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材二搜0 Ji an gy
u (毛江玉 )

,

G u o x io n g (吴国雄) a n d L IU Y im in (刘屹崛 )

L A S G
,

In s titu te o f A tm o sp h e rie Ph ys ie s
,

C h in e s e A ea d e m y o f S eie n e e s
,

B e iii
n g 1 0 0 0 2 9

R ee e iv e d O e t o be r 1 5
,

2 0 0 3

A BS T R A C T

B a se d o n the s tu d ie s in Pa r t l (s e e
M

a o e t a l
.

2 0 0 3 )
,

th is p a p e r fu r th e r e x a m in e s t h e

r e la tio n s h ip be tw e e n th e A s ia n s u m m e r m o n s o o n o n s e t a n d v a r ia tio n in m e r id io n a l p o s itio n o f t h e

w a rm te m p e r a t u r e r id g e w it h a z o n a l o rie n ta tio n in m id
一u p p e r t r o p o s ph e r e

.

D u r in g th e A sia n

m o n s o o n b u r s tin g c o n se q u e n t ia lly o v e r t he

Ba y o f B e n g a l
,

S o u th C h in a S e a
,

a n d S o u th A s ia
,

in

a d ditio n to t he r e v e r s a l o f w in d s in t he lo w e r a n d u p p e r tr o p o sp h e r e a n d d e ep e o n v e e tio n b e fo r e a n d

a fte r t he o n s e t
,

the at m o s p h e rie m e r id io n a l te m p e r a t u r e g r a d ie n t (M T G ) in t he v ie in it y o f t he

rid g e 一s u rfa e e o f s u bt r o p ie a l h ig h (W E B d e fin e d in P a r t l) e x hib its a s ig n ifie a n t r e v e r s a l
.

S in ee t he

e s ta b lis h m e n t o f tem p e r a t u r e s t r u e tu r e w it h hig h e r o v e r n o r t h th a n o v e r s o u t h o f th e
W E B in t he

m id
一u p p e r t r o p o sp he r e (2 0 0 一 5 0 0 hP a ) e ha r a e te r iz e s the e o lle e tiv e e s se n tia l th a t th e A s ia n s u m m e r

m o n s o o n b u r s t s o v e r d iffe r e n t a r e a s
,

th e
M T G in m id

一u p p e r tr o p o sp h e r e
,

b a s e d o n t he

th e rm o dy n a m ies a s s o e ia te d w ith th e s e a s o n a l t r a n s itio n
,

s h o u ld be a r e a s o n a b le in d e x to m e a s u r e

th e A s ia n m o n s o o n o n se t
.

T h e d e fin itio n fo r o n s e t d a te 15 p r o p o s e d a n d th e tim e s e r ie s o f o n s e t

ds te fo r diffe r e n t s e e tio n s a r e d e te r m in e d
.

A s e o m p a r e d w ith t he o n s e t d a te s d e te rm in e d b y o th e r

in die e s s u eh a s 8 5 0
一

hP a z o n a l w in d a n d O L R
,

eo r r e la tio n a n a lys e s in d ie a te t ha t th e 8 5 0
一

hP a z o n a l

w in d 15 o n ly r e g io n a l in d ex
,

bu t th e
M T G in d e x 15 a p p liea b le u n iv e r s a lly to th e A s ia n m o n s o o n

r e g lm e
·

K e y w o rd s : s e a s o n a l t r a n s itio n in d e x
,

m e r idio n a l te m p e r a t u r e g r a die n t W E B (w e s te rly
一 e a s te rly

bo u n d a ry )

1
.

IN T R O D U C T IO N

Y e e t a l
.

(1 9 5 8 ) p o in t e d o u t th a t th e r e a r e o n ly tw o n a tu r a l s e a s o n s w ith in a ye a r
,

n a m e ly w in t e r a n d s u m m e r
.

T h e a tm o s p he r ie e ir e u la tio n t r a n s it io n fr o m w in t e r to s u m m e r

p a t te r n s e x h ibits a b r u p t n e s s
.

T h e e ha n g e in s tr u e tu r e o f e a s te r ly a n d w e s t e r ly z o n e s in

u PPe r t r o p o s p h e r e w e ll r e fle e t s th e s e a s o n a l v a r ia t io n
.

E s s e n t ia lly
,

th is eh a n g e m e a n s the

s t r e n g th e n in g o r w e a ke n in g o f the w e s t e r ly ie t a s w e ll a s the s w in g o f je t a x is in m e r id io n a l

d ir e e t io n
.

xn Pa r t l (M a o e t a l
.

2 0 0 3 )
,

w e fo u n d th a t d u r in g b o r e a l t r a n s it io n s e a s o n
,

the

p o s itio n o f the r id g e 一 s u r fa e e o f s u b t r o p ie a l hig h (W E B ) s h ift s e v id e n tly fr o m s o u th t o

T h is w o r k 15 i
o in tly s u p p o r te d b y the N a tio n a l N a t u r a l S e ie n e e Fo u n d a tio n o f C hin a (4 0 3 7 5 0 2 2

,

4 0 1 3 5 0 2 0 ) e h in e s e A ea d e m y o f s e ie n e e s (z K e x Z
一

sw
一
2 1 0 )

,

a n d L A sG Fo u n d a tio n (4 0 0 2 3 0 0 1 )
.
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n o r th
,

o n th e o th e r ha n d
,

th e t ilt o f th e
W E B s w it e he s fr o m s o u th w a r d to n o r th w a r d

,

a n d

th e eh a n g e s in t ilt o f th e
W E B ta k e p la e e s u e e e s s iv e ly fr o m d iffe r e n t a r e a s

.

W h e n

m e r id io n al t e m p e r a t u r e g r a d ie n t (MT G ) in the v ie in ity o f th e
W E B in th e t r o p o s p h e r e 15

n e g a t iv e
,

th e s u b t r o p ie a l a n t ie y e lo n e e x hib it s a w in t e r ty p e
.

W h ile th e M T G b e e o m e s

p o s it iv e
,

th e s u b t r o p ie a l a n t ieye lo n e m a n ife s t s a s u m m e r p a t te r n
.

M a o e t al
.

(2 0 0 3 )

d e fin e d the v e r tie a l r id g e a x is a s “s e a s o n a l t r a n s itio n a x is
”

(S T A )
,

w h ie h in d ie a t e s the

d isPla e e m e n t o f w in t e r m o n s o o n by s u m m e r m o n s o o n
.

T h e e o n e e p t
“

S T A
’

15 v e r y

im p o r t a n t b e e a u s e it s o e e u r r e n e e s ig n a ls th e d e v e lo p m e n t o f th e s u m m e r s u b t r o p ie a l h ig h
.

T h e lo n g it u d in a l lo e a t io n o f the S T A e a n a ls o r efle e t th e b o r d e r w h e r e the s u m m e r

m o n s o o n Pr e v a ils (s e e Fig
.

