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M

e te o r o lo g ie a lC e n te r

Be ijin g 1 0 0 0 8 1

R e e e iv e d M
a r e h 6

,

2 0 0 1

A BS T R A C T

In th is p a p e r
,

T O V S sa t e llit e d a ta a r e u s e d th r o u g h v a r ia tio n a l m e t ho d o n th e d a ta 一s p a r se

pla te a u a r e a
.

D ia g n o s e s a r e e a r rie d o u t t o fin d a w a y t o s o lv e t he la r g e e r r o r p r o b le m o f m o d e l

in itia l fie ld
.

It 15 P u t fo r w a rd th a t T O V S r e tr ie v a l d a ta ea n be u s e d to im Pr o v e t he in itia l fie ld o f

n u m e r ie a l p r e d ie t io n m o d e l o n T ib e t a n P la te a u a r e a
.

T h r o u g h v a r ia tio n a l m e th o d T O V S d a t a a re

p r o e e s se d a n d th e lia b ility o f th e in itia l in fo rm a tio 一1 o n the pla t e a u 15 im p r o v e d
.

D ia g n o s tie r es u lts

e o n firm fu r th e r th a t th e a p p lie a t io n o f T O V S r e tr ie v a l d a ta e a n im p r o v e o u r e a p a b ility to d e s e r ibe

t he d yn a m ie s y s te m fe a t u r e s o n th e p la te a u a n d the o bi
e e tiv ity o f r e la te d in , tia l in fo r m a t io n s u e h a s

t he d is t r ib u tio n o f w a te r v a Po r e ha n n e l a n d s t r a t ifie a tio n s t a b ility
.

K e y w o r d s : T O V S r e t r ie v a l d a t a
,

v a ria t io n a l m e th o d
,

T ib e t a n Pla te a u

1
.

IN T R O D U C T IO N

T he T ib e t a n P la t e a u ha s a n a v e r a g e d a lt it u d e ab o v e th e s e a le v e l o f a b o u t 4 5 0 0 m
,

w ith a n a r e a o f m o r e tha n 2 0 0 0 0 0 0 km
2

.

It 15 th e h ig h e s t
,

la r g e s t p la t e a u w ith th e m o s t

e o m p le x t e r r a in
.

W ith th e e s t a blish m e n t o f m e t e o r o lo g ie a l o b s e r v in g n e t访 o r k in p la te a u

a r e a a n d th e d e v e lo p m e n t o f m e t e o r o lo g ie a l o p e r a t io n a n d a p p lie a t io n s t u d ie s
,

the w e a the r

a n a lys e s a n d n u m e r ie a l p r e d ie t io n a r e p r o m o te d g r e a t ly
.

H o w e v e r d ia g n o s in g the w e a the r

a n d elim a t e o n p la t e a u a r e a m e e ts lo t s o f p r o b le m s d iffie u lt to g e t o v e r
.

o n e o f w hieh 15

d a t a P r o b le m
,

T his 15 a ls o the m o s t d iffie u lt Pr o ble m fo r n u m e r ie a l m o d e l a PPlie d o n the

T ib e t a n P la丈e a u
.

T h e o b s e r v in g s ta t io n s a r e v e r y fe w o n th e p la te a u
.

In th e 1 2 5

r a d io s o n d e s t a tio n s is s u e d b y C h in a M e t e o r o lo g ie a l A d m in is t r a t io n in S e p t e m b e r 19 90
.

th e r e a r e o n ly 4 s ta t io n s in T ibe t in elu d in g N a g q u
,

L h a s a
,

T in g r i a n d Q a m d o
.

F u r the r m o r e
,

th e s e 4 s t a t io n s a r e a ll lo e a te d in th e s o u th e a s t p a r t o f T ib e t
.

T he r e a r e n o

r a d io s o n d e s ta tio n s in m id
一

w e s t T ib e ta n Pla t e a u
.

T h u S
,

a n y o b ie e t iv e a n a ly s is m e tho d

d o e s n o t w o r k w e ll fo r this a r e a
.

Ch e n a n d Q ia n (1 9 9 5 ) fo u n d tha t s ig n ifie a n t e r r o r s e x is t

S u p p o r te d b y th e N a tio n a l K e y P r o
i
e e t B

一 ‘

O bs e r v a tio n a n d T he o r e tie a l S t u d y o f th e P hy s iea l

P r o ee s s o f th e T ibe t a n Pla te a u L a n d
一

A ir In t e r a e tio n a n d It s Im p a e t o n t h e G lo b a l C lim a t e a n d Se v e r e

W
e a th e r in C h in a

. ’
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,
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,
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in the w e s t e r n a r e a in th e w in d a n d r e la t iv e h u m id ity fie ld o f FG G E o bt a in e d in 1 9 7 9
.

E s p e e ia lly th e r ela t iv e h u m id ity a t v a r io u s le v e ls 15 a Pp a r e n tly h ig h
.

T o o v e r e o m e th e d a ta
-

s p a r s e p r o ble m in w e s t e r n p la t e a u
,

b a s e d o n the s t a tis tie s o n the te m p o r a l a n d s p a t ia l

e o r r ela t io n o f d a t a o bt a in e d fr o m the t e m p o r a r y s t a t io n s th e d a t a o b t a in e d fr o m the

m id d le p la te a u a r e u s e d t o fit w e s te r n d a ta a n d th e n a d o p t ed in o bje e tiv e a n a lys e s
,

o r the

p r e v io u s d a t a a r e u s e d to fit la te r d a t a t o e o m p e n s a te d a t a la ek o n T ib e ta n Pla t e a u a r e a
.

