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SE N SIT IV IT Y E X PE R IME N T S O N IN FL U E N C E S O F U PL IFT O F

QIN G H A I
一

X IZ A N G PL A T E A U O N C IR C U L A T IO N IN SU MME R
‘

Qla 。 Yu , , (钱 云 ) a n d Q la n y 。刀 g fu (钱永甫 )

D e p a r tm e n t o f A tm o sp he r ie Sc
le n e e s N a n

ji
n g U n iv e r sity N a n ]in g 2 1 0 0 9 3

R e e e iv e d M a r e h 2 7
,

1 9 9 4 : r e v is ed Fe b r u a r y 2 8 1 9 9 5

A BS T R A CT

A eo u p led g e n e r a l e ir e u la tio n m o d e l in a z o n a l b e lt 15 u s e d to sim u la t e the v a r la tio n o f eir e u la tio n

fe a t u r e s 币 the p r o e e ss o f u p lift o f th e Q in g h a i
一

X iz an g Pla tea u
.

T h e r e s u lt s r e v e a l tha t th e h e a tin g

r a te s o f th e P la t e a u in er e a s e w 一th th e risin g o f th e Pla t e a u t o p o g r a p hy
.

a n d th e la t en t h e a tin g eo m p o -

n e n t in the h e a t in g fie ld te n d s t o be the n l o s t im p o r t a n t h e a t rn g fa e to r
.

T he u plift o f th e Pla t e a u e n -

ha n e e s the u Pw a r d m o tio n
,

in t e n s lfie s t he p r e s su r e s ys t em s in th e h ig h a n d lo w le v e l a tm o s p h e r e
.

r e -

In fo r e e s S o u t he a st A s一a m o n s o o n s t r e n g th
,

in e r e a se s p r e eip it a tio n a n d se v e r e ly d e er e a s e s the s u rfa ee

t e m p e r a t u r e o v e r th e Q in g h a i
一
X iz a n g P la te a u

.

H o w ev e r
.

th e ba sie st r u e t u r e s o f th e g e n e r a l e ir e u la tio n d o n o 、 v a ry m u eh d u e t o th e u p lift o f rh e

Qin g h a i
一
X iz a n g Pla te a u

.

a n d it 15 th e la n d
一s ea d is , rib u tio n th a t 15 th e d e el siv e fa e t o r t o fo r m the p r e -

s en t eir e u la t lo n p a t t e r n a n d m o n s o o n
.

T h e r e fo r e
,

t o sim u la t e th e p a le o elim a te d u r in g the g e o lo g ie a l

p e r iod p e o p le s h o u ld e o n s id e r m o r e fa et o r s
.

e s p e e la lly the la n d
一s e a dis t r ib u tio n

.

K e y w o r d s : u p lift o f Qin g ha i
一
X iz a n g Pla t e a u

,

g e n er a l e ir e u la tio n s en sit iv it y e x p e r im e n t s
,

elim a tie

e h a n g e

I
,

IN T R O D U C T IO N

T he Q in g l、a i
一

X iz a n g Pla te a u w ith m e a n ele v a tio n a b o v e 4 0 0 0 m 15 the hig he s t a n d s t e e p e s t

o n e in t he w o r ld
.

M a n y s tu d ie s p r o v e d tha t th e Q in g h a i
一

X iz a n g Pla t e a u h a d r e m a r k a ble in flu
-

e n e e s o n th e e ir e u la tio n s y s tem s a n d th e s u r r o u n d in g elim a te thr o u g h its th e r m a l a n d d yn a m ie

fo r e in g
.

B u t the s tu d y r e s u lt s a r e n o t e o n s is t e n t w ith o n e a n o the r ab o u t the e x t e n t o f in flu
-

e n e e s o f th e Pla t e a u
.

Sin e e 1 9 6 0 5
,

m a n y s e ie n t is t s ha v e s im u la t e d t he e lim a tie effe e t s o f o r o g r a p hy by G CM a s

H ah n e t a l
.

(1 9 7 5 )
,

B a r ro n a n d W
a sh in g to n (1 9 8 4 )

,

a n d K u t z b a eh a n d G u e tte r (19 8 9 )
.

B u t

the s e r e s e a re h r e s u lt s a ll o v e re st im a t e d t he in flu e n e e s o f the Pla te a u
.

Q ia n e t a l
.

(1 9 8 8 ) ha s

u s e d 2 a n d 5 la ye r re g io n a l e lim a t ie m o d e ls to s im u la te th e in flu e n e e s o f the Q in g h a i
一

X iz a n g

P la te a u o n th e E a s t A s ia e ire u la tio n a n d e lim a t e s ln e e 1 9 7 5
.

T he y p u t the ir foc u s o n the t re a t
-

m e n ts o f s te e p t e r r a in in th e m od e l
,

a n d d e v e lo p e d a lim ite d a re a m o d el w it h P
一 s ig m a in e o r p o--

r a t e d e o o r d in a te sy s te m to d e a lw ith 落he to p o g r a p h y
.

T he m o d el hig he s t o r o g r a p h ie e le v a t io n 15

m o r e th a n 5 0 0 0 m a n d th e t e r r a in g r a d ie n t 15 a ls o la r g e r
.

T he D D D s eh e m e o f e o o r d in a te

tr a n sfo r m a tio n 15 u s e d to e a le u la te th e p r e s s u r e g r a d ie n t fo r e e in th e e o m p le x te rr a in a re a
.