4 in P a r t l)
.

T he m o n s o o n e ir e u la t io n t ra n s it io n fr o m w in te r t o

s u m m e r 15 e lo s ely r e la t e d t o th e fo r m a tio n a n d e v o lu t io n o f the S T A
.

T h e S T A p o s s e s s e s

s p e e ifie p h y s ie a l s ig n ifie a n e e b e e a u s e th e s t r u e t u re o f th e s u b tr o p ie a l hig h d e p e n d s o n the

t e m p e r a t u r e field
.

T h e S T A r e P r e s e n t s a e r it ie a l s t a t e th a t the M T G n e a r th e W E B

e h a n g e s fr o m n e g a tiv e to p o s it iv e
,

w h ie h s u g g e s ts th a t th e MT G e a n b e u s e d t o

e h a r a e t e r iz in g th e s e a s o n a l t r a n s it io n a n d m o n s o o n o n s e t
.

M o n s o o n 15 a s e a s o n a l r e v e r s a l o f b o th w in d a n d P r e s s u r e fie ld s
.

Pr e v io u s s tu d ie s

(e
.

9
.

A n a n th a k r ish n a n e t a l
.

1 9 8 3 ; A n a n th a k r ish n a n a n d S o m a n 1 9 8 8 : M o ha n ty e t a l
.

1 9 8 3 : K r ish n a r u r ti e t a l
.

1 9 8 1 ; K r is hn a r u r t i 1 9 8 5 ; Jo s e p h e t a l
.

1 9 9 4 ) h a v e sh o w n th a t

d u r in g m o n s o o n o n s e t d ra m a t ie e h a n g e s o e e u r in la r g e 一 s e a le a tm o s p he r ie a n d o e e a n ie

s t r u e t u r e s o ve r m o n s o o n r e g io n
.

S o m e o f w e ll
一

k n o w n o n e s a s s o e ia te d w ith th e o n s e t a r e a

r is e o f s e a s u r fa e e t e m Pe r a t u r e o v e r n o r th e r n In d ia n O e e a n a n d So u th C h in a Se a (SC S )
,

a

r a p id in e r e a s e o f th e d a ily p r e e ip ita tio n r a t e
,

a n d a n in e r e a s e in th e k in e tie e n e r g y o f th e

lo w
一

le v el flo w s
.

B a s e d o n the s e fe a t u r e s
,

th e v a r io u s in d ie e s w e r e th e r e fo r e p r o P o s e d t o

d e fin e th e m o n s o o n o n s e t d a t e fo r a p a r tie u la r r e g io n
,

B u t elim a t o lo g ie a l d is t r ib u t io n s o f

o n s e t d a te s g iv e n by d iffe r e n t r e s e a r eh e r s d iffe r g r e a tly d u e t o d iffe r e n t in d ie e s u s e d a n d

d iffe r e n t e r it e r ia
.

T h e la r g e s t d is e r e p a n e ie s o e e u r o v e r the e a s t e r n B a y o f B e n g al (BO B ) to

In d o e h in a Pe n in s u la
.

T a o a n d C he n (1 9 8 7 ) P o in t e d o u t th a t the e a r lie s t o n s e t o e e u rs o v e r

th e S C S in th e A s ia n m o n s o o n r e g im e
.

B u t in in v e s t ig a t in g th e 1 9 8 9 s u m m e r m o n s o o n

o n s e t
,

W
u a n d Z ha n g (1 9 9 8 ) r e p o r t e d tha t th e A s ia n m o n s o o n o n s e t w a s e o m p o s e d o f

th r e e e o n s e q u e n t ial s ta g e s a n d th e fir s t w a s o v e r th e BO B
.

A lth o u g h the r e s u lts g iv e n by

b o th L a u a n d Y a n g (1 9 9 7 ) a n d W
e bs te r e t a l

.

(1 9 9 8 ) s ho w e d th a t th e SC S m o n s o o n o n s e t

15 n o t the e a r lie s t
,

th e y d id n o t a ls o in d ie a te th a t th e e a r lie s t o n s e t o e e u r s o v e r th e e a s t e r n

B O B
.

B a s e d o n 1 9
一

ye a r d a t a a n d fr o m th e
W E B P e r s Pe e t iv e

,

M a o e t a l
.

(2 0 0 3 ) Po in t e d o u t

th a t in e lim a t o lo g y
,

the th r e e s t a g e s o f th e A s ia n s u m m e r m o n s o o n o n s e t w ell e o r r e s p o n d

t o th o s e o f s u m m e r s u b t r o Pie a l a n t ie yelo n e e s t a blishm e n t
.

T he fir s t o n s e t o e e u r s o v e r

e a s t e r n BO B
一

In d o eh in a Pe n in s u la
,

th e s e e o n d o v e r the SC S
,

a n d the th ir d o v e r So u th

A sia
.

Se a s o n a l t r a n s itio n s ig n ifie s th e r e p la e e m e n t o f w in t e r e ir e u la t io n by s u m m e r

e ir e u la t io n
.

In a d d it io n t o the e ir e u la t io n r e p la e e m e n t
,

m o n s o o n o n s e t 15 a e e o m P a n ie d by

m o n s o o n a l Pr e e ip it a t io n
,

b u t o e e u r r e n e e o f r a in fa ll d o e s n o t d e p e n d o n e ir e u la t io n

e o n d it io n s o n ly
.

U n d e r e ir e u m s t a n e e s o f th e elim a t e m e a n
,

the e s t a b lis hm e n t o f th e S T A

15 r e la t e d t o q u a s i
一 5 1
测lt a n e o u s in it ia t io n o f the lo e al r a in y s e a s o n

,

5 0 th e s e a s o n a l

t r a n s it io n a n d m o n s o o n o n s e t e a n b e e o n s id e r e d a s a s a m e e o n e e p t
.

W h ile fo r a p a r t ie u la r
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u

,

W U G u o x io n g a n d L IU Y im in 1 9

ye a r
,

th e y m a y n o t o e e u r e x a e tly s im u lt a n e o u s ly
.

Sin e e a n e a r ly o r la t e s e a s o n a l t r a n s itio n a n d m o n s o o n o n s e t a r e e lo s e ly r ela t e d to the

m o r e o r le s s s u b s e q u e n t r a in fall
,

d e t e r m in in g s e ie n t ifie a lly m o n s o o n o n s e t d a t e b e e o m e s a n

is s u e o f e o n sid e r a b le u r g e n e y
.

A t p r e s e n t
,

th e d e fin itio n s fo r the S C S m o n s o o n o n s e t a r e

m o r e th a n tho s e fo r the o th e r a r e a s s u e h a s th e BO B a n d In d ia
,

b u t the r e 15 n o t a

p a r t ie u la r d efin it io n w id ely a e e e p t e d
,

le t a lo n e th e o n e s s u ita b le fo r the e n tir e A s ia n

m o n s o o n r e g 1 0 n
·

H o w e v e r
,

w hieh in d e x 15 a p p lie a ble t o d e s e r ib e th e s e a s o n a l t r a n s it io n o r m o n s o o n

o n s e t ? In th is P a p e r
,

the MT G in d e x 15 P ro Po s e d
,

a n d th e s e a s o n a l t r a n s it io n d a t e s fo r

in d iv id u a l ye a r s a re id e n t ifie d
.