In

the m e a n tim e
,

s a te llit e d a t a a r e a ls o e o n s id e r e d
.

A s a re s u lt
,

t he in it ia l r e la t iv e h u m id ity

fie ld o n the P la te a u 15 im p r o v e d p a r tia lly w ith the fo r e e a s t r e s u lt im p r o v e d
.

A lth o u g h the r e t r ie v e d r e m o t e s e n s in g d a t a a r e n o t e o m p le t e ly the s a m e a s the

e e n v e n t io n a l d a ta
,

a d d in g s o m e o f th is k in d o f d a t a in t o t h e e o n v e n t io n a l d a t a e a n a ft e r a ll

c a p t u r e s o m e in fo r m a tio n o f m e s o s e a le e ir e u la t io n
.

By th is w a y
,

Z h a n g a n d M ie ha e l

(1 9 8 6 ) d id s u e e e e d in s im u la tin g th e Jo h n s to w n flo o d in 1 9 7 7
.

T h e a p p lie a t io n o f T O V S

(th e A m e r ie a n T IR O S
一

N s e r ie s o p e r a tio n a l s a t e llite v e r t ie a l m o n ito r ) d a ta e a n s o lv e the

d a t a
一 s p a r s e p r o ble m to a e e r ta in d e g r e e

,

A s fo r e e a s t b y B e n g t s s o n (s e e
W

a n g 1 9 9 5 )
,

n o

m a t te r fr o m t h e a s Pe e t o f Pr a e t ie e o r e e o n o m y
.

it 15 n o t e a s y t o P r o v id e d a ta t ha t e a n e o v e r

he m is p h e r e o r the w h o le g lo b e by e o n v e n t io n a l w a y
.

C o n s e q u e n t ly
,

s a t e llite m o n it o r in g

w ill g r a d u a lly b e e o m e th e m a in p a r t o f g lo b a l o b s e r v in g s y s t e m
.

H o w e v e r in r e e e n t

p ra e tie e
,

the n e g a t iv e e ffe e t o f th e s a t e llite r e t r ie v al te m p e r a t u r e o n th e o p e r a t io n a l

n u m e r ie a l w e a t he r P r e d ie t io n in N o r the r n H em is p h e r e 15 d iffie u lt t o e lim in a t e
.

T ha t 15

be e o u s e t ha t th e r e 15 r a th e r g o o d e o n v e n t io n a l o b s e r v in g n e tw o r k
,

w h ie h e a n p r o v id e hig h

q u a lit y in it ia l fie ld s fo r n u m e r ie a l w e a th e r p r e d ie tio n
.

T he fo r e e a s t a e e u r a ey h a s be e n

r a th e r h ig h (t h e t e m p e r a t u r e e r r o r fo r the fr e e a ir u n d e r 1 5 0 hPa 15 le s s tha n Z
“

C )
.

T he

s a te llit e r e t r ie v al d a t a w it h lo w e r a e e u r a ey m a y p la y a n e g a tiv e r o le in d a t a a s s im ila t io n

p r o e e s s
.

T hin g s a r e d iffe r e n t fo r th e p la t e a u a r e a
,

w h e r e th e s ta t io n s a r e v e r y s p a r s e w ith

few d a t a o b ta in e d
.

T h is P r o ble m le a d s t o the b a d o bje e t iv it y o f o bje e t iv e a n a lys is
.

E s p e e ia lly in w e s t e r n a r e a
,

t h e d is t a n e e b e tw e e n th e s ta t io n s 15 a b o u t s e v e r a l th o u s a n d

k ilo m e te r s
.

T he r e s o lu t io n 15 v e r y lo w
.

G r e a t d iffie u lt y e x is t s in the o bie e tiv e a n a ly s e s

the r e
.

Fo r th e in it ia l fie ld o f n u m e r ie a l m o d el
,

o n ly FG G E d a ta a r e u s e d
,

e v e n w hie h s t ill

ha v e the p r o b le m 。f la r g e 。r r o r a n d le s , 。b je e t iv ity
.

xn r e e e n t y e a r
g

,

w ith th e a e v e一o p m e n t

o f s a t e llit e o p e r a t io n
,

T O V S d a ta a r e h a v in g h ig h ho r iz o n t al
,

v e r t ie a l a n d t e m p o r a l

re s o lu t io n o n p la t e a u a r e a
.

T he r e tr ie v in g p o in ts o n p la te a u a r e v e r y d e n s e
.

T hu s
,

T O V S

r e t r ie v a l d a t a w ill p la y a n im p o r t a n t r o le in th e n u m e r ie al w e a th e r p r e d ie t io n o n p la t e a u

a l e a
。

T he a p p lie a t io n o f T O V S r e t r ie v a l d a t a g r e a tly in e r e a s e s the s p a t ial d e n s ity o f d a t a o n

Pla te a u a r e a
.

T h r o u g h the e o r r e e t io n w ith v a r ia t io n a l m e tho d th e a e e u r a e y o f T O V S r e tr ie v a l d a t a

15 im P r o v e d a ls o
.

It 15 e o n fir m e d fu r th e r th a t the a p Plie a t io n o f T O V S r e t r ie v al d a t a e a n

im Pr o v e o u r e a Pa b ilit y to d e s e r ib e the dy n am ie sy s t em fe a t u r e s o n th e Pla te a u a n d th e

o bie e t iv ity o f r e la t e d in it ia l in fo r m a t io n s u e h a s the d is t r ib u t io n o f w a te r va Po r e h a n n e l a n d

s t r a t ifie a t io n s ta b ilit y
.
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PR IN C IPL E OF V A R IA T IO N A L T EC H N IQ U E

A e e o r d in g t o th e v a r ia tio n a l p r in e ip le
,

th e o b je e t iv e fu n e t io n d e p e n d in g m u lt卜

v a r ia ble s h a s the fo llo w in g fo r m
:

了[ u (x
,
y )〕

阿 _ {
, ,

口U 口U )
,

一
雌

户
(
‘

’
夕

’

。
’

石
’

石 {
“x d 夕

’

(1 )

onto

w he r e U (x
,
夕) m u s t s a t isfy th e fo llo w in g E u le r e q u a t io n :

_ { 刁 _
.