K u o

n 】a te

S u p p o r te d b y th e N atio n a lFu n d a m e n t a l K e y R e s e a r e h P r o g r a m : S t u d ie s o n e lim a te dy n a m ies a n d e li
-

p r ed ie tio n t he o r y
.
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F ig
.

1
.

In itia l s e a 一

le v e l p r e s s u r e dist r ibu tio n
·

a n d Q ia n (1 9 8 2 ) fir s t s im u la t e d th e effe e ts o f th e Pla te a u o n m o n s o o n a n d p o in t e d o u t th a t

s u eh e ffe e t s ha d the s e e o n d a r y im p o r ta n e e w h ile t he la n d
一s e a d is tr ib u t io n h a d th e fir s t

.

R e e e n t
-

ly Q ia n e t a l
.

(1 9 9 4 ) em p ha s iz e d th e s e a a n d la n d the r m a l fo r e in g a g a in by n u m e r ie a l e x p e r i
-

m e n t s
.

B u t the m od
e l u se d in Q ia n

’

5 e x p e r im e n t s 15 too
s im p le a n d e o n fin e d in a lim ite d a r e a

.

In o r d e r to a v o id the e a s t
一

w e s t la te r a l b o u n d a ry p r o ble m a n d t h e o v e r s m oo t h o f t h e t e r ra in

s u eh a s in th e s p e e t ra l m od
e l

,

in th is p a p e r
,

ba s e d o n abo v e r e s e a r eh w o r k
,

a e o u p le d g e n e r a l

e ir e u la tio n m od
el sys te m in a z o n a l b elt (6 0

0

N 一 6 0
0

5 ) 15 u se d to s im u la te t h e v a r ia t io n o f t he

e ir e u la tio n a n d elim a t ie fe a t u r e s in the p r o e e ss o f u p lift o f the Q in g ha i
一

X iz a n g Pla te a u
.

11
.

T H E M O D E L S Y S T E M

T h e m o d e l sy st em u s e d in this p a p e r 15 a la n d
一 a ir a n d a ir

一 s e a e o u p le d m od
el sys t em

,

in

w h ie h th e a tm o s p h e r ie m od
el 15 a s

一

lay e r p r im it iv e e q u a t io n m od
el w ith p

一 a in e o r p o ra t e d e
oo

r -

d in a t e sys t em in t h e v e r t ie a l
.

It in elu d e s v a r io u s d ia b a t ie a n d a d iab a tie p h ys ie al p r oc e s se s
,

m o r e o v e r th e sh o r tw a v e s o la r r a d ia tio n e o n ta in s th e d iu r n a l v a r ia tio n
.

T h e m ix in g la ye r oc e a n

m od
el ha s tw o la y e r s

,

a n d the th ie kn e s se s a r e 5 0 m a n d 2 5 0 m r e sp e e t iv e ly (s e e Q ia n 1 9 9 2 )
.

T he 5 0 11 m o d el a ls o h a s tw o la ye r s
,

the fir s t 5 0 11 la ye r 15 th in n e r a n d r efle e t s the d iu r n a l

e ha n g e s o f th e 5 0 11 te m p e ra t u r e a n d m o is t u r e
.

T h e s e e
on d la ye r 15 th ie ke r a n d r e p r e s e n t s the

a n n u al v a r ia t io n s
.

O n ly o n e s o r t o f 6 u n d e r lyin g s u r fa e e s o f th e m od
el (ela y p a s tu r e ) 15 u s e d in

this Pa Pe r
.

T h e m od
e l sy s t e m ha s a z o n al d o m a in b e tw e e n 6 0

o

N a n d 6 0
0

5
,

th e h o r iz o n ta l g r id n e t -

w o rk 15 s p h e r ie a l o n e w ith a g rid siz e o f 5
0

la t
.

又 5
0

lo n g
.

th e t im e s t e p 15 1 5 m in
.

T he in itia l

field s u s e d in th e m od
el a r e th e m u lt iy e a r ly z o n ally a ve r a g e d g e o p o t e n tial he ig h t field s a t 1 0 0

,

3 0 0
,

5 0 0 7 0 0 hPa le v els a n d s e a le v el p r ess u r e field (Fig
.

1) a n d th e m ix in g r a t io fie ld s a t

3 0 0
,

5 0 0
,

7 0 0 a n d 8 5 0 hPa le v els in Ju n e
.

A ft e r in it ia liz a tio n
,

the t em p e r a tu r e s
,

the g e o p于

te n t ia l he ig h t a n d the v eloc it y e o m p o n e n ts e a n be o b ta in e d
,

a n d th e s u r fa e e p re ss u re e a n b e

g o tt e n by in te r p o la tio n
.

A t im e in te g r a t io n o f 5 m od
el d a ys 15 firs t m a d e a n d a q u a s i

一 s ta tio n a r y

s ta te 15 r e a e he d w ith lit tle eh a n g e s o f the m ed
el v a ria ble s

,

the n a n o the r 15
一

d in t e g r a tio n 15 fu r -

th e r m a d e
,

a n a lys e s a n d d is e u s s io n s a r e m a d e fo r the m e a n elim a te s ta t e in s u m m e r in th e la s t

1 5 d a ys
.

T h e la n d
一 s e a d is tr ib u t io n in th e m od

el a n d the t o p o g r a p h y in the e o n t r o le x pe r im e n t

a r e e los e to the r e a l o n e s
.
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.

