffi e u lt to b e d e e id e d by t he fo r e e a s t e r s
.

(2 ) F
o r , n a ti o n

,

d e v e loP m e n t a n d Pre c‘Pi ta t ion of m e : os c a le h e a 妙
r a i n a n d fl o o d 划s te m

I n t he in itia l s t a g e
,

0 0 0 0 U T C
,

4 Ju ly
,

t he 5 0 0 hPa h ig h le v e l t r o u g h s e p a r a t e d fr o m

th e L a k e B a lkh a s h 15 m o v in g s o u t h w a r d t o t he p la t e a u
.

A n d th e fr o n t o f t h e tr o u g h d r iv e s

a p la t e a u v o r t e x m o v in g e a s tw a r d
.

A t 0 0 0 0 U T C
,

5
,

Ju ly
,

t his t r o u g h m o v e s o u t o f t he

p la t e a u a n d t he v o r t e x e o m b in e s w it h t he lo w le v e l v o r t e x o f t h e S i e h u a n B a s in
.

B y t he

e o m p a r is o n o f r e la t iv e v o r t ie it i e s o f t h e v o r t e x e s b e fo r e a n d a ft e r m o v in g o u t s id e o f t h e

p la t e a u ( fig ”r e s ig n o r e d )
,

o w in g to t he 10 5 5 o f o r ig in al u n d e r ly in g e o n d i t io n s o f t he

p la t e a u
,

t h e m a g n it u d e w e a k e n s e le a r ly
.

In th e m e a n w h ile
,

a h ig h le v e l tr o u g h m o v e s in t o

t he b a s in a n d e o m b in e s w i t h th e s o u t h e r n b r a n e h m o n s o o n t ro u g h
,

a n d t h e n
,

a lo w le v e l

v o r t e x o v e r t he b a s in d e v e lo p s a n d it s r a n g e 15 d o u b le d
.

M o r e o v e r
,

w he n hig h le v e l t r o u g h

s u p e r im p o s e s w i t h t h e s o u t he r n b r a n e h m o n s o o n t r o u g h
,

t h e w a r m a d v e e tio n in fr o n t o f

t he h ig h le v e l t r o u g h h a s t r ig g e r e d a n d s t r e n g t h e n e d t he lo w le v e l s o u t h w e s t je t in fr o n t o f

t he s o u t he r n b r a n e h t r o u g h
.

A s o u th e r ly flo w 15 fo r m e d
,

s o u t h o f 3 0
0

N
,

b e t w e e n

9 0 一 1 I O
o

E
,

o n 8 5 0 hPa
,

w hi e h m a k e s t h e lo w le v e l ie t e n ha n e e d
.

In t he s am e t im e
,

t o t h e
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.

1 0

n o r th o f 3 0
0

N
,

a w e a k e a s t e r ly o e e u r r e d
.

A sh e a r z o n e b e tw e e n the s o u the r lie s a n d th e

e a s t e r lie s
,

the r e fo r e
,

r e s u lts in a n id e a l e o n v e r g e n t a r e a
,

Y ieh a n g 15 s it u a te d in the e e n t r a l

p a r t o f th is e o n v e r g e n e e
.

A s sh o w n in p r o file s (Fig s
.

3a 一 3e ) th r o u g h th e e e n t r e a v e r y

s t r o n g lo w le v el je r 15 sho w n in Fig
.

3a a t the s o u the r n s id e o f D a ba M o u n t a in
,

a t 0 0 0 0

U T C
,

5
,

Ju ly
.

T h e m a g n it u d e o f th e e e n t r e 15 u p t o Z O m / 5
.

T h e m a in v a p o u r be lt 15 s it u
-

a t e d a t th e le ft s id e o f lo w le v e l je t o u t s id e o f th e b a s in
.

T he rn o is t in s ta b ility P r o file

e u r v e d (截 /助 > 0 Fig
.

3 e) a ls o sh o w s th a t lo w le v e l thie k m o is t in s ta b le la y e r 15 lo e a t e d

n e a r by the lo w le v e l ie t b u t n o t in th e b a s in e e n t r e
.