口 _ )
户 u 一 } 又尸一户 u 二

十 万一户 u 、

}一 U.
、口 x d y

一

J
(2 )

T h e e m Plo ye d v a r ia tio n a l m e th o d 15 the t e eh n iq u e u s e d b y X u e t a l
.

(1 9 9 6 ) a S S e SS

th e p r e e ip ita t io n b y e o m bin a tio n o f s a t e llit e w ith r a d a r d a t a in th e s t u d y o f t yp h o o n a n d

h e a v y r a in d is a s tr o u s w e a the r m o n it o r in g a n d fo r e e a s t in g t e e h n iq u e s
,

w h ieh 15 a n a t io n al

k e y Pr o ie e t in the sth N a t io n a lF iv e 一

Y e a r P la n
.

L e t 全
’

(x
,

夕) b e th e e le m e n t fie ld o f th e T O v s : e tr ie v a l d a t a
,

the : e le v a n t : a d io s o n ae

o b s e r v a t io n fie ld 15 R a (I
,

J )
,

the d iffe r e n e e field b e tw e e n a b o v e tw o ty Pe s o f d a t a a t the

r a d io s o n d e o b s e r v a tio n e o o r d in a t e (I
,

J )
,

n a m e ly the e r r o r file d 15 r e p r e s e n t e d by

C r (I
,

J少
:

亡: (I
,

了) = 尺a (了
,

了) 一 了
“

(了
,

了)
.

(3 )

In fa e t
,

s in e e 一he n u m b e r o f t h e r a d io s o n d e s ta t io n s (I
,

J ) 15 lim it e d
,

it 15 n e e e s s a r y to

e o n s t r u e t a m o r e g e n e r a l e o r r e e t io n fa e t o r fie ld fu n e t io n C r (x 夕 )
.

W ith v a r ia t io n al

m e tho d
,

the fo llo w in g e o n d itio n s h a v e t o b e s a t is fie d t o g e t a C r (x
,

夕 ) fu n e t io n :

了
’

一

{i
(C一 亡· ,

Z
d工d ,

一
‘一 (4 )

n a m ely 习艺 (e
二
一乙 )

2 r e a e he , : h。 m in im u m 、a lu e
.

Fo r

fu n e t io n

a b o v e v a r ia t io n a l p ro ble m
,

it e a n b e ta k e n a s e o n s t r u e t in g th e fo llo w in g o b ie e tive

J
.

:

一 {f}(e
: 一 。r )

2
+ *

}(孕 )
2

+ {孕 {
2

]{
d x d , 一 。

,

J J 、 、 、 o 工 , \ o y , J 夕

(5)

w he r e 几 15 the e o n s t r a in t e o effie ie n t
.

F o r m u la (5 ) e a n b e r e w r itt e n a s

、一
。又 又「(c

: 一 cr)
2
十 *
「}孕{

2

+( 单{
2

] ]一
。

.

一 一

“
、 口 X / 、 口 y / J 司

(6)

T he e o r r e s p o n d in g E u le r e q u a t io n

(C r 一 亡: )一

w h e r e 又 15 t he d e fo r m a t io n e o n s t r a in t

lS

、,产e月了‘U了.
、

2
C r

a x Z

日 2 C r )
十 气丁不厂 }一 O

,

J y
一 /

J一
r

了

!�又

e o e ffie ie n t
.

T h e s o lu t io n o f t h is e q u a t io n e a n

o b t a in e d t hr o u g h it e r a t io n m e t ho d
.

e a n b e o b t a in e d
.

F in a lly t he T O V S

T ( x
, y )

T h e n a n e w v a r ia tio n a l e o r r e e t io n fa e t o r fi e ld Cr (x
,

夕)

r e t r i e v al e le m e n t fi e ld a ft e r v a r ia t io n a l e o r r e e t io n 15

一 了
‘

( x
,

夕) + e r ( x
,

夕 )
.

( s)

111
.

T H E V A R I A T ION A L C O R R EC T IO N E FFE C T O F T O V S D A T A O N PL A T E A U A R E A

T o v e r ify th e fe a s ib ilit y o f T O V S r e tr i e v a l d a t a e o r r e e t io n t h r o u g h v a r ia t io n al

m e t ho d
,

e x Pe r im e n t s a r e e a r r i e d o u t w it h e o n v e n t io n a l d a t a a n d T O V S r e t r ie v a l d a ta
,

e h o o s in g N a g q u a n d Lh a s a a s t h e e x p e r im e n t t a r g e t s
.

N a m e ly
,

t h e s e t w o s t a t io n s a r e n o t
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u s e d a s the in fo r m a t io n S o u r e e S in th e o bie e t iv e a n a lys is Pr o e e s S
.

T h e e x P e r im e n t s e he m e s

‘l ) C r e s s m a n a n a ly sis s e h e m e
.

R e ie e t the r a d io s o n d e d a ta o f L ha s a a n d N a g q u a n d

a n a ly z e o the r r a d io s o n d e d a t a to th e s e tw o s t a t io n s t o g iv e the C r e s s m a n a n a lys is v a lu e :

(2 ) T O V S a n a lys is s e h e m e
.