2
.

T h e o r o g r ap h ie h e ig ht s fo r fiv e e x p e ri
-

m en ts w it h a e o n to u r in te r v a l o f 5 0 0

m
.

D a sh e d lin e s en e lo se th e u p lift do--

m ain
,

a n d d o tte d lin es th e Q in g h a i
-

X iz a n g Pla tea u r e g io n d e fin ed in S ee -

tio n IV
一

2
.

⋯
J leses
�

门

Jn

O

30 书
:

6 0
0

5
90

o

E 1 8 0

111
.

E X P E R IM E N T A L S CH E M E S

F iv e e x p e ri m e n t s a r e d e s ig n e d a e e o r d in g t o d iffe r e n t e le v a t io n s o f t he Q in g ha i一X i z a n g

p la t e a u a n d it s s u r r o u n d in g a r e a s d u r in g t he p r oc e s s o f u p lift o f th e Q in g h a i
一

X iz a n g p la te a u

(s e e T a b le l )
.

E M lo o d e s ig n a t e s th e e o n tr o l e x p e r im e n t w it h th e r e al o r o g r a p hy
.

E x e e p t fo r

t he o r o g r a p h ie he ig h ts
,

t he lo w e r b o u n d a r y e o n d it io n s a n d t he p h ys ie al p a ra m e t e r s d o n ot

e h a n
罗 in v ari o u s e x p er im e n ts

.

Fig u r es Za 一 Ze sho w t he or 呀ra p hi e p a tt e r n s o f th e fi v e e x p er i
-

m e n ts
,

r e s p e e t iv e ly
.
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T a ble 1
.

E x Pe rim e n t a lSc h em e s

Co d e n a m e

1 E M O

2 E M 2 5

U p lift d o m a in

6 0
0

N 一 6 0
0

5

o
o

E 一 1 8 0
o

E

6 0
o

N 一 2 0
o

N

M od
e l o r o g r a p h ie h e ig h ts (m )

h ~ h 。

h 一 h
。

h
。

簇 5 0 0

O
O
E 一 1 4 5

o

E h 二 5 0 0 + 0
.

2 5 (h
。

一 5 0 0 ) h 。
> 5 0 0

3 EM 5 0 sa m e a s Z h 一 h。 h
。

毛 5 0 0

h = 5 0 0 + 0
.

5 (h。一 5 0 0 ) h
。

> 5 0 0

4 E M 7 5 sa m e a s Z 人一h
o

人
。

毛 5 0 0

h = 5 0 0 + 0
.

7 5 (h
。

一 5 0 0 ) h
。

> 5 0 0

5 EM 1 0 0 h ~ h o

N o te : In T ab le l
,

h
。 r e p r es en ts th e r e a lo r o g r a ph ie ele v a tio n

,

a n d h t he elev a tio n u s e d in th e d iffe r e n t e x p e r i
-

n l en ts
.

IV
.

E X PE R IM E N T A L R E S U L T S

1
.

S 1’m
u

阮如 R
esu

lt :

of th 。 G 刀材
rol E x Pe r i力之e n t (E M IOO)

Fig u r e s 3 sho w th e s e a le v el p re s s u r e d is tr ib u tio n s (Fig
.

3a ) a n d th e 2 0 0 hP a le ve ls t r e a m
-

lin e s (Fig
.

3b ) th e u p p e r o n e 15 sim u la te d by th e m od
el a n d th e lo w e r the e o r r e sp o n d in g o b

-

s e r v a tio n
.

T h e m a in s tr u e tu r e o f the sim u la t e d elim a t ie fie ld s 15 r ela t iv e ly e o n s is t e n t w ith the

o bs e r v e d o n e
.

H o w e v e r
,

it 15 fo u n d tha t the s t re n g ths o f the s u b t r o p ie a l hig h s o v e r th e P a e ifie

a n d th e A tla n t ie O e e a n s a r e slig h tly w e a k e r
.

It m a y be d u e t o th e ho m o g e n e o u s 50 11 ty p e u s e d

in th e e o n tr o l e x p e r im e n t
.

A t th e 2 0 0 hPa le v el (Fig
.

sb )
,

the sim u la te d a n t iey e lo n ie e ir e u la
-

t io n o v e r the N o r th A m e r ie a 15 too
s tr o n g

.

H o w e v e r it 15 st ill w e a k e r th a n th e Q in g h a i
一

X iz a n g

P la te a u h ig h w h ieh e a n b e p ro v e d by the he ig h t fie ld m a p (o m it te d )
.

T h e s im u la t e d a tm o--

s p h e r ie t em p e r a t u r e
,

the m e a n la n d s u r fa e e t em p e r a t u r e
,

hu m id it y
,

r a in fall e te
.

a r e a ls o e o m
-

p a r a b le w ith the o b s e r v a tio n a l r e s u lts
.

2
.

Th
‘ V a

耐zon
:

of th 。
At ~ Ph

~ 月‘口艺in g Stat
u : ov er th ‘ 尸Z口艺ea u

It 15 a s s u m e d t ha t t he Q in g h a i
一

X iz a n g Pla te a u e a n b e r e p r e s e n t e d by a n a re a in s id e 2 5 一

4 5
”

N
,

n le n t s
.

7 0 一 1 1 5
o

E
.