T he r e fo r e
,

w h e n w e s t e r lie s t r o u g h

m o v e s in
,

it tr ig g e r s the d e v e lo p m e n t o f in s ta b ility
.

M o r e o v e r
,

d u e to the u p lift in g o f D a -

b a M o u n t a in in Fig s
.

3d a n d 3 e a q u ite s t r o n g e e n t r e o f e o n v e r g e n e e a n d v e r tie a l m o t io n

b e g in s t o fo r m a t the w in d w a r d sid e o f D a b a M o u n t a in
.

A n d th e n
,

in the s e a le v e l m a p

(o m it te d )
,

a n in d u e e d n e w e lo s e d m e s o s e a le v o r t e x 15 sho w n in Y ie ha n g a r e a
,

a t 0 0 0 0

U T C S
,

Ju ly
,

w ith a h o r iz o n t a l s e a le o f o n ly 1 0 0 k m
,

w h ie h 15 e v e n n o t e lo s e d o n 8 5 0

hPa le v el
.

B y Fig s
.

3 d a n d 3 e
,

it e a n b e s e e n th a t e o n v e r g e n e e 15 o n ly u p t o 8 5 0 hPa a n d

th e n b e e o m e d iv e r g e n e e a t 7 0 0 hPa
.

T he m a x im u m v e r t ie a l m o t io n o n ly o e e u r s b e tw e e n

8 5 0 一 7 0 0 h Pa
,

w h ie h m e a n s tha t the e o n v e r g e n e e 15 r a t he r t h in a n d s ha llo w
.

Pr e e ip it a t io n

s t r e n g the n s in Y ie ha n g d is tr ie t w ith th e o e e u r r e ri e e o f v o r t e x a n d he n e e la r g e e n e r g y 15

g a in e d fr o m th e r e le a s e o f la t e n t he a t
.

A h e a v y r a in / flo o d s y s t e m 15 fo r m e d a ri d a e lo s e d

sy s t em e a n b e s e e n a t 8 5 0 hP a 1 2 h o u r s la t e r (Fig
.

4 )
.

It s h o r iz o n t a l s e a le sh o w n o n 8 5 0

hP a 15 o n ly o f 1 0 0 一2 0 0 k m
.

3
.

Mo
v e m e n t of Me

s o s c a ze 万 e a
妙 尺a in / 尸Z

o o J Sy
st em

It e a n be s e e n in the w in d fie ld (F ig
.

4 ) tha t M e iyu fr o n t b e e o m e s a lo n g w in d sh e a r

lin e w ith th e a p p e a r a n e e o f h ig h le v el t r o u g h
.

It 15 a b o u t s e v e r al th o u s a n d k ilo m e te r s lo n g
,

fr o m l0 0
0

E to 12 0
o

E
,

a lo n g 3 0
0

N
,

a n d the m e s o s e ale h e a v y r a in / flo o d s ys te m o e e u r r e d
.

F r o m th e r ela t iv e v o r tie it y fie ld o n 8 5 0 hP a (Fig
.

5 )
,

the r e 15 a n e a s t
一

w e s tw a r d
z o n e o f

3 0
.

N

2 0

80 9 0

F ig
.

5
.

8 5 0 hPa r e la tiv e v o r tie it y
,

1 0 0 1 IO o

E

1 8 0 0 U T C 5 Ju ly
,

1 9 9 1
.
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0
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汀臀
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o

E

F ig
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.

2 4 h o u r r a in fa ll 6
,

Ju ly
,

1 9 9 1 : (a ) r e a l: (b ) s im u la te d
.

p o s it iv e v o r t ie ity
.

T he fo r m e r s he a r z o n e in w h ieh th e he a v y r a in / flo o d s y s t e m w a s fo r m e d

s t r e te he s e a s tw a r d w ith th e e a s tw a r d m o v in g o f h ig h le v e l t r o u g h
.

T he a r e a 15 e o n t in u o u s -

ly e n la r g e d
,

bu r 15 a lw a y s e o n s is te n t w ith the s he a r lin e
.