A n a ly z e T O V S r e t r ie v a l d a t a w ith C r e s sm a n a n a lys is m e th o d

t o t he tw o s t a t io n s t o g iv e T O V S a n a ly s is v a lu e : (3 ) C
一

T O V S a n a lys is s e he m e
.

R eie e t th e

r a d io s o n d e d a ta a t L h a s a a n d N a g q u o the r r a d io s o n d e d a ta a r e u s e d t o e o r r e e t T O V S d a t a

t hr o u g h v a r ia tio n a l m e t ho d
,

a n d a n a ly z e t h e e o r r e e te d T O V S d a ta t o th e tw o s t a t io n s w ith

C r e s sm a n a n a lys is m e tho d to g iv e the e o r r e e t e d T O V S v a lu e
.

T he v a r ia t io n al e o r r e e t e d

r e s u lts o f the t e m p e r a t u r e a n d ho r iz o n ta l v e lo e it y a t N a g q u a n d Lh a s a fr o m 0 8 0 0 B T 6 Ju ly

t o 0 8 0 0 BT 7 Ju ly 1 9 9 5 a r e lis t e d in T a b le s l一 6
.

Ta ble l
,

E ffe et o f th e V a r ia tio n a l Co r r e e te d T O V S D a t a a t N a g q u a t 0 8 0 0 BT 6 Ju ly 1 9 9 5

5 0 0 hP a 4 0 0 hPa 3 0 0 hP a 2 5 0 hPa 2 0 0 hP a 1 5 0 hPa 1 0 0 hPa

S o u n d in g

C r e s s m a n

一 2
.

2 一 1 2
.

3 一 2 5
.

8 一 3 5
.

0 一 4 8
.

7 一 6 0
.

9 一 7 0
.
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.

2 一 2 8
.
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.
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.

6 一 5 7
.

3 一 6 6
.

6

T e m p e r a t u r e

T O V S 一 0
.

1 一 1 1
.

8 一 2 8
,

8 一 3 7
,

l 一 4 8
.

5 一 5 8
.

7 一 6 7
.
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C
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.

5 一 1 1
.
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.
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.

5 一 4 7
.
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.
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.
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.
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T a b le 2
. E ffe e t o f th e V a r ia t i o n a l C o r r e e t e d T O V S D a t a a t L h a s a a t 0 8 0 0 BT 6 Ju ly 1 9 9 5

5 0 0 hP a 4 0 0 hPa 3 0 0 hP a 2 5 0 hPa 2 0 0 hP a 1 5 0 hPa 1 0 0 hPa
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.
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.
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.
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.

5 一 6 0
.

0 一 7 5
.
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0 一 1 2
.

4 一 2 8
.
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.
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.

0 一 5 8
.
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.
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T e m P e r a t u r e

T O V S 一 1 1
.

1 一 2 6
.

9 一 3 6
.

1 一 4 8
.

6 一 6 0
.

0 一 7 2 5

C 一T O V S 一 1 0
.
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,
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.
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.
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.
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T a ble 3 E ffe e t o f t he V a r ia t io n a lC o r re e te d T O V S Da
ta a t N a g q u a t 2 0 0 0 B T 6 J

u ly 19 9 5

5 0 0 hP a 4 0 0 hPa 3 0 0 hP a 2 5 0 hPa 2 0 0 hPa 1 5 0 hP a 1 0 0 hPa

So u n din g

C r e s s m a n

6 一 1 0
.

8 一 2 4
.

5 一 3 3
.

5

一 2
.

0 一 1 3
.

6 一 2 5
.

7 一 3 3
.

8 一 4 3
.

5 一 5 6
.

9 一 7 0
.

3

T e m Pe r a tu r e

T O V S 3
.

6 一 1 1
.

1 一 2 6
.

4 一 3 5
.

4 一 4 5
.

8 一 5 7
.

8 一 7 1
.

4

C
一

T O V S 2
.

0 一 9
.

9 一 2 5
.

2 一 3 3
.

5 一 4 6
.

9 一 6 0
.

4 一 7 3
.
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0 1 8
.
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.
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1 8
.
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.

1 2 0 14
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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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.

9
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.
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T a ble 4
.
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So u n己in g

Cr e s s m a n

2 一 1 0
.

1 一 2 3
.

1 一 3 3
.

9 一 4 5
.

9 一 6 0
.

7 一 7 5
.
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一 0
.

7 一 1 1
.

2 一 2 5
.

3 一 3 2
.

0 一 4 7
.

2 一 6 2. 一 7 3
.
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T e m Pe r a tu r e

T O V S 4
.

0 一 1 0
.

0 一 2 5
.

5 一 3 5
.

7 一 47
.

9 一 6 1
.

4 一 7 3
.

0

C
一

T O V S 2
.

5 一 9
.
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.

6 一 3 2
.

9 一 4 6
.

4 一 6 1
.

0 一 7 3
.
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.
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.

0
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.
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.

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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.

3
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.
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.

0 1 3
.
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T a ble s E ffe e t o f t he V a r ia tio n a lC o r r e e te d T O V S Da
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5 0 0 hP a 4 0 0 hPa 3 0 0 hP a 2 5 0 hPa 2 0 0 hPa 1 5 0 hP a 1 0 0 hPa
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.

1 一 1 3
.

2 一 2 7
.

7 一 3 6
.

3 一 4 5
.
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.

0 一 7 0
.
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T e m Pe r a t u r e

T O V S 一 1 1
.

7 一 2 8
.

1 一 3 6
.

7 一 4 8
.

4 一 6 0
.