Ta ble 2 sho w s th e eha n
罗

5 o f th e or 吧
r a p hie e le v a tio n in th e fi v e e x p e r i

-

In the w ho le a tm o s p h e r ie e o lu m n o ve r the P la t e a u
,

the t o t al d ia b a tie he a t in g ra te (Q ) 15

th e s u m o f la t e n t he a t r a te (L P )d u e to e o n d e n s a t io n
,

r a d ia t ive he a t in g ra te (R + I ) in elu d in g

the s o la r r a d ia t iv e (R ) a n d th e lo n g w a v e r a d ia tiv e (I ) he a tin g
,

a n d th e tu r b u le n t d iffu s iv e

h e a tin g r a t e (S ) (in elu d in g the s e n sible he a t )
,

a ll th e u n it s fo r h e a t in g r a t e a r e ℃ / d
.

F ig u r e 4 r e fle e t s th a t the a tm o s p he rie d iaba tie he a tin g r a te a n d e a e h e o m p o n e n t o v e r the

Pla t e a u w ith in e r e a sin g e le va t io n
.

It 15 sho w n tha t th e la t e n t he a tin g te r m 15 th e m o s t p r in e ip a l
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.

T h e sim u la te d a n d th e o bse r
ve d se a le ve l p re ss u re (a )

,

2 0 0 hPa
stre a m lin es (b )

.
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Fig
.

4
.

C h a n g e s o f th e d ia b a tie he a tin g r a te a n d h e a t eo m p o n en ts w it h in c r ea s in g e le v a tio n
.

t e r m a

mo
n g th e he a t e

om p o n e n t s
,

a n d the n s e q u e n tially a r e l
,

R a n d S
.

R + 1 15 u s u a lly n e g a -

t iv e
,

in d ie a tin g th a t the a tm o s p he r e o ve r the Pla te a u 15 g e n e r a lly e
oo le d d u e to r a d ia tio n

.

Q 15

a lw a ys p os itive
,

in d ie a tin g tha t the Qin g ha i
一
X iz a n g Pla te a u 15 a n a tm os p he r ie h e a t s o u r e e in

s u m m e r
.

T h e s im u la ted he a t in g r a te s a r e fa ir ly in a g r e e m e n t w ith tha t e s tim a t e d by L u o a n d

Y a n a i (1 9 8 4 )
.

T he ir r e s u lts a r e a s fo llo w s :

Q = 1 5 7 W / m
Z

,

L P = 1 3 4 w / m
Z

,

S = 9 6 W / m
Z

,

R + I - 一 7 3 W / m
2

.

T a b le 2
.

A v e ra g e a n d M
a x im u m E le v a tio n s in th e V ie in it y of th e Qin g ha i

一

X iz a n g Pla te a u R e邵o n in Fiv e

E x P e r im e n ts

(U n it : m )
“

E M O EM 2 5 E M 5 0 EM 7 5 E M 1 0 0

A v e r a g e e le v a tio n 1 0 (0
.

00 4 ) 9 5 7 (0
.

4 0 8 ) 1 4 2 0 (0
.

6 0 5 ) 1 8 8 2 (0
.

8 0 3 ) 2 3 4 5 (1
.

0 0 )

M
a x im u m e lev a tio n 1 0 (0

.

0 0 2 ) 1 5 9 1 (0
.

3 2 7 ) 2 6 83 (0
.

5 5 1 ) 3 7 7 4 (0
.

7 7 6 ) 4 8 6 6 (1
.

0 0 )

T h e a v e r a g e e le v a tio n s a r e e o m p u te d fo r 3 6 g rid 闪
u a r e s in sid e th e r e

gi
o n 2 5 一 4 5

o
N

,

7 0 一 z l s
o

E
.

T h e

v a lu e in p a r e n th e se s in d iea te s the fr ae tio n a l e le v a tio n (c o m p a r e d t o E M 1 0 0 )
.

T a b le 3
.

A v e r a g e L a n d S u rfa e e T em p e ra tu r e

(T, ) a n d A v e r a g e R a in fa ll (P ) in t he V ie in ity o f th e Q in g
-

ha i
一

X iz a n g P la te a u R e g io n in Fiv e E x p e rim e n ts

E M O EM 2 5 E M 5 0 E M 7 5 E M 1 0 0

界 (
o

C ) 3 8
.

4 5 3 4
.

2 6 3 1
.

7 5 2 9
.

0 5 2 7
.

0 0

尸 (m m / d ) 1
,

5 2 3 l
,

5 2 5 2
,

0 2 4 2
,

1 7 3 2
.

3 3 9

In th e p roc e s s of u p lift o f th e Q in g h ai一X iz a n g Pla te a u
,

Q g ra d u ally ris e s fr o m E M 2 5 t o
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E M 10 0
,

b u t th e in e r e a sin g s p e e d d e e r e a s e s
.

T h e eh a n g e o f L P 15 v e r y a n alo g o u s to the Q
.

1 15

alw a ys n e g a t iv e a n d b e e o m e s le s s a n d le s s w ith th e e le v a t io n in e r e a s in g
.

T h e v ar y in g r a n g e o f

R 15 n o t la r g e
,

5 0 th e v a r ia t io n o f R + 1 p r in e ip ally d e p e n d s o n the 1
.

5 15 a ls o in e r e a s in g g r a d u -

a lly
.

