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T H E E FFE C T O F LA N D
一

S E A CO N T R A S T O N IN T E R A N N U A L

V A R IA B IL ITY O F T H E AS IA N M O N SO O N
‘

L U O H u ib a n g (罗会邦)

D eP a r tm e n t o f A tm 朋Phe r le S e一e n e e s
,

Z ho n g s h a n U n lv e r s ity G u a n g z h o u 5 1 0 2 7 5

R e e eiv ed Ja n u a r y 1 1
,

1 9 9 9 : r e v is ed A P r il 2 2
,

1 9 9 9

A B ST R A CT

V a lu e s o f the n e t ra d ia tive h ea tin g (Q R T ) at the t o p o f a tm o sp he re (T O A ) a r e d er iv ed fr o m the

s a te llit e习bse r v e d o u t g o in g lo n g w a v e r a d ia tio n (O L R ) a n d the T O A sh o r t w a v e n e t irr a d ia n e e

(S H T ) for th e r eg io n o f th e T ibeta n Pla tea u a n d su r r o u n d in g a r e a s
·

(4 0
0

5 一 4 0
o

N
,

o 一 1 8 0
O

E ) an d t he

p e r iod
o f

mon
th s fr o m Ja n u a r y 1 9 7 9 t o D e e e m be r 1 9 8 8

.

T he an o m a lo u s Q R 7
,

(Q R T A 一 in r e la tio n t o

the in t e r a n n u a lv a r iab ility o f A sia n m o n s
oo

n 15 d ise u s s ed
.

Q R T A fo r t he e a r th
一a tm o sPh e r e s ystem in

the d o m ain m a y b e lin k ed t o the th e r m a l e o n t r a s t s be tw ee n e o n tin e n t s a n d o e e a n s a n d b e tw e e n the

p la tea u a n d s u r r o u n d in g fr ee atm o sp h e r e
.

Ke y w o r d s :
m o n s o o n

,

in t er a n n u a l v ar ia tio n la n d
一se a e o n t r a s t

1
.

IN T R O D U C T ION

In re e e n t y e a rs s o m e e ffo r ts (e
.

9
. ,

Y a n a i a n d L i 1 9 9 4 ; Y a n g 1 9 9 6 ) h a v e b e e n p u t in t o

t he to p ie o n s n o w
一

m o n s o o n 一

E N SO a ss o e ia t io n s in o rd e r to p ro v id e b e tt e r u n d e r st a n d in g o f

re g io n a l a n d g lo b al elim a te eha n g e s
.

R e s e a r ehe s o n m o n s o o n 一

E N S O rela t io n sh ip (Y a s u n a ri

1 9 9 1 ; W e b
s te r a n d Y a n g 1 9 92 ; H u a n g a n d F u 19 9 3 ) e o n e e r n t he a ir

一 se a in te r a e t io n
,

o n t he

o t he r h a n d
,

r e s e a r e h e s o n s n o w
一

m o n s o o n re la t io n s hip (Ba r n e tt e t a l
.

1 9 8 9 : Z ha n g e t a l
.

1 9 9 1 ; L l a n d Y a n a i 1 9 9 1 ; L u o H u iba n g 1 9 95 ; C he n e t a l
.

1 9 9 5 ) e m p ha s iz e th e r o le o f la n d

p r o ee ss e s
·

S o m e in v e s tig a to r s (L i 1 98 7 : S u n a n d S u n 1 9 93 ; L u o Y o n g 1 9 9 5 ) re la te d th e e o ld

s u r g e (w in te r m o n s o o n ) to the A ia n s u m m e r m o n s o o n / E N SO
.

BO th E N SO a n d s n o w
一e o v e r

/
e o ld

一 s u r g e a r e lin k e d to tl
le A sia n s u m rn e r m o n s o o n v a r ia bility

.

It ha s
lo n g b e e n r e e o g n lz e d tha t th

e
m a ss iv e m o n s o o n e lre u la t io n s in tr o p ie a l a n d

s u b tr o p ie a l la titu d e s a re d r lv e n by the s e a so n a lly r e v e r si n g ho r iz o n t a l te m p e r at u r e g r a d ie n t s

im Po s e d u Po n th e t r o Po sP he re by t h e d is tr ib u t io n o f e o n tin e n t s a n d o e e a n s (W
a lla e e a n d H o b b s

1 9 7 7 )
.

F r o m the a bo v e 一m e n t io n e d s n o w
一

m o n soo n 一

E N SO a s so e ia tio n s
,

it 15 s Pe e u la te d th a t the

in te r a n n a u l
v a r ia tio n s o f th e m o n soo n e ire u la t io n 、 m

a y a l
s o b e in fl

u e n e e d by tho la n d
一、

ea

e o n tr a s ts : t h e in te n s it y o f t he t he r
m a l

e o n t ra st e h
a n g e s in d iffe

re n t y e a rs
.