6 一 7 4
.
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C
一

T O V S 一 1
.

9 一 1 1
.

9 一 2 7
.

1 一 3 5
.

4 一 4 7
.

1 一 5 9
.
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.
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.
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.
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.
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.
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,

B A I J细 gy
“ a n d D O N G Ch

a o h u a
3 6 7

T a b le 6
.

E ffe e t o f th e V a ria tio n a lC o r r e et e d T O V S D a ta a t L ha sa a t 0 8 0 0 B T 7 Ju ly 1 9 9 5

5 0 0 hP a 4 0 0 hPa 3 0 0 hP a 2 5 0 hPa 2 0 0 hPa 1 5 0 hPa 1 0 0 hPa

S o u n d in g

C r e ss m a n

一 1
.

7

一 2
.

5

一 1 0
.

1 一 2 4
.

1 一 3 2
.

2 一 4 3
.

9 一 5 6
.

7 一 7 0
.

0

一 1 2
.

3 一 2 6
.

5 一 3 5
.

6 一 4 6
.

5 一 58
.

0 一 7 1
.

2

T e m P e r a tu r e

T O V S 0
.

8 一 1 0
.

6 一 2 6
.

8 一 3 5
.

2 一 4 7
.

2 一 6 0
.

2 一 7 4
.

7

C
一

T O V S 一 1
.

4 一 1 0
.

1 一 2 4
,

4 一 3 2
.

2 一 4 4
.

2 一 5 7
.

5 一 7 1
.

2

So u n din g

C r e s s m a n

2
.

0 5
.

0 8
.

0 1 6
.

0

1 5
.

6

1 5
.

0 1 0
,

0

8
.
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v e lo e ity

2
.

6 4
.

0 1 0
.

7

1 1
.

9

20
.

2

T O V S 5
.

2 6
.

2

C
一

T O V S 2
.

8 4
.

4 7
.

8

1 5
.

9

1 3
.

2

1 9
.

5

1 5
.

7

2 1
.

8

2 0
.

2

2 1
.

8

2
.

7

F r o m T a ble s l 一 6
,

w e e a n s e e th a t C r e s s m a n a n a lys 止5 e a n g e n e r a lly e a p t u r e

eh a r a e te r is t ie s o f v a r io u s e le m e n ts o n the T ib e t a n P la te a u
.

T he e r r o r o f T O V S a n a lys e s 15

la r g e r fo r the fo llo w in g tw o r e a s o n s
.

F ir s tly
,

e o m p a r e d to th e t im e o f r a d io s o n d e

o b s e r v a t io n
,

th e t im e o f T O V S r e t r ie v a l d a t a 15 a p e r io d o f t im e
,

w h ie h m a y b e a s o u r e e o f

sy s t e m e r r o r
.

Se e o n dly
,

the r e 15 e r r o r in th e T O V S d a t a it s e lf ; C o m p a r e d to a b o v e tw o

kin d s o f a n a lys is d a t a
,

C
一

T O V S a n a ly sis 15 e lo s e r t o r a d io s o n d e o b s e r v a t io n
.

T h e

d iffe r e n e e s b e tw e e n the r a d io s o n d e o b s e r v a t io n a n d the T O V S a s w e ll a s C
一

T O V S a n a ly sis

d a t a a t 0 8 0 0 B T 7 Ju ly 1 9 9 5 a r e sh o w n in F ig
.

1
.

A bo v e a n a lys e s a n d e o m p a r is o n s sh o w th a t C r e s s m a n a n aly sis m e tho d e a n b e u s e d in

th e p la te a u a r e a
.

B e sid e s
,

the T O V S d a ta e o r r e e t e d by v a r ia t io n al m e th o d (1
.

e
.

C
一

T O V S ) 15 m u eh e lo s e r t o th e r e a l d a t a th a n th a t w ith o u t e o r r e e t io n
.

T he e ffe e t o f

v a r ia t io n a l e o r r e e t io n 15 v e r y s ig n ifie a n t
.

IV
.

N U M E R ICA L E X PE R IM E N T S O N R A INFA L L

W ith T 6 3 a n a lys is d a ta
,

r a d io s o n d e d a ta a n d T O V S r e t r ie v a l d a t a
,

MM S m o d e l 15

e m Plo ye d to e a r r y o u t 2 4 h e o m p a r is o n e x p e r im e n ts w ith 0 8 0 0 BT 5 Ju ly 1 9 9 5 a n d 6 Ju ly

1 9 9 5 a s th e in it ia l t im e s
.

In e x Pe r im e n t R AO B
,

s im u la tio n 15 e a r r ie d o u t w ith T 6 3 a n d

r a d io s o n d e d a t a a s th e in itia l d a t a
.

In e x Pe r im e n t C
一

T O V S
,

th e e o r r e e te d T O V S d a t a a r e

a d d ed to th e in it ia l field o f E x P
.

R A O B
.

F o r th e e x Pe r im e n t in it ia te d fr o m 0 8 0 0 BT 5 Ju ly

1 9 9 5
,

th e r a in fa ll lo e a t io n a n d the r a in fa ll e e n t e r s a r e g e n e r a lly th e s a m e a s the r e a l o n e

(fig u r e o m it te d )
.

H o w e v e r
,

the r a in fall in t e n s itie s a r e d iffe r e n t fo r d iffe r e n t s e he m e s
,

T a ble 7 g iv e s the e o m p a r is o n a m o n g th e in t e n s it ie s a t thr e e r a in fa ll e e n ter s lo e a t ed a t

L it a n g
.

L h a s a a n d x ig a z 乏
.
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T he d iffe r e n e e s b e tw e e n th e T O V S d a t a a n d

J
u ly 19 9 5

.