Fr o m E M O to EM lo o
,

Q in ere a s e s by 3 6 p e r e e n t
,

5 0 in th e pro g re s sive u p lift o f the

Pla t e a u the he a ti鳍
e ffe e t 15 e o n t in u o u sly in e re a sin g a n d m a in ly b e e a u se o f the in e r e a s in g la t e n t

he a t
.

T he r e 15 a n o n ly e x e e p tio n fr o m EM O t o E M 2 5
,

it m a y b e d u e t o th a t th e o r o g r a p hie u p
-

lift d o m a in fo r EM O 15 d iffe r e n t fr o m o th e r e x p e r im e n t s
.

T a ble 3 sh ow s tha t th e a v e r a g e la n d s u rf a e e t em p e ra r u re (Ts ) a n d th e r a in fa ll (P ) e ha n g e

w ith th e in e r e a s in g e le v a t io n
.

W ith the Pla t e a u u p lift
,

fr o m E M O to E M l o o
,

只
s e v e r ely d r o p s

anfiv
1 1

.

4 5
”

C a v e ra g e d ly
.

H o w e v e r th e r a in fall in e re a s e s
.

w it h the LP
.

it s in e r e a sin g t e n d e n e y 15 a g r e em e n t

3
.

V ‘7忆ic 以 M Ot lon (5 0 0 h P a )

V e r tie a l m o t io n p a tt e r n s a t the 5 0 0 hPa in the e x Pe r im e n ts sh o w

w ays t he u p w a r d m o t io n s o v e r th e la n d
,

e sPe e ia lly o v e r the S o u th e a s t A sia
,

a n d the M e x ie a n G u lf a n d th e r e a r e a lw ay s th e d o w n w a r d m o tio n s o v e r the

th a t the r e a r e al
-

th e N o r th A fr ie a

o e e a n s e x e eP t fo r

th e tro Pie a l Pa e ifie a re a a n d its w e s t b o u n d a r y w he r e the u p w a r d m o t io n d o m in a t e s
.

In the

E M O
,

d u e to the r em o ve d o r o g r a p h y a n d the h o m o g e n e o u s u n d e r lyin g s u r fa e e
,

th e loc a leir e u -

la tio n a n d th e v e rt ie a l

H em is p h e r e w h e r e the

m o t io n a r e w e a k e r
,

the m a x im u m r isin g m o tio n a r e a 15 o v e r the
W

e s te r n

r e a lo r o g r a p h y 15 a d o p t e d
.

W ith the Pla t e a u u p lift
,

th e h e a tin g e ffe e t o f

th e Pla te a u o n th e a tm o s p he r e in e r e a s e s
,

th e r isin g m o t io n in the v ie in ity o f the Pla t e a u a g g r a -

v a t e s
.

T h e d o m a in s o f the u p w a r d a n d th e d o w n w a r d m o t io n s h a v e n o t e ha n g e d e s s e n tia lly
.

4
.

召之, 剐n

da ry La ye
r a n d th君 S ea 及气 ,

el P r es s u re F诃d

T he s e a le v el p r e s s u re fie ld a n d the b o u n d a r y la y e r w in d field (F 19
.

sa ) a r e a n alysed
.

It 15

fo u n d th a t the r e a re tw o a n t iey elo n ie e ir e u la t io n s o ve r th e E u r a s ia a n d the N o rth A m e r ie a
,

a n d

tw o e y e lo n ie e ir e u la tio n s o v e r the P a e ifie a n d th e A tla n t ie e ithe r in E M O a n d E M 2 5 w he re the

o r o g r a p hy 15 r ela t iv e sm oo th o r in E M 7 5 a n d M IOo w he r e the o r o g r a p h y 15 h ig h
.

T he lo w
一

le v -

el e y elo n ie e ire u la t io n o v e r th e Pla t e a u r e g io n s tr e n g the n s o bv io u sly w ith th e in ere a s in g ele v a -

tion
.

It 15 sho w n in F ig
.

sb tha t the s tr e n g the n in g o f th e P la te a u he a t in g r a t e s m a ke s th e a ir
-

flo w in the s u r r o u n d in g a r e a o f th e Pla t e a u (e s p e e ia lly to its e a s t a n d s o u th Pa r ts ) e o n v e r g e s

ey elo n ie a lly to w a rd s the Pla te a u
,

p ro m o t in g th e s u m m e r m o n s o o n in E a s t C hin a to 而g ra t e

n o r thw a rd
.

T a b le 4
.

C h an g e s o f th e L oc
a tio n a n d th e Ce n tr a l St r e n g th o f th e Plate a u L o w in S e a L e v e lP r e ssu r e F ie ld

EM O E M 2 5 E M 5 0 E M 7 5 E M 1 0 0

92a38098L o n g it u d e

L a titu d e

C e n tr a l s tr e n g th (hPa )

9 4
o

E

3 9
o

N

9 1
o
E

3 7
o

N

9 0
o

E

3 6
O
N

9 9 2 9 8 6 9 8 4

tL卜fR�8c才仁引玲9

T h e e h a n g e s o f th e se a le v e l p re s s u re w it h in e re a s in g e le v a tio n a r e illu s t ra t e d in Fig
.

6 a n d

T able 4
.

T h e e ffe e t o f in e r e a s ing
e le v a tio n fo r e e s t he A s ia e o n t in e n ta l low to m o v e s o u t hw a r d
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5
.