T he p u r p o s e o f t his pa p e r 15 to s h o w t ha t t he n e t r a d ia tiv e he a t in g (Q R T ) a t th e to p o f

th e a tm o s p h e r e i
.

e
,

t h e n e t th e r m a lfo r e in g o n th e u p p e r b o u n d a r y o f the o e e a n 一a tm o sp he re -

la n d s ys te rn e a n b e u s e d to d e se rib e the la n d
一 se a the r

m a l e o n tr a , t to a eo n s id e r a ble d e g re e
.

M o r e o v e r
,

it w ill be sho w n t ha t th e t im e v a rla tio n s o f Q R T a re e lo sely r ela te d to the

T he r ese a r e h 15 s u p p o r red b y “
N a rlo n a l K ey Pr o g r a m m e fo r D e

ve lo p in g B a sie Se ien e es ” G 1 9 9 8 0 4 0 9 0 0

Pa r t 1
.
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一

S E A C O N T R A S T O N A SIA N MO N SO O N 2 0 1

in t e ra n n u a l v a r ia b ility o f t h e A s ia n m o n s o o n
.

In S e e tlo n 11
,

t he d a ta a n d a n a ly s is Pr o e e d u re s

a r e d e se r ibe d
.

T h e h o r iz o n t a l d ist r lb u tio n a n d the t im e v a ria tio n o f QR 叮
,

a r e d is e u s se d in

S e e t io n s 111一 V w ith e ffo r ts foc u s e d o n the s e e s a w o se illa tio n o f a n o m a lo u s Q R T b e tw e e n

c o n t in e n t s a n d o e e a n s o n t he in t e ra n n u a
l tim e se a le

.

S e e t io n V l 15 d e v o ted to t he in t e ra n n u a l

re la t , o n s hip b e t w e e n QR T a n d th e A sia n m o n soo n
.

C o n e lu s io n s a n d d is e u ss ion a r e g iv e n in

S e e tio n V ll
.

11
.

D A T A A N D A N A LY S IS PR O C E D U R E S

A s
rn

e n t io n e d in th e in tr o d u e t io n
,

the n e t r a dia t iv e he a t in g a t t he to p o f the a t m o s p he r e
,

QR T
,

15 u se d in t his w o r k
.

T h e re a so n fo r QR T t o b e eho s e n to s tu d y the in t e ra n n u a l

v a r ia tio n o f th e A s ia n m o n s

oo n 15 g iv e n in A p p e n d ix
.

Q R T 15 e o m p u te d by

Q R T = SH T 一 O L R
,

(1 )

w he re OL R 15 t he s a t e llit e 一o b s e r v e d o u tg o in g lo n g w a v e ra d ia t io n
.

S H T the s h o r t w a v e n e t

ir r a d ia n e e a t t}i e t o p o f t he a t m o s p he r e
.

T he d a ta s e t a n a ly
z e d in t his s tu d y e o n s is t s o f m o n t hly

m e a n v a lu e s o f OL R a n d S H了
.

in th
e

d o m a in o f (40
0

5 一 4 0
0

N
,

o 一 1 8 0
0

E z fo
r th e pe riod o f

19 7 9 一 1 9 8 8
.

T h e
m o n th ly m e a n d a ta a re t he n u s e d to e x a m in e th e s Pa tia l a n d te

m Po r a l

v a r ia tio n s o f Q R T in t h e A sia n m o n soo n r e g lo n a n d s u r r o u n d ln g a r e a s
.

T he m a in r e s u lt s o f t his Pa Pe r a r e b a s ed o n o n e 一Po zn t e o r r e la tio n s ta tist ie s a n d e m Pir ie a l

o r th o g o n a l fu n e t io n a n a ly
s is

.

T he s e a n a ly
s is m

e thod s ha v e
b

e e n e x te n s iv e ly u se d a n d

d oc
u
m e n te d in m a n y s tu d ie s a n d n e e d n o t b e d e s e r ib e d he re

.

川
.

H O R IZ O N T A L D IST R IB U T IO N O F QR T

Fig u r e 1 sh o w s th e d is tr ib u tio n o f t he 1 0
一
y e a r a v e ra g e d QR T

.

It 15 5 ‘e n fro m t he fig u r e

tl飞a t the la r g e v a
lu e s o f Q R T a r e si tu a te

d in e q u a to r ia l a r e a s d u e to la r g e r v alu e s o f SH 了
,

a n d

sm a lle
r v a lu e s o f O L R

.

A Po s itiv e e e n te r o f Q R T 15 a ls o fo u n d o v e r t he T ibe t a n Pla te a u d u e to

lts hig h e le v a t io n
,

th u s lo w s u rfa e e te m p e r a t u r e s a n d s
m a ll v alu e s o f O L R

.