S t a t is t ie a l a n a lys e s a r e e a r r ie d o u t t o sh o w th e a d v a n t a g e s

o f n e w in d e x a s e o m p a r e d w ith o th e r in d ie e s in v o lv in g 8 5 0
一

hP a z o n a l w in d a n d O L R
.

T h e d a t a u s e d in th is a r e d e s e r ib e d in S e e t io n 11
.

T h e e v o lu t io n s o f v a r io u s

m e t e o r o lo g ie a l p a r a m e t e r

Pa P e r

field s in e lu d in g t e m p e r a t u r e
,

w in d
,

a n d p r e e ip it a t io n a r e

e x am in e d in Se e t io n 111
.

T h e d e fin it io n s r e g a r d in g t he MT G a n d t im e s e r ie s o f th e s e a s o n a l

tr a n s it io n d a t e a r e Pr e s e n t e d in S e e t io n IV
.

T h e e o n e lu s io n s a r e g iv e n in Se e tio n V
.

n
.

D A T A

T h e d a ily m e a n d a t a u s e d a r e th e N C E P / N C A R r e a n a lys is Pr o d u e t S fo r th e Pe r io d

1 9 8 0 一 1 9 9 8
.

T h e w in d
,

g e o p o te n t ia l he ig h t
,

t em p e r a t u r e fie ld s a t 1 2 s t a n d a r d p r e s s u r e

le v e ls a r e s ele e t e d w ith a h o r iz o n ta l r e s o lu t io n o f 2
.

5
“

X 2
.

5
“

g r id
.

A ls o u s e d a r e th e d a ily

m e a n o u tg o in g lo n g w a v e r a d ia t io n (O LR ) d a t a o n 2
.

s
o

X 2
.

5
0

g r id fr o m th e N O A A

s a t e llit e o b s e r v a t io n e x t r a e t in g fr o m 1 9 8 0 to 1 9 9 8
.

111
.

E V O L U T IO N S O F T H E W A R M T EMP E R A T U R E R IL减; E IN M ID
一

U PP E R T R O PO S PH E R E

D U R IN G SE A SON A L T R A N S IT IO N

1
.

T im e 一L a tit u d e C r o ss S e c t i伽

F ig u r e 1 sh o w s th e tim e 一la t it u d e e r o s s s e e t io n s o f 8 5 0
一

hP a w in d s
,

O L R
,

a n d MT G

a v e r a g e d o v e r d iffe r e n t lo n g it u d e s fo r th r e e ty p ie a l m o n s o o n a r e a s
.

B e fo r e th e e n d o f A p r il
,

the B O B 15 e o n t r o lle d by a n t iey elo n e
,

w ith n o r th e r lie s p r e v a ilin g
,

a n d th e r id g e lin e

p o s it io n o f s u b t r o p ie a l h ig h alo n g w ith d e e p e o n v e e tio n (le s s th a n 2 3 o w / m
, ) 15 lo e a t e d t o

the lo w e r la t it u d e (F ig
.

l a )
.

A ft e r the e n d o f A p r il
,

the s o u th e r lie s fr o m th e e q u a t o r

in e r e a s e a b r u p tly a n d m ig r a t e in t o the s u b t r o p ie s o v e r th e e a s t e r n B O B in s u e h a w a y th a t

the a n t ie ye lo n ie e ir e u la t io n w e a k e n s a n d d is s ip a t e s
,

a n d the r id g e lin e fir s t b r e a k s a t this

p la e e a n d th is t im e
.

T h u s
,

th e s o u th w e s te r ly flo w s s ta r t to p r e v a il o v e r th e BO B
,

e o r r e s p o n d in g ly
,

d e e p e o n v e e t io n e x te n d s to the n o r th o f IO
o

N
,

in d ie a t in g th e BO B

m o n s o o n o n s e t
.

By 1 0 M a y
,

d e e p e o n v e e tio n r e a e he s 1 5
o

N
.

T h e th ie k s o lid e u r v e

r e p r e s e n t s n o t o n ly th e z e r o is o lin e o f th e M T G in m id
一u p p e r t r o p o s p he r e (2 0 0 一 5 0 0

hPa )
,

bu t als o th e e v o lu t io n o f th e la t itu d in a l lo e a tio n o f the w a r m t e m p e r a tu r e r id g e
.

It 15

o b v io u s tha t th is z e ro is o lin e 15 s im ila r a n d e lo s e t o th a t o f O L R w ith 2 3 0 W / m 2
.

T he s e

r e s u lt s sh o w tha t th e m e r id io n a l s hift o f the w a r m r id g e 15 a n e s s e n t ia l fe a t u re a s s o e ia t e d

w ith the B O B m o n s o o n o n s e t
.

T he S CS m o n s o o n o n s e t e x h ibits m o r e s ig n ifie a n t a b r u p t n e s s (F ig
.

lb )
.

T h e w a r m
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F ig
.

1
.

T im e 一la tit u d e er o s s s e etio n s o f O L R (s h a d in g ) 8 5 0 hPa w in d s (v e e to r s )
,

8 5 0
一

hPa su b tr o p ie a l

hig h r id g e lin e (d a s h e d lin e )
,

a n d z e r o is o lin e o f th e m id
一 u p p e r tr o p o s p he rie (2 0 0 一 5 0 0 hP a )

M T G (t h ie k s o lid lin e ) d u rin g s ea s o n a l t r a n s itio n
.

T he n u m b e r a lo n g a b se is sa d e n o te s th e d a y

o r d e r 。o u n te d fr o m 1 A p r il
.

T he r e g io n s w ith O L R v a lu e s le s s rha n 2 0 0
,

2 2 0
,

a n d 2 3 o w / m
Z

a r e

(C )

r id g e ju m P s

t r o P o s Ph e r e
,

s h a d e d fr o m h e a v y to lig h t
.

(a ) E a s te r n BO B (9 0 一 l0 0
0

E )
,

(b ) S C S (1 1 0 一 1 2 0
0

E ) a n d

So u th A sia (6 0 一 8 5
o

E )
.

fr o m S
O

N to ZO
o

N d u r in g a s ho r t p e r io d fo r

the e a s t e r lie s a r e s u b s e q u e n tly r e p la e e d b y

1 5 一 2 0 o f M a y
,

s o u th w e s t e r lie s

a n d in lo w e r

O V e r

D e e P e o n v e e tio n o e e u r s a lm o s t s im u lt a n e o u s ly O V e T the e n t ir e SC S
,

w ith th e

the S CS
.