S im u la t e d bo
u n d a

斗 la y e r s t r e a m lin e s fo r EM o (a )
,

a n d s im u la t e d bo u n d a r y la ye r w in d d i ffe r e n e e s

(E M 1 0 0 一 E M O ) m a P (’b )
.

a n d w e s t w a r d b y 6 d e g r e e s o f la tit u d e a n d 8 d e g r e e s o f lo n g it u d e r e s p e e t iv e ly
.

A t th e s a m e

tim e
,

t he in t e n s i ty o f t he fo w e n h a n e e s by 1 4 hPa
.

A s a r e s u lt
,

th e Pla t e a u u p lift in e r e a se s t h e

so u t h
一
to

一 n o r th p r e s s u r e g r a d ie n t in t he

So
u t h A s ia a n d e n a ble s t he m o is t d e fle e t iv e s o u th e r lie s

e o m in g fr o m t he In d ia n

Oc
e a n to e n t e r fa r in to t he Pla t e a u a r e a

.

It a lso e x p la in s w h y th e ra in
-

fall in e r e a s e s w it h t he in e r e a s in g o r
馆

r a p h ie he ig h ts w hie h 15 sho w n in T a ble 3
.

5
.

口户户盯 五欲夕
el A t m os Ph ~

尸Z刚

T he ba s ie p a tt e r n s o f th e 2 0 0 hPa le v e l s tre am lin e ( Fig
.

3 ) a n d h e ig h ts a r e s im ila r in t h e

fiv e e x p e r im e n t s
.

In t he m id a n d hig h la t it u d e s o f th e N o r th e r n H e m is p h e r e t he r e a r e a n t ie y -

e lo n ie e ir e u la tio n s o v e r th e la n d a r e a s a n d e y e lo n i e e ir e u la t io n s o v e r t he oc e a n s
.

H o w e v e r
,

b e -

e a u s e o f t he s t ro n g e r h e a tin g e ffe e t s o f th e la n d in s u m m e r
,

t he a n ti e y e lo n ie e ir e u la tio n s o v e r

th e la n d h a v e la r g e d om a in s a n d h igh in t e n s it ie s
.

T h e r e 15 n o 。los e d e y e lo n ie e ire u la t io n e e n t r e

o v e r t he A tla n ti e O e e a n d u e to it s sm alle r oc e a n i e a r e a
,

w h ile th e re 15 o n e o v e r t he Pa e ifi e o
-

C e a n
-

B y it s e o m p a r iso n w it h t he bo u n d a r y la y e r fl o w fie ld
,

it 15 fo u n d t ha t t he flo w fie ld s a t t he

u p p er a n d t he lo w e r le v e ls a r e in th e o p p o s it e p ha se
,

it m e a n s th a t t he e irc u la t io n s ys te m s s im
-

u la t e d by t h e m 记
e l ha v e a p p a r e n t ba r oc lin ie ity

.

O v e r th e S o u t h e r n H e m is p he r e th e e ir e u la t io n

Pa tt e r n 15 s im Ple
,

a t t he u PP e r le v e ls th e r e a r e w e s t e r lie s a n d a t t he lo w e r le v e ls t he r e a r e w e s t
-

e r lie s
,

t oo
,

a t t he hig h la t it u d e s
,

w hile d e fle e t iv e so u t he r li e s a e r o ss t he e q u a t o r p r e d o m in a t e a t

t he m id a n d t h e lo vv la t itu d e s
.



N o
.

3 QIN G H A I
一

X IZA N G PL A T E A U U P L IFT A N D SU MM E R C IR C U L A T ION 2 7 5

已O
。

闪

3 O

//,0。l习产介人

一,/ l

�

、

弓
,"l、

3 O

自)
。

S

6 (〕
。

N

//

川甘
、\

3 (、

\气
曰八乃

。门os L 少二
9 0

o

E ] 8 0 g O
O

W

F ig
.

6
.

S e a le v e l p r e s s u r e d iffe r e n e e s b e t w e e n EM 5 0 a n d EM O (a )
,

a n d E M 1 0 0 a n d E M 5 0 (b ) : E M 5 0 一

E M O
,

E M 1 0 0 一 E M 5 0
.

T h e e ffe e ts o f t he Pla t e a u u p lift o n t he u p p e r le v e l w in d s a r e e o n s is t e n t w it h th e lo w e r

o n e s
.

I t m ak e s t he e o n t in e n ta lh ig h
.

w hie h 15 loc a t e d o r ig in a lly in t h e a r e a to t he n o r th a n d t he

e a s t o f th e P la t e a u b e fo r e th e u p lift
,

m ig r a t e s o u th e a st w a r d a n d t he n loc a t e ju s t o v e r t he

Pla t e a u
,

a t th e sa m e t im e th e in t e n s i ty o f t he h ig h e n h a n e e s e o n t in u o u sly
.

N e v e r th e le s s
,

e ith e r b e fo r e or a ft e r th e u p lift o f th e Pla t e a u t h e e ir e u la t io n sys t e m s in th e

N o r th e r n H e m isPh e re ha v e a t w o 一

w a v e z o n a l s t r u e t u r e b o th a t th e u p p e r a n d th e lo w e r le v e ls
.

S u e h a z o n al s tr u e t u r e 15 v e r y a梦e ea ble w it h tha t o f t he la n d a n d t he s e a d is t ri b u tio n a t th e

hig h a n d t he m id la ti tu d e s o f t he N o r t h e r n H e m is p he r e
.