O n th e o the r ha n d
,

n e g a t iv e e e n te r s o f Q R T a re lo e a t e d o v e r t he d e s e r t a r e a s d u e to h ig h e r s u r fa e e t e m p e ra tu r e
,

4 0 o

N

20

2 0
0

5

4 0

2 0 6 0 1 0 0 14 0 O E

Fig
.

1
.

1 0
一ye a r m e a n Q R T

,

1 9 7 9 一 1 9 8 8
,

u n it W m 一 2
.
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2
.

D e v ia tio n o f 1 0
一y e a r m e a n Q R T fr o m z o n al m e a n (Q R 了

’

D )
.

U n lt :

W m 一 2 .

t h u s
la

r g e v a lu e s o f O L R
.

In o rd e r to r e v e a l th e e
ffe e t o f th e l

a n d
一s e a e o n t r a s t o n t h e d is t r ib

u t io n o f QR T th e

d e v ia t ion fr o m la t it u d in a lm e a n
,

QR 了
,

刀
,

15 e o m P u t e d a n d s h o w n in Fi g
.

2
.

I t e a n b e se e n fr o m

t h e fig u r e t ha t z e r o 一e o n t o u r s ( n e g a tiv e v a lu e s a r e s
ho w n w it卜 d a sh e d lin e s ) a lm o s t e o in e id e

w ith e o a s tal li n e s o f A fr ie a
,

A u s t r alia
,

A ra b ia n P e n in su la e t e
.

T h e r e e x i s t p o s it iv e v a lu e s o f

QR T D i n o e e a n ie r e g io n s ,

a n d n e g a t iv e o n e s o v e r e o n t in e n t s e x e e p t th
e T ib e ta n Pla t e a u w h

e r e

s e n s ibl
e

h
e a t t r a n sp o r t o u tw a rd p r e v a il

s .

T h e p o si t iv e ( n e g a t iv e ) v a lu e s o f QR T D o v e r o e e a n

化o n t zn e n t ) m a y be m a zn ly d u e t o th e fa e t th a t r el a t lv e ly oc
e a n ie r e g i o n 15 th e s o u

rc
e r e g io n o f

, e n s ib le a n d la t e n t h e a t
,

w h ile t h e e o n t i n e n t 15 t h e s in k
r e g io n ( e f

.

E q
.

〔4 ) i们 A p p e n d i x )
.

T h e r e e x is t n e g a t iv e v a lu e s o f Q R T D o v e r m o n s o o n r a in a r e a s o f I n d ia a n d C h i n a in s u
tn m

e r

( n o t s ho w n ) o w in g t o t h e s a m e r e a s o n
.

I V
.

O N E 一PO I N T C O R R E LA T IO N M A P O F Q R T A

T h e t e m Po r a j v a r ia t i o n s o f Q R 7
’

a r e d is e u s s e d in t h is s e e r io n
.

Fi rs t t h e a n o m a lie s o f t h e

n i o n t hly m e a n Q R T (h
e r e a

ft e
r r e fe

r r e d t o a s QR T A ) a r e e o m p u t e d a 、 the d e v ia t i o n f
r o m tl、e , r

1 0
一y e a r m e a n m o n t hly v a lu e s .

T o e x a m in e e ha r a e t e r is t ie s o f i n t e r a n n u al v a r i a t io n s , s t a n d a r d

d e v i a t i o n s o f Q R T
J

4 a r e th e n e o m p u t e d
.

T h e r e s u lt s a r e p lo t t e d I n F ig
、

3
.

L a r g e in t e r a n n u a l

v a r i a b ilit y 15 m o s t ly e o n fi n e d i n th e s u b t r o p i e a l o e e a n ie r e g i o n s o f th e S o u t h e r n H e ru is p h e r e

e e n t e r e d t o t h e w e s t o f s o u th e r n A fr i e a a n d A u s t r a lia
.

T h e r e a lso e x i st s la r g e in t e ra n n u a l

va
r i a bli ty in t h e r e g io n s o u th o f Y a n g t z e (Ch a n g ji

a n g ) R iv e r a n d th
e w e 、t e r n T ibe t a n P la t e a u

.

R e la t io n s h ips o f Q R T zl (t h e v a r la t io n s o f QR T ) in d iff
e r e n t r e g io n s a r e e x a m i n e d by

e o rn p u t in g e o r r e la t io n e o e ffie ie n t s be t w e e n a ll g r ld p o in t s I n th e a n a ly s ls d o m
a ln

.

D iffe r e n t g r ld

p o in t s h a v e b e e n e h o s e n a s r e fe r e n e e p o ln t s
,

in e lu d in g s t a n d a rd d e v ia t io n e e n t e r s sh o w n i n

Fig
.

3
,

r e s u lts in all e a se s sho w th e sa m e o u t st a n d in g fe a tu r e o f se e sa w o s e illa t io n b e tw e e n

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

F lg u r e 4 p r e s e n t s t h e s im
u
lt a n e o u s e o r r e

l
a t io n s o f QR T A b e tw e e n

r e fe r e n e e p o iri t o f 3 0
o

N
,

8 5
O

E a n d a
ll o th e r g r id p o zn ts (2

.