So lid li n e s d e n o t e th e T O V S d a t a

C
一

T O V S d a t a m i n u s r a d io s o n d d a t a
.

(a 一)
,

h e ig h t (g p m ) : (c , )
,

(c 2 ) ho r i z io n t a l v e lo e ity

一

30
。

2 0
。

10 0 10

th e r a d io s o n d e o bs e r v a t io n a t a bo u t 0 8 0 0 B T 7

m in u s r a d io s o n d e d a t a : a n d d o t t e d lin e s d e n o t e

( a Z ) te m p e r a t u r e (
o

C ) : (b l )
,

(b : ) g e o p o t e n t ia l

(m s 一 ’) : (d , )
,

(d 2 ) r e la t iv e h u m id it y (% )
.
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.

C o m p a r is o n o f S im u la te d R a in fa ll ( 0 8 0 0 BT 5 Ju ly 一 0 8 0 0 BT 6 J
u ly 19 9 5 )

O bs e r v a tio n
E x Pe rim e n t R AO B

(m m )

E x Pe r im e n t C
一

T O V S

(m m )
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0
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I n t h e e x p e r im e n t in it ia t e d a t 0 8 0 0 BT 6 Ju ly 1 9 9 5
,

t he t w o r e a l r a in fa ll e e n t e r s a t

Ya ’a n a n d L ha s a d o a p p e a r in bo t h s e he m e s
.

H o w e v e r
,

t h e s im u la t e d p o s it io n s fo r Y a ’a n

all d e v ia t e t o t he w e s t by a b o u t 3 d e g r e e s o f lo n g it u d e
,

w h ie h 15 n e a r L ita n g
.

T he r a in fa ll

in t e n s i t y 15 sh o w n in T a ble 8
.

T a ble 8
.

C o m p a r is o n o f th e S im u la t e d 2 4 h R a in fa ll ( 0 8 0 0 BT 6 Ju ly一 0 8 0 0 B T 7 J
u ly 1 9 9 5 )

o b s e r v a t io n
E x P e r im e n t R AO B

(m m )

E x Pe r im e n t C
一

T O V S

(m 爪 )

OJ0工LJ
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O甘月了11dQ口J11月了0
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⋯
只�R�‘,上OJ几J月任左几0

njo自Y a ’a n

L h a s a

A v e r a g e e r r o r

V
.

D IA G N O S T IC A N A L Y S IS

1
.

A n a ly s es on th e
W

e a th e r

Sy
s t e m s on th e P la t ea u A re a

O n t he 5 0 0 hP a flo w fie ld a t 0 8 0 0 B T 5 Ju ly 1 9 9 5
,

w h ie h 15 o b ta in e d fr o m E x P
.

R A O B (F ig
.

Za )
,

t h e r e 15 a w e a k lo w v o r t e x o n e a s t e r n p la te a u ( 3 3
o

N
,

1 0 0
o

E ) a n d a

s t r o n g e r o n e o n t he w e s te r n p a r t ( 3 1
O

N
,

8 4
o

E )
.

T h e n o r t h e r n p la t e a u 15 c o n t r o lle d b y

a n t i e 卯lo n e
.

Be
s id e s

,

s tr o n g s o u t he r ly w in d d o m in a te s fr o m B a y o f Ba
n g le t o s o u t he r n

p la te a u a r e a
.

A t 2 0 0 0 BT (fig u r e o m itt e d )
,

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

T he w e s te r n

o n e g e ts w e a k e n e d a n d m o v e s to t he e a s t by t w o d e g r e e s o f lo n g it u d e
.

T h e n o r t he r n

a n t i e y e lo n e s h ift s to th e m id d le Pla t e a u a n d g e t s w e a k e n e d
.

T he s o u t h e r n s o u th e r ly flo w

d e v ia t e s t o t h e w e s t
.

A t 0 8 0 0 B T 6 Ju ly 1 9 9 5
,

t h e w e s t e r n lo w d is aPP e a r s
.

T he m id dle

p la t e a u 15 e o n t r o lle d b y w e a k a n t i e y e lo n e a n d lo w v o r t e x
.

T he s o u t he r ly w in d o n t h e

s o u t h e r n Pla t e a u t u r n s in t o s o u t he a s t e r ly w in d
.

A t 0 8 0 0 BT 7 Ju ly 1 9 9 5
,

th e m id d le

p la t e a u 15 e o n tr o lle d by s t r o n g lo w v o r t e x
.

O n t he 5 0 0 hPa flo w fi e ld o f C
一

T O V S s e h e m e
,

a t 0 8 0 0 BT 5 Ju ly 1 9 9 5 (F ig
.

Zb )
,

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

t h e w e s t o n e 15 w e a k e r
.

T h e d e fo rm a t io n fie ld d o m in a t e s t h e s o u t he r n p la te a u
,

to t he s o u t h o f w h ie h t he r e 15

s o u t hw e s t e r ly w in d p e n e t r a tin g in t o t h e p la t e a u
.

A t 2 0 0 0 B T 5 Ju ly 1 9 9 5 ( fig u r e

o m it t e d )
,

t he e a s t lo w d is a PPe a r s
.

A n a n t i e y e lo n e fo r m s o n t h e s o u th e r n Pa r t
.

A t 0 8 0 0
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5 0 0 hPa flo w fie ld a t 0 8 0 0 BT 5 J
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.
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3
.

5 0 0 hP a t e m p e r a t u r e fie ld a t 0 8 0 0 BT 5 Ju ly 1 9 9 5 a e e o r d in g t o ( a ) R A O B s e he m e a n d (b ) C
-

T O V S s e h e m e .