8 5 0
一

hP a
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1 材月0 J ia抑
u

W U G u o 工io n g a n d L IU Y im in 2 1

rid g e lin e r e t r e a t in g o u t o f th e S C S
.

T h e s u m m e r m o n s o o n o n s e t o v e r So u th A s ia 15 d is p la ye d in F ig
.

l e
.

T he z e r o is o lin e

o f the M T G m ig r a t e s n o r th w a r d s in e e th e b e g in n in g o f M a y
,

w ith d e e p e o n v e e tio n

e x t e n d in g n o r th w a r d
·

D u r in g th e fir s t d e ka d o f Ju n e
,

d e e p e o n v e e t io n s u
这d

e n ly in t r u d e s

n o r thw a r d fr o m s
o

N
,

a n d the n o r th e d g e o f r a in fa ll 15 v e r y e lo s e to th e la t it u d in a l lo e a tio n

o f the m id
一 u p p e r t r o p o s p he r ie w a r m te m p e r a t u r e r id g e

.

N o t e tha t th e lo w
一

le v el w e s te r lie s

a s s o e ia t e d w ith r a in fall o v e r S o u th A s ia o r ig in a t e fr o m So m a li je t
.

It 15 o bv io u s th a t the v a r ia t io n s in s t r u e t u re o f t e m P e r a tu r e fie ld Pla y a n im P o r t a n t

r o le in the s u m m e r m o n s o o n e s t a blis hm e n t
.

M o n s o o n o n s e t 15 e lo s e ly r e la t e d t o th e

n o rt hw a r d m ig r a t io n o f lo e a l m id
一 u p p e r t r o p o s p h e r ie w a r m r id g e

.

T h e r e fo r e
,

the m id
-

u p p e r tr o p o s p he r ie MT G e a n in d ie a te th e A s ia n s u m m e r m o n s o o n o n s e t
.

2
.

T im e 一

P re s s u re C r o s s S e c tio n

S in e e th e s ta r t d a te s o f s e a s o n a l t r a n s it io n a r e d iffe r e n t fr o m a r e a t o a r e a
,

th e d o m a in

fo r d e fin in g m o n s o o n o n s e t m u s t b e d e lim it e d
.

B a s e d o n the la t it u d in a l p o sitio n o f th e

W E B
,

lo e a t io n o f the S T A a n d n o r thw a r d sh ift o f m id
一 u p p e r t r o p o s p h e r ie w a r m r id g e

,

the d o m a in s o f thr e e typ ie a l m o n s o o n a r e a s a r e d e m a r e a t e d (s e e F ig
.

2 ) : BO B (5 一 1 5
o

N
,

9 0 一 1 0 0
o

E )
,

S C S (5 一 2 0
o

N
,

1 1 0 一 1 2 0
o

E )
,

a n d ID O (1 0 一 ZO
o

N
,

6 0 一 8 5
o

E
,

In d ia a n d

A r a bia n S e a )
.

In th is s u b
一 s e e t io n th e v e r tie a l s t r u e t u r e a s s o e ia t e d w ith m o n s o o n o n s e t 15

fi r s t d is e u s s e d
,

a n d d e fin itio n s fo r o n s e t a r e the n e o n d u e te d
.

T h e B OB s u m m e r m o n s o o n bu r s t s a r o u n d th e fir s t d e k a d o f M a y (F ig
.

3 )
.

B e fo r e l

M ay
,

the MT G 15 p o s it iv e b elo w 7 0 0 hPa a n d a b o v e 2 0 0 hPa
,

w h ie h 15 th e m a n ife s t a tio n

tha t th e M T G lo w e r tha n 3 k m b e tw e e n 6 0
o

E a n d 1 1 0
0

E r e v e r s e s in A p r il (M a o e t a l
.

2 0 0 3 )
.

H o w e v e r
,

th e M T G in a t m o s p h e r ie e o lu m n be tw e e n 7 0 0 一 2 0 0 hPa 15 n e g a tiv e

(Fig
.

3 a )
.

xn a d d itio n t o the sh a llo w w e s t e r lie s n e a r th e b o u n d a r y s u r fa e e
,

th e e a s t e r lie s

e x is t be lo w 3 0 0 hP a (Fig
.

3 b )
.

T h e dy n a m ie a l s t r u e t u r e e x hibit s th e u p p e r d iv e r g e n e e a n d

lo w e r w e a k e o n v e r g e n e e (Fig
.

3e )
,

w ith d e s e e n d in g m o t io n a n d s u p p r e s s e d e o n v e e t io n (n o t

3 0

l0

4 0 50 60 7 0 8 0 9 0 10 0 110 12 0 13 0
“

E 14 0

F ig
.

2
.

T hr e e d e m a r e a te d d o m a in s B O B (5 一 1s
o
N

,

9 0 一 1 0 0
O

E )

.

S h a d ed a r e a in diea t e s th e

,

S C S 1 1 0 一 1 2 0
O

E )
,

a n d

ID O (1 0一 ZO
o

N
,

6 0 一 8 5
o

E ) te f r a ln

(1 5 一 Z O
o

N
,

a b o v e 3 0 0 0
m
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.

1 8

Ti m e (d )
F ig

.

3
.

T im e 一 p r e s s u r e e r o s s s e e tio n o f a r e a 一a v e r a g e d o v e r BO B fo r (a ) th e
M T G (1 0 一 3 K / k m ) (b )

z o n a l w in d s (m /
s )

,

a n d (e ) d iv e r g e n e e (1 0一 6

/
s )

.

T h e n u m b e r a lo n g a b s eis sa d e n o te s th e d a y

o r d e r e o u n t e d fr o m 1 A p ril
.

sh o w n )
.

D u r in g o n s e t
,

the MT G b e tw e e n 7 0 0 一 2 0 0 hPa iu s t e ha n g e s it s sig n o n the fir s t

p e n t a d o f M a y (F ig
.

3 a )
.

B o th th e lo w e r t r o p o s p h e r ie w e s te r lie s (d iv e r g e n e e ) a n d u p p e r

t r o p o s p he r ie e a s t e r lie s (e o n v e r g e n e e ) s t r e n g the n (Fig s
.

3 b a n d 3 e )
,

a n d O L R a b r u p tly

d r o p s t o b e lo w 2 2 o w / m
2

.

N o t e w o r thy 15 tha t the t im e w he n th e M T G e ha n g e s s ig n 15



如
.

1 材A O J ia 叮
u

,

环佗了G u o x io n g a n d L l之J Y im in 2 3

slig h tly e a r lie r tha n tha t w h e n O L R d r o p s t o th r e s ho ld o f 2 3 0 W / m
Z

,

w h ie h s u g g e s t s t h a t

the B O B m o n s o o n o n s e t o c c u r s till th e r e v e r s a l o f th e m id
一 u p p e r t r o p o s p he r ie M T G

.