5
0

x 2
.

5
0

) in th e a b o v e 一m e n t zo n e d

d o m a ln fo r 1 20
一

m o n t h p e r lo d fr o m J
a n u a r y 1 9 7 9 t o

De
e e
m be r 1 98 0

.

T h e z e r o e o r r e la t lo n
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Fig
.

3
.

S t a n d a r d d e v ia t io n s o f QR T A
,

C o n t o u r in t e r v a l 15 2 a n d r e g io n s la r g e r tha n 1 4 a r e sh a d e d
.

4 0
O

N

:
11厂l,才,

答
厂

缸军匆口
烤 ⋯鬓黝

2 0 万 1

臂
少:

一 ‘

几飞

护 沪 ~ 、

J _ , -

一

产 一 _ 砂 l一

2 ()
0

5
_ 七 _ _

_

一 5 0 、 、 粉
-

一、 , 产 、

_ _ 一 _

i
4 0

、

七
2 0 4 0 6 0 80

F19
.

4
.

C o r r e la tio n m aP o f Q R T w ith r e fer e n e e

e
oe ffie ie n t s m u ltip lied b y 1 0 0

.

p oin r a r 8 5
o

E
,

3 0
O

N
.

C o n t o u r s s ho w eo r r e la tio n

e o e ffie ie n t e o n t o u r s a l, 0 n e a r ly d e p ie t t he e o a s ta l lin e s o f e o n tin e n ts o f A friea
,

A u s tr a lia a n d

A s ia
.

T his e le a r ly s ho w s the s e e s aw o s e illa t io n b e t w e e n e o n t in e n t s a n d s u r ro u n d in g oc ea n s
.

T o s e e th
e tim

e se a l
e o f t he s e e s a w o s e illa t io n

,

the tim
e s e r ie s o f QR T A a n d the ir 1 3 -

m o n th r u n n in g m
e a n a t the g r id p o in ts fo r t he T ib e ta n Pla t e a u a n d M a s e a r e n e a r e s h o w n in

F 19
.

5
.

W
e se e fr o m th ls flg u r e th a t t he o p po s it e s lg n r e la t io n sh ip 15 e le a r e x e e p t fo r the ye a rs

19 8 7一 1 98 8 d u e to v e r y s
m

a ll a m p litu d e o f t he M a s e a re n e titn e s e r ie s d u r in g the s e tw o y e a r s
.

It 15 a pp a re n t t ha t a 4
一
y ea r q u a s i

一
p e r io d ie

a n a
ly

s is s
ho w s a k

e y p e r io d o f 4 3 m o n ths
.

v a ria t io n 15 pr e s e n t in rhe tim e s
eri

e吕
.

T he sp e e t那l

T he s e fe a t u r e s o f th e o n e 一
p o in t e o r r e la tio n w illb e fu r th e r e x a

m in e d by u s in g E O F a n a ly s is
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in t he n e x t s e e t io n
.

V
.

E MPE R IC A L O R T H OG O N A L FU N CT IO N S (E O F ) O F Q R T A

T o s e e h o w m a n y Pe r e e n t o f t he to ta l v a r ia n e e o f the t im
e s e r ie s Q R T A e a n b e e x p l

a in e d

b y th e s e e s a w p a tt e rn s
,

th e E O F a n a ly s is 15 a p p lie d
.

R e s u lts a re s h o w n in F lg s
.

5 一 6 fo r t h e

f, r s t a n d se e o n d e ig e n v e e t o r s (E O F I a n d E O FZ )
.

E O F I a n d E O FZ e x p la in a b o u t 3 3 %
a n d

8%
,

r e s p e e tiv e ly
,

o f th e to ta lv a r ia n e e o f t he t im e s e r ie s
.

T he la n d
一

oc e a n s e e
sa w Pa t te r n fo u n d in th

e s p a tia
l

s t ru e t u re o f E O F I (F ig
.

6a ) is a

r e m a r k a ble fe a tu r e
,

w h ie h 15 r a t he r lik e t ha t o b t a in e d e a r lie r fr o m t h e o n e 一
Po in t e o r r e la tio n

m
a p (Fig

.

4 )
.

P o s itiv e a n o m
a lle s a r e fo u n d m

a in ly in o e e a n le a r e a s
,

w hile n e g a tiv e o n e s o v e r

e o n tin e n t s a n d e v e n is la n d s lik e M a d a g a s e a r a n d S u m a tr a w it h e e n t e r s lo e a te d a t d e se r t a n d

p la te a u a r e a s
.

T h
e so lid lin

e d e p ie te d In Fig
.

7 re pr e s e n t s th e p r in e ip a l eo m p o n e n t t im e s e r le s

fo r E O F I
.

It e a n b e n o te
d in Fig

.