B T 6 Ju ly 1 9 95
,

t w o lo w v o r ti e e s fo r m o n t he e a s t ( 3 1
O

N
,

9 9
O

E ) a n d m id d le ( 3 3
O

N
,

9 2
o

E ) p a r ts o f t he p la t e a u
.

T h e w e a k s o u t h w e s t e r ly w in d o n t h e s o u t he r n p la t e a u t u r n s

in t o w e s te r ly w in d
.

A t 0 8 0 0 B T 7 Ju ly 1 9 9 5
,

th e s o u t he a s t e r n a n d s o u t he r n Pa r t s o f t he

p la t e a u a r e d o m in a t e d by r a t he r w e a k lo w v o r t e x
.

O n t he t e m p e r a tu r e fie ld a t 0 8 0 0 BT S

Ju ly 1 9 9 5 o f s e h e m e R A O B (Fig
.

3 )
,

t w o b r a n e h e s o f s tr o n g w a r m
一

m o is t flo w fr o m t he
、

s o u thw e s t a n d t he s o u th m e r g e a t L it a n g a r e a
.

I n t he a n a lys e s o f C
一

T O V S s e he m e
.

s i n e e

t h e re 15 a e o ld a ir to n g u e a t 9 0
o

E
,

w h i e h e u t s o ff t he t r a n s p o r t a t io n e ha n n e l o f w a r m
一

m o is t

a ir fr o m t he w e s t t o L it a n g
,

t he w a t e r v a p o r tr a n s p o r ta t io n a t L ita n g w e a k e n s

5 ig n ifie a n tly
.

T he s e r e s u lts s ho w t ha t T O V S d a t a e a n in e r e a s e t h e s p a t ia l r e s o lu t io n o f d a t a o n the

Pla t e a u a r e a
.

It s a PPli e a t io n e a n b e a n e ffi e ie n t w a y to o v e r e o m e t he Pr o b le m o f d a t a la e k

a n d lo w s p a t ial d a t a r e s o lu t io n
.

2
.

Th
e

Ch
a ra c t e r i st i c s

of W a t e r V aP
o r T ra n sP o rt a t i o n

A s w e

U n lt s r e a

k n o w
,

w a t e r v a p o r flu x m e a n s t he a m o u n t (g r a m ) o f w a t e r v a p o r t h a t e r o s s e s

in u n it t im e P e r io d
,

a n d r e Pr e s e n ts t h e a m o u n t a n d d ir e e t io n o f w a t e r v aPo r



N o
.

3 W E N G Yo
” g hu i

,

X U X ia n g d e
,

B A I J i九舒
u a n d 工义)N G Ch

a o h u a
3 7 1

tr a n s p o r t a tio n
.

T h e h o r iz o n ta l w a te r v a p o r t r a n s p o r t a t io n 15 V
.

叮/ g
,

the u n it 15

9 5 一 ’ em 一 ’ hP a 一’ (s e e Zh u e t a l
.

1 9 9 2 )
.

F ig u r e 4 a s ho w s the w a t e r v a p o r flu x field o n 4 0 0

hPa a t 0 8 0 0 B T 5 Ju ly 1 9 9 5 a e e o r d in g t o s eh em e R A O B
.

Fr o m th is fig u r e
,

w e e a n s e e tha t

the r e 15 a s tr o n g w a te r v a p o r eh a n n e l fr o m Ba y o f Ba
n g el t o th e s o u th e a s t e r n p la t e a u

.

Be
sid e s

,

the r e 15 a n o the r sig n ifie a n t w a t e r v a p o r eh a n n e l fr o m the s o u thw e s t to s o u t he a s t

p a r t o f the p la te a u
.

A b o v e tw o e ha n n e ls m e e t n e a r Lit a n g a n d m o v e to th e e a s t
.

Fig u r e 4 b

sh o w s the 4 0 0 hPa w a t e r v a p o r flu x fie ld a e e o r d in g t o s e h em e C
一

T O V S
,

in w hieh the r e a r e

s t ill tw o w a t e r v a p o r c h a n n e ls t o w a r d s e a s te r n p la te a u
.

O n e 15 fr o m B a y o f B a n g le
,

w h ieh

15 r a the r w e a k a n d d o e s n o t r e a e h th e in n e r P a r t o f the Pla t e a u
.

It o n ly t r a n s Po r t s th e

w a t e r v a p o r fr o m th e s o u the r n Pla t e a u t o the e a s t
.

T h e o th e r o n e 15 fr o m th e n o r th w e s t
.

Fr o m the v e lo e ity fie ld (Fig
.

5 )
,

w e e a n s e e th a t the r e a r e tw o s t r o n g w in d b e lt s fr o m t he

s o u th a n d s o u th w e s t a e e o r d in g to s e h em e R A O B
,

w h ile th e r e 15 o n ly o n e s t r o n g w in d b e lt

fr o m L it a n g to th e e a s t a e e o r d in g t o s e he m e C
一

T O V S
.
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4
.

T h e 4 0 0 hp a w a t e r v a p o r flu x fie ld ( 9 kg 一 ‘m s 一 1 ) a t 0 8 0 0 BT 5 J
u ly 1 9 9 5

R A O B s e h e m e a n d (b ) C
一 T O V S se h e m e .

护
a e e o r d in g to (a )

3 5
o
N

3 0

2 5

8 5 90 9 5 10 0 10 5
o
E 8 5 9 0 9 5 100 10 5

o
E

Fig
.

5
.