A ft e r

the
o n s e t

,

th e lo w
一

le v e l eye lo n ie e ir e u la t io n 15 e n ha n e e d a s a n a s ym m e t r ie R o s s by w a v e

r e s p o n s e t o d e e p c o n v e c t iv e he a tin g o v e r the B O B (G ill 1 9 8 0 )
.

A s a r e s u lt
,

the a ir

te m p e r a t u r e r is e s o v e r th e n o r the r n S C S d u e t o la t e n t h e a t in g r e le a s e
,

e a u s in g th e r e v e r s al

o f th e M T G a n d n o r thw a r d tilt o f th e
W E B o v e r th e SC S

.

M o r e o v e r
,

b a s e d o n the r m al

ad a p t a tio n th e o r y (W
u a n d L iu 2 0 0 0 ;

W
u e t a l

·

1 9 9 9 : L iu e t a l
,

1 9 9 9 ) if la t e n t he a t in g

s t r e n g th e n s w ith in e re a s in g h e ig h t
,

it 15 fa v o r a b le fo r the d e v e lo p in g o f p o s it iv e v o r t ie it y in

m id
一
lo w e r t r o p o s p he r e

.

T he r e fo r e
,

th e r id g elin e s a t 7 0 0
,

5 0 0
,

a n d 4 0 0 hP a s p lit o n th e

fo u r th p e n ta d o f M a y
.

Fig u r e 4 s ho w s t ha t the S CS m o n s o o n o n s e t o e e u r s in 1 6 一 2 0 M a y
.

B e fo r e th e o n s e t

th e M T G b e lo w 2 0 0 hPa 15 n e g a t iv e (F ig
.

4 a )
,

a n d the e a s t e r lie s p r e v a il in m id
一

lo w e r

le ve ls w h ile the w e s te r lie s e x is t in u p p e r le v e ls (F ig
.

4b )
.

W
e a k d iv e r g e n e e e x is ts b e tw e e n

2 0 0 一 5 0 0 hPa (F ig
.

4 e )
,

a n d e o n v e e tio n 15 s u p p r e s s e d w ith O L R v a lu e s m o r e tha n 2 6 0

W / m Z (n o t s ho w n )
.

D u r in g th e o n s e t
,

the z e r o is o lin e o f the M T G 15 a lm o s t v e r t ie a l fr o rn

s u r fa e e t o 2 0 0 hP a
,

th e r e v e r s a ls in u p p e r a n d lo w e r w in d s a r e a ls o d is t in e t
.

A fte r th e

o n s e t
,

the u p p e r tr o p o s p h e r ie d iv e r g e n e e b e e o m e s s t r o n g e r tha n t he lo w e r t r o p o s p he r ie

c o n v e r g e n c e
·

T h e m o n s o o n o n s e t o v e r th e ID O (Fig
.

5 ) 15 d iffe r e n t fr o m th a t o v e r th e BO B a n d

SC S
.

T he ID O m o n s o o n b u r s ts a r o u n d th e fir s t tw o p e n t a d s o f Ju n e
.

B e fo r e th e o n s e t
尹

alth o u g h the MT G b elo w 7 0 0 hPa ha s b e e n p o s it iv e s in e e A p r il d u e t o s e n s ib le h e a t in g

n e a r th e s u r fa e e
,

the MT G b e tw e e n 2 0 0 一 7 0 0 hPa r em a in s n e g a t iv e
.

T he r e a r e th e

e a s t e r lie s o n ly b e tw e e n 6 0 0 一 8 5 0 hP a
,

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

u p p e r le v e l a n d d iv e r g e n e e in lo w
一

le v el 15 e v id e n t
.

D u r in g th e o n s e t
,

th e r e v e r s a l o f th e

MT G b e tw e e n 2 0 0 一 5 0 0 hPa h a s a le a d o n e p e n t a d e o m p a r e d w ith th a t o f the M T G

be tw e e n 5 0 0 一 7 0 0 hPa
.

A ft e r th e o n s e t
,

the e a s t e r lie s a re a b o v e 6 0 0 hPa
,

a n d th e

w e s t e r ly m a x im u m 15 e lo s e t o th e s u r fa e e la y e r
.

T he d iv e r g e n t la y e r 15 a ls o sh allo w a n d

lo w e r tha n 8 5 0 hPa
.

In s u m m a r y
,

a b r u p t e h a n g e s o e e u r in th e r m a l a n d d y n a m ie a l s t r u e t u r e s o f m o n s o o n

c ir e u la t io n d u r in g s e a s o n a l tr a n s it io n
.

T he r e v e r s a l t a k e s p la e e in s o m e v a r ia ble fie ld s

in elu d in g w in d
,

te m p e r a t u r e
,

d iv e r g e n e e
,

a n d d e e p e o n v e e t io n
.

T h e M T G in th e v ie in ity

o f t he
W E B b e tw e e n 2 0 0 一 5 0 0 hPa 15 t he v a r ia b le th a t v a r ie s m o s t sig n ifie a n tly

.

B e e a u s e

the z o n al w in d s he a r (刁U / a z ) 15 in d ir e e t p r o p o r t io n t o th e M T G (刁T / 刁夕) th e z o n a l

w in d sh e a r b e fo r e th e o n s e t n e a r th e
W E B 15 o p p o sit e w ith th a t a ft e r th e o n s e t

.

T he r e fo r e
,

t he s e v a r ia b le s w ith a b r u p t n e s s e a n b e u s e d a s in d ie e s t o d efin e m o n s o o n

o n s e t
.

IV
.

D E F IN IT IO N FO R S E A SO N A L T R A N S IT IO N O V E R T H E A S IA N MO N SO O N R E G IO N

1
.

D 刁若n it io n fo
r S e a s o n a l T r a n s itio n B a s e d o n th e M了

,

G

R a in fa ll a n d w in d s a r e e o m m o n ly e o n s id e r e d a s tw o in d ie e s t o d e fin e s u m m e r m o n s o o n

o n s e t
.

T h e r e a r e v a r io u s d e fin it io n s p r o P o s e d fo r the S C S m o n s o o n o n s e t (T a o a n d C h e n

1 9 8 7 : X ie e t a l
.

1 9 9 6 ; Ch e n e t a l
.

1 9 9 9 二 Jin 1 9 9 9 : D a i e t a l
.

2 0 0 0 ; L i a n d Q u 2 0 0 0 )
,

b u t
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.

1 8

F ig
.

4
.

A s in F ig
.

3
,

e x ee p t fo r th e S C S
.

fo r th e ILK) a n d B O B
一

In d o e hin a Pe n in s u la m o n s o o n
,

th e d e fin it io n 15 m a in ly b a s e d o n th e

o b s e r v a t io n a l p r e e ip ita t io n (A n a n th a k r is h n a n
’

e t a l
.

1 9 8 5 : z ha n g e t a一 2 0 0 2 )
.