7 th
a t th

e a ss o e ia te d s e e s a w o s e ill
a t io n in E O F I s h o w s it、

la rg e st a m Plit u de in the t im e Pe r io d a ro u n d 19 8 0 一 1 9 8 1 s im 且
a r to t h a t fo r

QR 了谧
s
ho w n in

Fig
.

5
.

T h e h o r iz o n ta l s tr u e tu r e in E O FZ (Fig
.

6 b ) 15 d o m in a t e d by a n o rt h
一 so u th o r ie n te d w a vy

p a tt e r n to th
e e a s t o f 6 0

o

E a n d a ra t he r e o m p lie a te d fe a tu r e to th e w e s t
.

T h e p o s itiv e a n o m a ly

15 fo u n d in a b a n d b e tw e e n 20
0

5 一 2 0
o

N s tr e te hin g fr o m the In d ia n O e e a n in to t h e w es te r n

Pa e ifie w it h n e g a t iv e o n e lo e a t e d to it s s o u th a n d n o rt h
.

B u t the r e e x is ts a p o s it iv e e e n t e r o v e r

the T ib e ta n Pla te a u s u rr o u n d e d by n e g a t iv e a n o rn
a ly a re a s

.

A n o tie e a b le fe a t u re rs fo u n d 一n

n o r th w e s t pa r t o f t h e a n a ly s is do m
a in

,

w h e r e po s itiv e e e n te r s a lte r n a tin g w it h n e g a t iv e o n e s o n

r a the r s m a ll
s e a le

.

In t he N o r th e rn H e m is Phe r e
,

th e a b o v e 一

m e n t lo n e d fe a tu r e s se e m to b e als o

in flu e n e e d by the la n d
一s e a e o n tr a s t a n d to p o g r a p h y to s o m

e e x te n t
.

T he a n o m a lie s a re p o sltiv e o v e r th e T ib e ta n Pla te a u a n d n e g a tiv e in the s o u th
e r n In d ia n

O e e a n in t he o n e 一 p o in t e o r r e la t io n m a p o f Q R T A (Fig
.

4 )
.

T h e sa
m

e o p p o s ite 一 sig n a n o m a ly

d ist r ib h tio n s b e tw e e n t h e T ib e ta n Pla te a u a n d t he s o u the rn In d ia n O e e a n a r e o b s e r v e d a ls o in

4 0

0

因一已沙

�曰曰
l,仲

一 4 0

l 2 24 3 6 4 8 60 7 2 8 4

1 9 7兮 19 8 2 1 9 8 5

9 6 1 0 8 1 2 0

1 9 8 8

Fig
.

5
.

T im e s e r ie s o f QR T A o v e r T ib e t (s ol id ) a n d M a s e a r e n e (d a sh e d >
,
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5

汽 一
O

一二几
-
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�
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留 :

、

4 0 千
;
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E

F ig
.

6
.

Sp a t ia l s t r u e t u r e o f t he E O F I ( a ) a n d E O F Z ( b )
.

C o n to u r v a lu e s h a v e b e e n m u lt ip lie d b y 1 0 0
.

..’ 一 , ~
·

, ~ ·~ .. ~ ..’ ~ ~ ~ ~

、 尸 、

,1,白

一一

!
一

l\
一

l11FOE

一 3

一 4

12 2魂 3石 4 8 6O 7 2 8 4 9 6 1 0 5 1 2 0

1 9 7 9 1 9 8 2 1 9 8 5 1 9 8 8

Fig
.

bo th

S e e fl

7
.

T he tirn e s e r ie s o f E O F I (s o lid ) a n d E O F Z (d a sh e d )
.

U n it o n o r d in a t e ha s
be en d iv id e d by 1 0

.

E O F I a n d E O F2
.

fr o m Fig
.

7 t ha t

T h e t im e s e r ie s for E O F Z 15 s h o w n by th e d a s h e d lin e in Fig
.

7
.

t h e a m p li t
u
d e 15 v e ry w e a k i n th e p e r ied o f 1 98 0 一 1 9 8 1 w he n

It 15

t h e
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.

1 4

a m Plitu d e fo r E O F I e o m
e s to lt s m a x im

u
m

.

T h u s
,

E O F I e o n tr ibu te s
fn u e h to t h e se e sa w

o se illa t io n
.

o n t he o t he r h a n d
,

1 9 8 5 t o 1 9 88 (Fig
.

7 )
.

e o n tr ib u t io n fr o m E O FZ 15 m o re im Po rt a n t in t he Pe r io d fr o m

V l
.

R E L A T IO N S H IP B E T W E E N T H E IN T E R A N N U A L V A R IA T IO N O F Q R T A A N D T H E

IN T E N SIT Y O F T H E A S IA N MO N S()(〕N

It ha s b e e n re vie w e d in the in tr o d u e t io n se e t io n tha t th e m o n s o o n itse lf 15 g o v e r n e d by the

la n d
一 s e a t h e r

m
a
l

e o n tr a s t
.