T ha t m e a n s
,

th e s u e e e s siv e

M e iy u he a v y r a in s w ith th e m e s o s e a le sy s t em s e o n tin u o u s ly re g a in th e e n e r g y fr o m t he

la r g e s e a le w e a the r sys t em s
,

e s p e e ia lly w he r e M e iyu fr o n t o e e u r r e d in the s u m m e r o f

C h a n g jia n g R iv e r V a lle y
.

T he w in d sh e a r Iin e a n d the p o sit iv e v o r t ie ity z o n e e a n b e u t i
-

1iz e d to e s t im a te th e M e iy u fr o n t
夕

p r a e t ie ally u n d e r 7 0 0 hPa w h ie h 15 r a the r d iffie u lt to d e -

fin e in s u m m e r
.

C o m p a r is o n o f s im u la t io n p r e e ip it a t io n w ith th e r e al d a ta 15 sh o w n in F ig
.

6 ; the m a in
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Pr e e ip it a t io n a r e a s a r e q u it e e o n e o r d a n t ; a n d s o m e h e a v y r a in e e n te r s a r e a ls o s im ila r
.

A lth o u g h th e s im u la t e d r a in fa ll in H u a n g s ha n M o u n ta in r e g io n d o e s n o t r e a e h the o b
-

s e r v e d v a lu e
,

a n e x tr a 一

h e a vy r a in fa ll o v e r 1 0 0 m m 15 o b t a in e d
.

V
.

C O N C L U S IO N

B y in t r o d u e in g m o d ifie d H IR L A M
,

a v a r ie t y o f w e a the r s y s t e m s o v e r th e T ib e t a n

Pla t e a u a n d C h a n g jia n g
一

H u a ih e R iv e r s V a lley e a n b e s im u la t e d in d e t a il
.

A n d b y th e s im u -

la tio n the v o r t ie e s o v e r the Pla t e a u s a r e d iffe r e n t fr o m th o s e o v e r th e S ie h u a n B a s in
.

A

n e w ly in d u e e d m e s o s e a le v o r t e x fo r m s n e a r by Y ieh a n g
,

a n d r e v e a ls t he in flu e n e e s o f the

lo w le v e l je t
.

h ig h le v e l tr o u g h in w e s t e r lie s
,

a n d v o r t ie e s o v e r the S ie h u a n B a s in o n t he

in d u e e d v o r t e x
.

In th e in it ia l s t a g e
,

the ho r iz o n ta l a n d v e r t ie a l s e a le o f v o r t e x 15 q u ite

s m a ll
,

a n d it b e e o m e s a h e a v y r a in / flo o d s ys t e m 2 4 h o u r s la te r
.

W h e n 、
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r io u s w e a th e r

s y s te m s o e e u r r e d in th e p la t e a u a n d in lt s e a s te r n r e g io n
,

it 15 d iffie u lt to d e fin e th e a e e u -

r a t e o e e u r r e n e e o f th is n ew ly fo r m e d m e s o s e a le s y s t e rn b y e o n v e n tio n a l sy n o p tie a n a lys is o r

n u m e r ie a l P r e d ie t io n
.

T h e r e fo r e
,

it 15 b e n e fie ia l to im p r o v e th e P r e d ie t io n o f tim e a n d lo e a -

tio n o f h e a v y r a in
,

if the d e v e lo p m e n t a n d m o v e tn e n t o f n e w ly fo
r
m e d m e s o s e a le

s y s te m

e a n b e d e t e e te d e a r lie r
.

T he h ig h r e s o lu t io n in r e v e a lin g tw o kin d s o f v o r t ie e s o v e r th e

p la t e a u a n d the b a s in a ls o he lp s u s t o u n d e r s ta n d th e fo r m a t io n
.

d e v elo Pm e n t o f the h e a v y

r a in s fu r th e r
.

T h is w o r k 15 a P r elim in a r y s tu d y
,

a n d m o r e e a s e 一s t u d y a n d d e t a il r e s e a r eh o f he a v y

r a in s a r e n e e d e d
.
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