I t 15 p r o ve d
,

h e n e e
,

t ha t v a r ia t ion
s o f

t he o r o g r a p hi e he ig h ts e a n n o t fu n d a m e n t ally e ha n罗 t he b a s i e s t r u e t u r e s o f th e g e n er a l e irc u la
-

t io n
.

U n d e r t he fix e d s o la r ra d ia tiv e fo r e in g
,

o n ly t h e la n d
一s e a d is tr ibu t iv e p a t te r n a n d the

t he r m a l d iffe r e n e e b e t w e e n t he la n d a n d th e se a a r e t he d o m in a n t e a u se in fo r m in g t he m o r d e n

g e n e r al e i r e u la tio n a n d t he s u m m e r m o n s
oo

n
.

T he t o p o g r a p hy in th e g lo b e 15 t he s e e o n d a r y

fa e t o r t o e ir e u la t io n s ys t e m s
.

6
.

M
e r心汤2公 〔飞八

, u ld才2〔片子

T h e m e r id io n a l e ir e u la t io n (V
一

W ) p r o file fig u r e s a lo n g 9 0
0

E a r e s h o w n in Fig s
.

7 a a n d

7 b
.

T h e y r e v e a l so m e fe a t u r e s of th e m e r id io n al e ir e u la tio n s
.

W ith t he sm oo th o r o g r a p hy b e -

e a u s e th e e ir e u la t io n 15 m a in ly in flu e n e e d b y t he t he r m al d iffe re n e e s bo th b e tw e e n v a r io u s la t i
-

tu d e s a n d b e tw e e n t he la n d a n d th e se a
,

t he m e r id io n a l e ir e u la tio n Pa tt e r n 15 s im Ple r
,

th e

s tr e n g th a n d t he sc o p e o f t he s im u la t e d m o n so o n e ire u la t io n a r e bo t h le s s th a n th a t o f th e
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7
.

M
e r id io n a l e ir e u la t io n a lo n g g o

o

E in EM 1 0 o (a ) a n d E M o (b ) ; a n d V 一e o m p o n e n t v e r t ie a l p r o file

a lo n g 2 0 o

N in E M l o o ( e ) an d E M o (d )
.

m od
e r n m on s

oo
n

,

t he r is in g a ir flo w o v e r t he P la t e a u 15 w e ak e r
,

a n d t he r a in fa ll 15 le s s
.

W it h

th e Pla te a u u p lift
,

b e e a u s e of t he o r
馆

r a p h ie e ffe e t
,

th e e ir e u la tio n p a tt e r n b e e o m e s m o r e e o m
-

p lie a t e d
,

th e r is in g m o tio n o v e r th e Pla t e a u a g g r a v a t e s
,

t he m o n s o o n e ire u la t io n s tr e n g t h o n

t he s o u th s id e o f th e P la t e a u e n ha n e e s o u ts ta n d in g ly
,

a n d th e ra n g e e x t e n d s to o
.

Fr o m 3 0
0

5

t o t h e P la t e a u
,

t he re a r e all the d e fl e e t iv e s o u t he r lie s a e ro ss th e e q u a t o r in th e b o u n d a r y la y e r
,

a n d th e r e 15 t he s in k in g a ir fl o w on t he n o rt h s id e o f t he Pla t e a u
.

I t 15 a n a lo g o u s to t h e Y e
’

5 r e -

se a re h r e s u lt s (1 9 7 9 )
.

Fig u r e s 7 e a n d 7 d s ho w t he V
一 e o m p o n e n t v e r ti e a l p r o file m a p s a lo n g t h e 2 0

o

N in E M l o o

a n d E MO
.

I t 15 fo u n d t ha t t h e so u t he r lie s a t th e lo w e r le v e l s tr e t e h u P t o th e 5 0 0 h Pa
,

a n d a r e

th ie k e r in E M 1 0 0
.

T h e so u th e r lie s r e v e r s e to t he n o rt h e r lie s a b o v e t he 5 0 0 hPa le v e l
.

W i th th e

re al o r o g r a p h y
,

th e st r e n g t h of so u t he r li e s 15 o bv io u s ly s t ro n g e r th a n th a t in E M o
.

T h e re a r e

tw o m a x im u m e e n t r e s a t 5 5
o

E a n d 1 1 5
O

E
,

r e s p e e tiv e ly
,

m a t e hin g w it h t h e m a x im u m e e n t r e s

o f th e n o r th e r lie s a t t he u p p e r le v e l
,

w hie h fo rm
r e s p e e tive ly in d e p e n d e n t v e r t ie al e irc u la tio n

sy s t e m s
.

T h e s o u t he rlie s ha v e n o t o bv io u s m a x im u m e e n t re in E M o
,

o n ly n o r t he r li e s h a v e a

re la tiv e h ig h va lu e e e n tre a t th e u p p e r le ve l a t 1 1 5
O

E
.

T h e lo n g it u d in a l w id th o f t h e s o u t he r li e s

a n d n o r t he r lie s in E M 1 0 o 15 1 0 d e g r e e s w id e r t ha n th a t in E M O
.

V
.

C ON C LU SIO N S A N D D I S C U S SI ON S

I n s u m m e r
,

b e e a u s e of t he th e r m a ld iffe r e n e e b e t w e e n th e la n d a n d t he se a
,

t h e e o n tin e n t

15 t h e he a t s o u r e e a n d t he oc e a n 15 th e h e a t s in k re la t iv e ly
.