A n d it ha s
b

e e n m
e n t io n e d in S e e t io n s 111一 IV t h a t th

e in t e r a n n u a l

v a r ia t io n in QR T A sh o w s a s e e s aw o s e illa t io n Pa tte r n b e tw e e n e o n tin e n t s a n d o ee a n s
,

in d ie a tin g th e im p o r ta n e e o f Ia n d
一s e a e o n tr a s ts

.

T h u s t he in te r a n n u a l v a ri a bility o f th e

rn o n s o o n m a y a l
s o b e e o n tr o lle d by the la n d

一 s e a e o n tr a s t
.

T he t o Pie w ill be d is e u s se d in t his

Se C tlo fi
.

L i a n d Y a n a i (1 9 9 6) lis te d f
o u r in d le e s t o m e a su r e t h

e in t e n s it y o f th e
A

s ia n su m m e r

m o n s o o n
.

T w o o f t he m w e r e e

on s ide re d to r e Pr e se n t th e in t己n s it y o f the b
r o a d s e a le m o n so o n

e rr e u la t io n
.

T he third o n e
,

th e O L R in d e x
,

w a s d e fin e d a s the m e a n O L R a v e r a g e d o v e r S o u th

A s ia
,

b
e e a u se the O L R flu x e a n b e u se d t o d e fin e th e in t e n s it y o f e o n v e e t io n a s s o e ia te d w ith

t he s u m m e r m o n s o o n
.

T he la st o n e 15 s u m m e r 一

m o n t h p r e e ip ita t io n a m o u n ts a v e r a g e d o v e r the

In d ia n su b
e o n tin e n t

.

T h e y p o in te d o u t t h a t t he e o rr e l
a tio n s a m o n g fi

r s t t h r e e in d ie e s a re
fa ir

ly

s tr o n g
.

Fig u r e 8 s ho w s t he e o m pa r iso n o f th e OL R in d e x a n d t he t im e s e rie s o f Q R T A

d ise u s s e d in S e e tzo n IV
.

T he b e h a v zo r s o f 〔〕L R in d e x a n d Q R T A a r e fo u n d to b e r a th e r

s im ila r
.

Q R T A 15 a lso e o r r e la te d w ith th e W Y in d e x a lth o u g h n o t 5 0 w e ll a s O L R in d e x
.

T h u s

p o s ztiv e (n e g a t iv e ) QR T A in the T ib e ta n Pla t e a u (M a s e a r e n e ) e o r r e s po n d s t o a e tiv e S o u th

A
sia n rn o n s o o n

,

a n d v is e v e r s a
.

6 0

, ‘

4O

.。
吕肖、一习!
J
!

州|�认日1
.

。�甲已详

一 2 0

一 4 0

1 2 2 4 3 6 4 8 6 0 7 2 84 9 6 工0 8 1 2 0

1 9 7 9 1 9 8 2 1 9 8 5 1 9 88

F ig
.

8
.

T lm e s e r ie s o f s u m m e r m e a n a n o m aly o f OL R in d e x

a n d Y a n a i 1 9 9 6 ) a n d O R T A o v e r M as e a r e n e (d as he d )

(s o lid ) a n d W Y i n d e x (t h ie k d a sh e d ) ( L x

1 9 79 一 1 9 8 8
.
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60 8 O 12 0 14 0 1 60
O

E

加。辛100

T h e 1 2
一m o n t h m e a n a n o m a lie s o王Q R T

一

1 9 8 0
.

T h e y e a r 1 9 8 0 s h o w 、 u p a s o n e o f t h e 、t r o n g m o n s
oo n y e a r s i n b o th OL R i n d e x a n d

Q R T A
.

Fig u r e 9 lllu
st r a t e s t h

e d is t r ib
u t i o n s o f th e m e a n QR T A a v e r a g e d i n th e y e a r 1 98 0

.

C o rn Pa r e d t o t h e o n e 一Po in t e o r r e la t io n m
a P o f Q R 7

’

A
,

t he e

om m o n fe a t u r e o f PO
s it iv e

a n o m
a lie s o v e r e o n t i n e n t s a n d n e g a t iv e o n e s o v e r o e e a n s 15 e v id e n t

.

M o r e o v e r ,

th e s t ru e t u r e

p a t t e rn r e v e a le d i n Fig
.

9 15 m u e h s im ila
r t o th a t i n E ( ) F I (F ig

.

6a ) d u e t o la r g e a m p lit u d e s

a r o u n d 19 8 0 for E O F I
.

A 、
tu e n t i o n e d a b o v e

,

E O F I 15 th e m a io
r e o n t r ib

u t o r t o th e ill t e r a n n u a l

v a r ia t io n in QR T A d u r i n g t h e t irn e p e r io d
a r o u n d 1 9 80

.