T h e a bo v e

a n a lys e s a n d r e s u lts in M a o e t a l
.

(2 0 0 3 ) in d ie a t e th a t the t ilt o f the
W E B d e p e n d s o n the

M T G
,

n a m e ly
,

th e th e r m a l b a sis o f s e a s o n a l t r a n s it io n 15 th e r e v e r s a l o f th e M T G n e a r

the
W E B

.

T h e e litn a t o lo g ie a l s e a s o n a l t r a n s it io n d a te e a n b e id e n t ifie d fo r e a e h o f thr e e a r e a s
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u

,

W U G u o x io n g a n d L IU Y im in 2 5

l一m e 气u )

F19
.

5
.

A s in F ig
.

3
,

e x e e p t fo r th e ID O
.

fr o m Fig
.

6
.

Fig u r e 6a illu s tr a t e s th a t the M T G e v o lv e s fr o m n e g a t iv e t o p o s it iv e fo r e a eh

a r e a
.

If th e d a y w h e n the M T G e q u a ls z e r o 15 d e fin e d a s s e a s o n a l tr a n s it io n d a t e
,

the

elim a to lo g ie a l t r a n s it o n d a t e s fo r th e B O B
,

SC S
,

a n d ID O a r e 6 M a y
,

1 5 M a y
,

a n d l

Ju n e
,

r e sP e e t iv ely
.

T he e v o lu t io n s o f z o n a l w in d v e rt ie al she a r (F ig
.

6 b ) a r e s im ila r t o tho s e o f the M T G
,

w hie h in d ie a t e
s th e r e la tio n s hip b e tw e e n w in d a n d te m p e r a t u r e field s s a t isfie s the t he r m a l
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聋
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2 2 0

2 10

2 0 0

19 0

18 0
5 10 1 5 20 2 5 3 0 35 4 0 4 5 50 5 5 60 6 5 7 0 7 5 80 85 90

AP
r il May Ju n e

T im e (d)
F ig

·

6
.

E v o lu t io n s o f e lim a t o lo g i e a l ( a ) m id
一 u p p e r t r o p o s p h e r i e ( 2 0 0 一 5 0 0 hP a ) M T G ( 1 0 一 3 K / k m )

,

(b ) z o n a l w in d v e r t ie a l s h e a r b e t w e e n 2 0 0 h Pa a n d 5 0 0 h Pa (1 0 一 2 m s 一 l h Pa 一 l )
,

(e ) 8 5 0
一

hP a

z o n a l w i n d (m /
s )

,
a n d ( d ) O LR (W / m Z )

.

T he n u m b e r a lo n g a b s e is s a d e n o t e s t h e d a y o r d e r

e o u n t e d fr o m 1 A p r il
.

O P e n e i r e le s d e n o t e t h e B 《〕B ( 5 一 1 5 0

N
,

9 0 一 1 0 0
0

E )
,

s o lid e ir e le s

r e p r e s e n t t h e S C S ( 5 一 Z o
o

N 1 1 0 一 1 2 0
0 E ) a n d o p e n s q u a r e s d e n o t e t he ID O ( 1 0 一 Z o

o

N
,

6 0

一 8 5
O

E )
.
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1 MA O J ia卿
u

,

W U G u o x io n g a n d L IU Y im in 2 7

w in d b a la n e e
.

A t th e s a m e tim e
,

th e the o r e t ie a l a n a ly s e s r e g a r d in g th e t ilt o f th e
W E B 15

a ls o v e r ifie d t o b e e o r r e e t
.

If th e th r e sh o ld e r ite r io n o f O L R 15 e ho s e n t o b e 2 3o w / m
Z

,

the t r a n s itio n d a t e b y th is

in d e x 15 e o n s is t e n t w ith th a t by the MT G o r z o n a l w in d v e r t ie a l sh e a r fo r e a eh in d iv id u a l

a r e a (F ig
.

6d )
.

H o w e v e r
,

th e ID O t r a n s it io n d a t e d e t e r m in e d b y 8 5 0
一

hP a z o n a l w in d (the

d a y w h e n th e e a s t e r lie s a r e r e p la e e d b y th e w e s t e r lie s ) 15 d iffe r e n t fr o m th a t b y th e a b o v e

in d ie e s (F ig
.

6e )
,

w h ie h s u g g e s ts th a t the in d e x o f 8 5 0
一

hPa z o n a l w in d 15 a r e g io n a l in d e x
.

T h e z o n a l w in d v e r t ie a l sh e a r (U
8 5 。
一 U

Z。。 ) 15 a ls o w id e ly u s e d t o d e s e r ib e s e a s o n a l

v a r ia t io n
.

A s e o m p a r e d w ith Fig
.

6
,

F ig
.

7a sh o w s th a t e x e e Pt fo r th e SC S
,

the t r a n s it io n

d a te s d e te r m in e d b y the M T G b e tw e e n 2 0 0 一 8 5 0 hPa fo r th e BO B a n d ID O a r e e a r lie r th a n

th o s e sh o w n in F ig
.

6 a
.

Fig u r e 7 b in d ie a t e s th a t th e BO B t r a n s it io n d a t e d e r iv e d fr o m th e

名o n a l w in d sh e a r b e tw e e n 2 0 0 一 8 5 0 hPa 15 a t le a s t 2 6 A p r il
,

a n d the ID O t r a n s it io n d a te 15

th e s a m e a s th a t o f th e S CS
.

T h e t r a n sit io n d a t e b a s e d o n the a r e a o f W
e b s t e r a n d Y a n g

(1 9 9 2 ) 15 a r o u n d 5 M a y b u t th e r e g io n a l d iffe r e n e e s in s e a s o n a l t r a n s itio n tim e a r e

e o n e e a le d d u e to to o la r g e d o m a in s e le e te d b y th em
.

T h e s e r e s u lt s a r e n o t o bv io u sly in

a g r e e m e n t w ith p r a e t ie a l fa e t s
.

A lth o u g h l
洲

iu (2 0 0 0 ) d id the s a m e w o r k u sin g th e U
, 5。
一

U Zo。
,

h is d o m a in s s ele e t e d a r e d iffe r e n t fr o m th o s e in th is s t u d y
.

A e o m p a r is o n o f Fig
.

6

2辰厂一, 叶一一一一一一一户一一,
1

.

5

仓住
-

工
‘二、苗乞一

一

0
.

5
一

1
一

1
.

5
一

2
一

2
.

5

⋯⋯
一

从声补补
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」气李、 洲味O
‘

厂 z 尸 . 司3 」二JJ 少
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歉歉恭到⋯
...

24万3石521乃。

气J
Z
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一目全
一喃日N
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.