Fr o m t h e s im u la t io n r e s u lts it 15

fo u n d th a t t he o r o g r a p h ie u p lift s u b s ta n t ia lly s t r e n g th e n s th e e o n t in e n ta lfe a t u r e s o f t he u n d e r -

ly in g s u r fa e e
,

a n d in d u e e s m o re th e e ffe e ts of t he he a t son r e e s
,

to w hi e h th e e o n tr ibu t io n o f

th e la te n t he a t in g 15 o f firs t im p o r t a n e e
,

o f t he u n d e r lyin g s u r fa e e o n t he a t m o s p h e r e w it h th e

in e r e a s in g o r o g r a p hi e he ig h t s
.

A t la s t th e p r e s s u r e sy st e m s in t he hig h a n d t he lo w le v e l a tm o--
sp he r e a r e in t e n s ifie d

,

th e Po s it io n s fu r th e r s o u t hw a r d a n d t o w a r d th e in n e r e o n tin e n t
,

th e

pr e s s u r e g r a d ie n t in t he

So
u t h A s ia a n d t he E a s t A sia in e r e a s e s

,

b o t h th e s t r e n g t h a n d th e
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w id th o f the S o u the a s t A sia m o n s
oo

n in e r e a s e
.

A n d it e a u s e s the r a in fall in e r e a s in g a n d the

la n d s u r fa e e te m p e ra t u r e d e ere a s in g d ra m a t ie a lly o ve r the Q in g ha i
一
X iz a n g Pla t e a u

.

H o w e v e r
,

the b a s ie s tr u e tu re s o f the g e n e r a l e ir e u la tio n ha v e n o t eha n g e d fu n d am e n ta lly

w ith th e in e r e a s in g ele v a tio n
.

W he n th e E a s te r n H e m is p he r e o r
馆

r a p hy 15 sm o o th
,

the s o u th
-

w e s te r lie s in So
u t h A sia a n d th e s t r o n g e r d efl e e tiv e so u th e r lie s t o th e e a s t o f the Pla t e a u a r e

s till e x is tin g
.

T he e ir e u la t io n sy s te m s in the N o r the r n H e m is p h e r e ha v e a tw o 一

w a v e z o n al

s tr u e t u r e w hie h 15 v e ry a g re e a ble w ith th e tw o 一

w a v e z o n a l d is t r ib u t io n o f t he la n d a n d t he s e a
.

It 15 p r o v e d tha t the la n d
一s e a d is tr ib u tiv e p a tt e r n 15 the d e e is iv e fa e to r in fo r m in g the m od

e rn

g e n e r a l e ir e u la t io n p a t te r n u n d e r th e fix e d r a d ia t io n fo r e in g
.

T he s t u d ie s o f th e g e o lo g ie h is t o r y p r o v e d th a t the Q in g ha i
一

X iz a n g Pla t e a u t r u ly u p lift s

s t e p b y s t e p
,

g ro w s o u t o f n o thin g
,

fr o m lo w e r to h ig h e r
.

B u t it 15 im p e r fe e t t o sim u la t e the

elim a t ie s t a tu s in the g e o lo g ie a g e o n ly a e e o r d in g t o t he Q in g h a i
一

X iz a n g P la te a u e le v a t io n d u r -

in g t h a t p e r iod (o the r p a r am e te r s fix e d )
,

a n d t o e o m p a re it w ith th e g e o lo g ie o bs e r v a t io n a l d a -

ta o f th e elim a tie e ha n g e s in th e N o r the r n H e m is p h e r e e o n t in e n t s in th e s a m e g e o lo g ie a g e
.

T h e e a u se 15 th a t fir s tly
,

fr o m the m id d le a n d la t e C e n o z o ie E r a w he n th e Q in g ha i
一

X iz a n g

Pla t e a u b e g a n to u p lift
,

the u n d e r lyin g s u r fa e e e o n d itio n s
,

s u eh a s the la n d
一 s e a d is t r ib u tio n

(d u e to th e r e g r e s s io n o r th e e o n tin e n t shift )
,

th e u n d e rlyin g su r fa e e alb e d o s (e s p e e ia lly in th e

Ie e A g e ) a n d the s e a s u r fa e e te m p e r a tu r e
,

h a ve g r e a tly eh a n 罗d b e s id e s the va r ia t io n s o f th e

o r o g ra p h ie h e ig h ts ; s e e o n d ly
,

d u e to th e eh a n g e s o f the e a r th or bita l p a r a m e te r s
,

th e s o la r r a -

d ia tio n ha s als o eh a n g e d (the r a n 罗 o f e h a n g e s o f th e so la r r a d ia tio n r e a eh in g th e t o p o f the a t
-

m o s p he re e x e e e d s 7 p e r e e n t be tw ee n th e p r e s e n t a n d 1 0 ka BP )
,

A ll the s e fa e to r s w o u ld p r o--

d u e e in flu e n e e s o n the g e n e r a l e ir e u la tio n a n d elim a t e eh a n g e s
,

5 0 th e s p e e ifie e a r th e n v iro n -

m e n t s sh o u ld b e e o n s id e r ed
,

e s p e e ia lly the la n d
一 s e a d is t r ib u t io n s d u r in g tha t p e r io d o f t im e

w h e n the Pa le oc lim a t e 15 t o b e s im u la te d
.
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