Fig u
re 8 r e v e a ls th e e lo s e r e la t zo n s h ip b e t w e e n Q R T

孟

4 a n d m o n s o o n i n t e n s l ty
.

1
’

h u s
,

Q R T A
一

rn o n s o o n a s s o e i a t io n p ro v id e s u s a n a lt e rn a t i v e a p p ro a e h fo r th
e Pr e d ie t i o n o f th e A s ia n

m o n s o o n
,

t h e rn t e n s ity of th e s u m m e r
m o n s o o n m a y b e I n fe r r e d in p re e e d in g w i n t e r 一 s p r i n g In

t e r
m s o f th e t im e s e r i e s o f m o n thly m e a n QR T 八

.

V ll
.

S U MMA R Y A N D D I S CU SS IO冈

F r o rn a b o v e 一d i se u s s e d sp a t ia l a n d t e m po r a l v a r ia t io n s
of Q R T t h e m a jo r fi n d in g s o f th i s

w o r k a r e s u m m a r i z e d a s fo llo w s :

( 1 ) T he a n a
ly s e s o f t h e ho r i z o n t a ld ist r ib u t i o n s o f th

e 1 2 0
一

m o n t h m
e a n QR T D (d

e v ia t i o n

f
r o m

z o n a lm
e a n ) fo

r th e p e r iod o f 1 9 79 一 1 9 8 8 e le a r
ly r e v e a l the d e p e n d e n e e o f QR 7

,

D o n th e

la n d
一 s e a e o n t r a st

.

( 2 ) T h e o n e 一

Po in t e o r r e la t io n e o rn p u t a t i o n s o f t h e rn o n thly rn e a n Q R T 八 ( a n o rn a ly fr o m

10下 e a r
m e a n ) i n th e p e r i o d f

r o m J
a n u a r y 1 9 7 9 t o D e e e m b e r 1 9 8 8 fo

r the r e g io n f
r o rn 0

0

e a s t w a r d t o 1 8 0
0

E a n d fr o m 4 0 0

5 t o 4 O
O

N s
ho w r e m a r

k
a
bl

e s e e s a w o s e ill
a t i o n b e tw e e n oc e a n s

a n d e o n t i n e n t s w it h a k e y p e r i o d o f a b o u t 4 3 rn o n th s
.

( 3 ) T h e , e e s aw o s e zlla t i o n 15 c lo s e ly r e la t e d t o th e in t e r a n n u a l v a r ia t i o n o f th e A s i a n

s u m m e r m o n s o o n
.

Po s iriv e ( n e g a t iv e ) Q R 7
,

月 in t h e T ibe t a n Pla t e a u (M a s e a r e n e ) r e g io n

e o r r e s p o n d s t o a e t iv e S o u th A s ia n m o n s o o n
,

a n d v is e v e r sa
.

T h u s n o t o n ly A sia n m o n so o n

i t se lf b
u t a ls o it s in t e r a n n u a l

v a r ia t io n 15 g o v e r n e d by th
e

la n d
一 s e a e o n t r a s t

.

( 4 ) T h e in t e n s lt y o f t h e A s la n s u m m e r tn o n s oo n m a y b e p r e d z e t e d in p r e e e d in g w in t e r -
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.

1 4

sp r in g in t e rm
s o f th e t im e s e r ie s o f m o n t hly m e a n QR T A b a s e d o n t he e lo

se r e la tio n s h lp

b e tw e e n Q R 了
,

月 a n d m o n s o o n in te n sity
.

It h a s b e e d e m o n s tr a t e d in t his st u d y th a t the v a r ia b ility o f th e A s ia n

mo
n s o o n 15 e lo s e ly

a ss o e ia te d w ir h t he v a ria b llit y o f Q R T A w hieh 15 in flu e n e e d by t he la n d
一s e a e o n tr a s t

.

()n th e

o th
e r

h
a n d

,

it e a n b
e 、e e n f

r o m E q
.

(4 ) in A p p e n d ix t ha t QR T
,

t he n e t ra d ia t iv e he a t in g a t

t he to p o f t he a trn o s p he re (1
.

e
.

th e n e t t旋
r
m a l fo

r e in g o n th
e u p p e r b o u n d

a r y o f th e

oc e a n -

a tm o s p he r e 一la n d s y st e
m )

,

15 g o v e r n e d by th e s e n s ib le a n d la te n t h e a t flu x e s F A s
,

F o a n d F A L 一n

t he a tm o s Ph e re a n d oc
e a n fr o m th e e ll

m
a te s y st e

m
.

A n d t h e flu x e s F A s
,

F o a n d F A L a n d a re

elos
e
ly r e la te d to th e s u r

f
a e e e o n d itio n SS T a n d

s n o w
一e o v e r

.

T h is s u g g e s ts t ha t b o th la n d

p r o e e ss e s a n d the a ir
一s e a in te r a e tio n a re im p o r ta n t fo r the d y n a

m ie o o f th
e

m o n s o o n e
lim

a te
.