7
·

5 10 l 5 20 2 5 3 0 3 5 4 0 4 5 5 0 5 5 6 0 6 5 7 0 7 5 8 0 8 5 90

A Pril Ma y Ju ne

T im e (d )

E v o lu t io n s o f e lim a to lo g ie a l (a ) lo w e r 一u p p e r tr o p o sp h e rie (2 0 0 一 8 5 0 hPa ) M T G (1 0 一 3 K / km )

a n d (b ) z o n a l w in d v e r tie a l s he a r b etw e e n 2 0 0 hP a a n d 8 5 0 hP a (1 0 一 2 m 5 hP a 一 ‘)
.

T h e

n u m b e r a lo n g a bs e is s a d e n o te s t he d a y o r d e r e o u n te d fr o m 1 A p r il
.

O p e n e ir ele s d e n o te th e

B O B (5 一 15
“

N
,

9 0 一 1 0 0
O

E ) s o lid e ir e le s r e P r e s e n t the S C S (5一 2 0
o

N
,

1 1 0 一 12 0
o
E )

,

o Pe n

s q u a r e s d e n o t e th e l工义〕 (1 0 一 2 0
o

N
,

6 0 一 8 5
o

E ) a n d s o lid lin e d e n o t e s th e a r e a eh o s e n b y

W
e bs ter a n d Y a n g (1 9 9 2 )

.



2 8 A C T A M E T E O R O L O G IC A S IN IC A V o l
.

1 8

w ith F ig
.

7 s h o w s tha t th e MT G o r z o n a l w in d v e r t ie a l s he a r b e tw e e n 2 0 0 一 8 5 0 hP a 15 n o t

s u it a b le fo r d e fin in g th e m o n s o o n o n s e t fo r a ll d iffe r e n t a r e a s
,

in s t e a d
,

the MT G o r z o n a l

w in d v e r t ie a l sh e a r b e tw e e n 2 0 0 一 5 0 0 hP a ha s P o t e n tia l in Pr a e tie e
.

T a b le 1
.

T h e S e a s o n a l T r a n s itio n a n d M
o n s o o n O n s e t D a te s o v e r th e BO B (m o n th

一

d a y)

Y e a r

1 9 8 0

1 9 8 1

1 9 8 2

1 9 8 3

1 9 8 4

1 9 8 5

1 9 8 6

1 9 8 7

1 9 88

1 9 8 9

1 9 9 0

1 9 9 1

1 9 9 2

1 9 9 3

1 9 9 4

1 9 9 5

1 9 9 6

1 9 9 7

1 9 9 8

M
e a n

M T G

5
一
1 1

5
一
0 7

4
一
2 2

5
一
1 6

4
一
1 3

4
一
1 7

5
一
0 9

5
一
0 3

5
一
0 2

4
一
2 8

5
一
1 4

4
一
2 5

5
一
1 4

5
一
1 9

5
一
0 1

5
一
0 9

4
一
2 5

5
一
1 7

5
一
1 8

5
一
0 5

1 0
,

5 6

U 8 50

5
一
0 3

5
一
1 0

4
一
2 1

5
一
1 9

4
一
1 5

4
一
1 8

5
一
0 3

5
一
0 2

4
一
2 9

4
一
2 0

5
一
1 1

4
一
2 5

5
一

1 4

5
一
1 8

4
一
3 D

5
一
0 9

4
一

2 5

5
一
1 6

5
一

15

5
一
0 3

1 0
,

4 6

O LR

5
一
0 9

5
一
1 3

4
一

2 3

5
一
2 3

4
一
1 5

4
一
2 0

5
一
0 9

5
一
2 5

4
一
2 7

5
一
0 8

5
一
14

5
一
2 0

5
一
1 0

5
一
1 4

4
一
2 4

5
一
0 7

4
一

2 1

5
一
1 1

5
一
1 2

5
一
0 7

1 1
.

3 2

Co m b in a tio n

S ta n d a r d d e v ia tio n (d )

5
一
1 1

5
一
1 3

4
一
2 3

5
一
2 3

4
一
1 5

4
一
2 0

5
一
0 9

5
一
2 5

5
一
0 2

5
一
0 8

5
一
1 4

5
一
2 0

5
一
1 4

5
一
1 9

5
一
0 1

5
一
0 9

4
一
2 5

5
一
1 7

5
一
1 8

5
一
0 8

1 1
.

2 1

G e n e r a lly
,

elim a to lo g ie a l tr a n s itio n d a t e s d e t e r m in e d by th e MT G be tw e e n 2 0 0 一 5 0 0

hPa
,

z o n a l w in d v e r t ie a l s h e a r a n d O LR a r e w e ll e o n s is te n t fo r e a e h o f the th r e e a r e a s
.

T h e BO B t r a n s it io n d a te d e r iv e d fr o m 8 5 0
一

hPa z o n a l w in d 15 slig htly e a r lie r th a n th o s e b y

th e a b o v e th r e e in d ie e s
,

w h ile it 15 slig htly la t e r fo r the S C S
.

Fo r th e ID O a r e a
,

ho w e v e r

th e t r a n sit io n d a t e fr o m 8 5 0
一

hPa z o n a l w in d 15 la r g e ly d iffe r e n t fr o m th o s e b y o th e r

in d ie e s
,

be e a u s e th is w e s t e r ly e o m Po n e n t 15 in v o lv e d in th e n o r thw e s t e r ly flo w s (s e e

F ig
.

l e )
.

It 15 n o s u r p r is e tha t the In d ia n m o n s o o n 15 a e e u s t o m e d t o u s e th e lo e al r a in fa ll t o

d e fin e the o n s e t
.

A fte r h a v in g e x a m in e d th e p e r fo r m a n e e s o f d iffe r e n t in d ie e s
,

it 15 fo u n d

th a t th e M T G b e tw e e n 2 0 0 一 5 0 0 hPa 15 a p p lie a b le t o d efin e the m o n s o o n o n s e t fo r

d iffe r e n t a r e a s in th e A s ia n m o n s o o n r e g im e
.

B a s e d o n th e a bo v e r e s u lt s
,

he r e th e s e a s o n a l tr a n sitio n o r m o n s o o n o n s e t d a t e fo r

e a eh in d iv id u al ye a r 15 d efin e d a s th e d a y w h e n th e fo llo w in g e r it e r ia a r e fir s t s a tis fie d
:

(1 ) th e a r e a 一a v e r a g e d m id
一 u p p e r t r o p o s p h e r ie (2 0 0 一 5 0 0 hPa ) M T G eh a n g e s fr o m

n e g a t iv e t o p o s it iv e : a n d (2 ) th e M T G r em a in s p o s it iv e fo r m o r e th a n 7 d a y s w ith in th e

n e x t 1 0 e o n s e e u tiv e d a ys
.

F o r e o m p a r is o n
,

a n id e n t ie a l d e fin it io n 15 a p p lie d t o the 8 5 0
一

hP a z o n a l w in d a n d O L R
,



N o
.

1 材八0 J ia ny
u

,

W 乙7 G u o 二io n g a n d LIU Y im in 2 9

e x e e p t fo r th a t th e thr e sh o ld o f O L R 15 2 3 o w / m
2

.