T h e 4 0 0 hPa v e lo e i ty fie ld (m s 一 ’) a t 0 8 0 0 BT 5 J
u ly 19 9 5 a e e o rd i n g to (a ) R AO B s e h e m e a n d

(b ) C
一

T O V S s e h e m e .











3 7 6 A C T A M E T EO R O L OG ICA SIN ICA V o l
.

1 5

(1 ) U n d e r the g e o g r a ph ie a l e o n d itio n o f the T ibe t a n Pla te a u
,

the o b s e r v in g s t a t io n s

a r e v e r y sP a r s e
,

th e s Pa t ia l r e s o lu tio n o f d a t a 15 v e r y lo w
,

w h ieh w o u ld e a u s e fa ls e

in fo r m a t io n in the in it ia l fie ld o f n u m e r ie a l m o d e l
.

A s a r e s u lt
,

the d e s e r ip t io n o f p la te a u

s ys te m s a n d th e ir d yn a m ie s tr u e t u r e w o u ld be u n e e r t a in
.

F als e v e r tie a l a s e e n d in g

(d e s e e n d in g ) m o t io n a n d it s e ir e u la tio n s t r u e t u r e fe a t u r e s w o u ld a Pp e a r
.

T h e fe a t u r e o f

th e w a te r v a Po r t r a n sPo r t a tio n eh a n n el d is t r ibu t io n o n th e Pla t e a u a n d it s a m bie n t a r e a

w o u ld be d is t o r t e d a n d r e v e r s e e ffe e t o f w a t e r v ap o r t r a n s Po r t a t io n w o u ld ha p p e n
.

T he

e o r r e la tio n be tw e e n a bo v e fa ls e in fo r m a tio n o f v a r io u s v a r ia ble d ia g n o s e s a n d the

d is tr ib u t io n o f o b s e r v in g s ta t io n s d is elo s e th e p r o ble m in n u m e r ie a l p r e d ie t io n t e e hn iq u e o n

Pla t e a u

(2 )

a r e a tha t 15 d iffie u lt to s o lv e
.

S t u d y o n the a PPlie a t io n o f s a te llite d a ta o n p la te a u a r e a sh o w s th a t T O V S

s a t e llite d a t a e a n s ig n ifie a n tly e lim in a te a b o v e fa ls e in fo r m a tio n in the in itia l field o n th e

p la t e a u
.

T h e e a p a b ility t o d e s e r ibe the th r e e 一

d im e n s io n a l p h ys ie a l p ie t u r e
,

s tr u o t u r e a n d

it s d yn am ie eh a r a e t e r is t ie s in p la t e a u a r e a 15 im p r o v e d a p p a r e n tly
.

It 15 a n e ffieie n t w a y t o

o v e r e o m e th e lim it a tio n o f s p a r s e o b s e r v in g s t a t io n s a n d lo w s p a t ia l d a t a r e s o lu tio n o n the

p la t e a u
.

(3 ) T he r e e x is t v a r io u s sy s t e m e r r o r s in th e s a t ellit e d a t a o n the Pla te a u
.

T he Pr e s e n t

p a p e r a d o p t s v a r ia tio n a l e o r r e e t io n m e tho d a n d d e e r e a s e s th e s e e r r o r s e ffie ie n tly
.

T he

o bie e tiv ity a n d r e lia bility o f T O V S s a te llit e d a t a ap p lie a t io n a r e im p r o v ed s ig n ifie a n tly
.

R EF E R E N C E S

C h e n

BO m in a n d Q ia n Z h e n g a n (1 9 9 5 )
,

N u m e riea l p r e d ie tio n e x p e r im e n ts o n the r a in fa ll a n d lo w v o r te x o n

T ibe ta n P la te a u in s u m m e r
,

C人in es‘
.

A tm o s S c i
. ,

1 9 : 6 3 一 7 2 (in Chin e se )
.

W
a n g Z o n g h a o (1 9 9 5 )

,

P r o g re ss in the
滩PP lic a tio n

of th e S a te llite M
o n it o re d H

ea t R a d ia tio 二 in N W P
,

S o m e N ew Te
c h n i宁u e s in N

u m e r ic a l W
e a th e r P re d ic tion (2 )

,

Be iji
n g

.

C h in a
M

e te o r
.

P r e s s
,

p P
.

1 4 8 一

1 7 2 (in C h in e s e )
.

X u X ia n g d e e t a l
.

(1 9 9 6 )
,

S tu为
o n the te c hn i叮u e t o E stim a te R a i,

lfa ll w ith th e In 一e g ra tio n

of R a d a ,
.

S a tellite a n d S u r
j劫

c e

Ra in Ga
u g e T 硬沁Is

,

月
‘a

叮 Ra ‘, S e ie n ce
,

Be ijin g
,

C h in a
M

e te o r
.

Pr e s s
,

p p
.

1 0 2一

1 0 7 (in C h in e se )
.

Zh u
Q ia n g e n e t a l

.

(1 9 9 2 )
,

T h e P ri n c
iP le s a n d Te

c h n ig u e s

of Sy
n

oP tie M七t
eo
ro lo g 夕

,

Be iji
n g C h in a

M
e te o r

.

Pr e s s
,

PP
.

89 6 一 8 9 8 (i n C h in e se )
.

Z h a n g D
.

L
.

M ie h a e l Fr its e h J
.

(1 9 8 6 )
,

N u m e riea l s im u la tio n o f the m e so 一

月
s e a le s tr u e t u r e a n d

e v o lu tio n o f th e 1 9 7 7 J
o h n s to w n flo o d Pa r t l : m o d e l d e se r iP tio n a n d v e rific a tio n

,

J
.

A t m o s
.

S c i
. ,

43
:

1 9 1 3一 1 9 4 3
.