T h u s t he w o rk o n QR T
一

SS T
一s n o w a ss o e ia t io n s n e e d s to b e d o n e t o Pr o v id e b e tte r

u n d e r s ta n d ln g o f the in te ra n n u a l v a r ia b ilit y o f th e A s la n m o n so o n a n d
,

m o r e o v e r
,

t he E N SO
-

S n 0 W
一 n 1 0 fl S O O ll a S SO C la t 10 fl S

.

A P PE N D IX : T H E IMP LICA T IO N O F Q R T

Ti m e 一a v

era 罗d th e r m 浏yn a m jo eq u a tio n s fo r the a tm o s p he re a n d fo r the o e e a n o n d th e m oi s tu r e b ala n e e

e q u a tio n fo r th e a tm o s p he r e e a n b e w r it t e n r e s p e e t iv ely a s

d i刃 F A S = Q R T 一 QR S + H S + L P
,

(l)

d iv F (〕一 Q R S 一 H S
一

L E
,

(2 )

d ; 刃 F
人 L

= 一 L (P 一 E )
,

(3 )

w he r e Q R T a n d Q R S a r e th e n e t r a d ia tiv e e n e r g y flu x e s p e r u n it a r e a a t the t o p a n d s u rfa e e
,

P a n d E the

a m o u n t s o f P r ee ip it a tio n a n d e v ap o r a t lo n Pe r u n lt a r e a a t the s u r fa e e F 人 5 a n d F () the ho r iz o n t al s e n s ible he a t

flu x e s p e r u n it a r e a in th e a rm o s p he r e a n d o e ea n r e sp e etiv e ly : F A z
_

15 the ho riz o n t a l la t e n t h ea t flu x p er u n it

a r e a in t he a tm o s p he r e
,

d 洲 th e n o ta tio n fo r th e d iv e r g e n e e
,

L th e la t e n t he a t o f e o n d e n s a t io n
,

H S th e

s en slble he a r flu x p e r u n it ar e a a t the s u r fa ee
.

A d d in g (1 )
,

(2 ) a n d (3 ) y ield s

d z钊 (F 、S + F (〕 + F
A I

) = Q R T
.

(4 )

C o n s zd e r in g s t o r a g e t e r m s
,

(4 ) e a n b e w r it t e n a s

d iv (F
人 S + F o + F

A
) = Q R T 一 (S , S + S

A I
_

+ S 。) + S
: 。

)
.

(5 )

T h e la s t t e r m o n th e r ig ht
一

h a n d sid e o f (5 ) s t a n d s fo r the s t o r a g c o f h e a t am o u n t in a tm o sp h e r e
,

o e o a n

a n d la n d
.

It e a n b e s e e n by in t e g ra tin g (4 ) ho r iz o n t a lly fo r a r e g io n th a : rhe t r a n sp o r t o f s e n s一b le (la te n t ) h e a t

o u tw ard (in w a rd ) fr o m th e r eg io n fo r th e lo n g 一 term m e a n 15 g o v e r n e d by Q R T 1
.

e
.

the n e t the r m a l fo r ein g

o n th e u p p e r b o u n d a r y o f the r e g io n
.

F o r e x a m p le
,

if th e rn o n s o o n r a in r e g io n 15 ta k e n a s the d o m a in
,

the n

In flo w (o u tflo w ) o f th e la te n t he a t eo r re sp o n d s t o n e g a tiv e (p o sitive ) Q R 了
, .

T hu s a n o m a lo u s QR T ea n b e

u s e d ro d e sc r lb e the v a r ia bility o f th e m o n so o n r a in fa ll
.

M o r e o v e r
,

r卜e s a te llit e一o b s e r v ed d a t a m a y b e the o n ly

v a lid d at a fo r r es e a r eh e s o n m e te o r o lo g y o v er a lar g e d o m a in in elu d in g m o u n t a ln o u s a n d o ee a n ie a re a s
.

T h ese

a r e th e r e a s o n s fo r Q R T t o b e eh o s e n t o s t u d y rhe in t e ra n n u a l v a r ja tio n o f th e A sia n m o n s o o n
.

R E FE R E N C E S

B a r n e t t T
.

P二 D u m en il
.

L
. ,

Se hle se
,

U
. ,

R o ee kn er
.

E
.

a n d L a tif
.

M
.

(1 9 8 9 )
.

T he e ffe e t o f E u r a s ia n

s n o w e o v e r o n r e g io n a l a n d g lo b a le lim a t e v a ria t io n s
,

J
.

A t n : 0 5
.

S e i
. ,

4 6
:

6 6 1 一 6 8 5
.

C he n L o n g x u n
,

Mia o Q u n an d N iu Ta
o (1 9 9 5 )

.

Im Pa e t o f T ib e 七an sn o w eo v e r o n th e g e n e r a l e ir e u 王a rio n o f
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