T h e o n s e t d a t e s fo r th e p e r io d 一9 8 0 一

1 9 9 8 a n d fo r thr e e a r e a s a r e lis t e d in T a b le s 1 t o 3
.

T h e d a t e in la s t e o lu m n by the

e o m bin a tio n m e a n s w h e n the tw o o r th r e e a fo r e 一

lis te d in d ie e s a ll s a t isfy the d e fin it io n
.

2
.

CO
r re la t io n a m

o n g th e

M了
,

G
,

U
8 5。

.

a , : d O L R

It 15 fo u n d fr o m T a b le s l一 3 t ha t in a la r g e n u m b e r o f in d iv id u a l ye a r s
,

th e d a t e s

d e t e r m in e d by th e M T G a r e e o n s is t e n t w ith tho s e by O LR a n d U , 5。
.

In a fe w ye a r s
,

the r e

a r e la r g e d iffe r e n e e s
.

Fo r e x a m p le in 1 9 9 1
,

th e MT G h a s r e v e r s e d sin e e 2 8 A p r il a n d

p e r s is t s to 2 5 M a y
,

b u t d e e p e o n v e e tio n o e e u r s t ill 4 Ju n e
.

D u e t o th is w e e a ll

p r o v is io n a lly th e M T G a s s e a s o n a l t r a n s itio n in d e x
·

T a b le 4 lis t s the e o r r ela t io n

eo effie ie n t s a m o n g v a r io u s in d ie e s
.

T he M T G be tw e e n 2 0 0 一 5 0 0 hPa 15 w e ll e o r r e la t e d

w ith O LR fo r th r e e a r e a s
.

T h e e o n fid e n e e le v els fo r th e B ()B a n d ID () h a v e e x e e ed e d

0
.

0 1
,

a n d in th e SC S th e e o n fid e n e e le v e l a ls o r e a eh e s 0
.

0 5
.

N o t e th a t th e MT G e x h ibit s a

be t te r e o r r e la t io n w ith the e o m b in a t io n e x e e P t fo r the S C S
.

T he s e r e s u lt s in d ie a t e tha t the

r e v e r s a l o f the m id
一 u p p e r t r o p o s p h e r ie (2 0 0 一 50 0 hPa ) MT G e a n r e fle e t the e o lle e tiv e

e s s e n tia l fe a t u r e fo r d iffe r e n t a r e a s in th e A s ia n m o n s o o n r e g io n
.

B e s id e s
,

8 5 0
一

hPa z o n a l

w in d 15 o n ly a r e g io n a l in d e x
.

Ta ble 2
.

T h e S e a s o n a l T ra n s it io n a n d M
o n s o o n O n s e t D a te s o v e r th e S C S (m o n th

一

d a y )

Y e a r

1 9 8 0

1 9 8 1

1 9 8 2

1 9 8 3

1 9 8 4

1 9 8 5

1 9 8 6

1 9 8 7

1 9 8 8

1 9 8 9

1 9 9 0

1 9 9 1

1 9 9 2

1 9 9 3

1 9 9 4

1 9 9 5

1 9 9 6

1 9 9 7

1 9 9 8

M
e a n

S ta n d a r d d e v ia tio n (d )

M T G

5
一
1 3

5
一
1 0

5
一
0 6

5
一
2 2

4
一
2 7

5
一
2 4

5
一
1 0

5
一
2 0

5
一
2 0

5
一
1 5

5
一
1 5

4
一
2 8

5
一
1 5

5
一
3 0

5
一
0 3

5
一
1 5

5
一
0 6

5
一
1 7

5
一
1 9

5
一
1 4

8
.

4 3

U 8 5 0

5
一
1 4

5
一
1 0

4
一
3 0

5
一
1 9

4
一
2 7

5
一
2 6

5
一
1 0

6
一
0 8

5
一
2 0

5
一
1 7

5
一
1 6

6
一
0 8

5
一
2 1

6
一
1 6

5
一
0 2

6
一
0 4

5
一
1 3

5
一
1 7

5
一
2 0

5
一
1 9

1 3
.

1 2

O L R

5
一
1 6

6
一
0 3

6
一
0 4

6
一
0 5

4
一
2 8

5
一
2 7

5
一
1 4

6
一
0 5

5
一
2 0

5
一
1 6

5
一
1 4

6
一
0 4

6
一
0 8

6
一
1 5

5
一
0 3

5
一
3 0

5
一
1 2

5
一
2 0

5
一
1 9

5
一
2 3

1 2
.

6 2

Co m b in a tio n

5
一
1 6

6
一
0 3

6
一
0 4

6
一
0 5

4
一
2 8

5
一
2 7

5
一
1 4

6
一
0 8

5
一
2 0

5
一
1 7

5
一
1 6

6
一
0 9

6
一
0 8

6
一
1 6

5
一
0 3

6
一
0 4

5
一
1 3

5
一
2 0

5
一
2 0

5
一
2 4

1 3 1 4

It 15 a ls o fo u n d tha t the m e a n s e a s o n a l t r a n s itio n d a t e s lis t e d in T a b le s l一 3
,

w hie h

a r e a v e r a g e d m a th e m a t ie a lly fr o m a ll in d iv id u a l y e a r s
,

a r e in w e ll a g r e e m e n t w ith th o s e



3 0 A CT A M E T E O R O L O G IC A SIN ICA V o l
.

1 8

s ho w n in F ig
.

6
,

a n d a ls o v e r ify tha t the MT G in d e x 15 r e a s o n a ble
.

T he s t a n d a r d d e v ia t io n s in T a b le s l 一 3 s ho w the la r g e in t e r a n n u a l v a r ia b ilit y o f

s e a s o n a l t r a n s itio n a n d m o n s o o n o n s e t
.

T he r a n g e b e tw e e n th e e a r lie s t a n d la te s t s t a r t

d a t e s (fo r B O B
,

1 3 AP r il一 1 9 M ay ; S C S
,

2 8 A p r il一 3 0 M a y : ID O
,

6 M a y 一 1 5 Ju n e )

e x e e e d s o n e m o n th
.

T he in t e r a n n u a l v a r iab ility a n d it s in flu e n e e s w ill b e e x Plo r e d la t e r
.

T a ble 3
.

T h e S e a s o n a l T r a n s itio n a n d M
o n s o o n O n s e t D a te s o v e r th e IIX〕 (m o n t h

一

d a y )

Y e a r

1�0A
J工从J�zt尹l吐O

C口11110‘Q乙O一一一一一一一
六七5叹

U月匕氏JU口哎U1工0
月LL工亡J内/庄
�

连
�11八bCjCJ0q

U111丈夕�夕一n�日�n八曰,�一一一一一一一一一一一
舟O亡J内b八b工LJUJ内O八b内匕魂b工JJ1 9 8 0

19 81
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1 9 9 1

1 9 9 2

1 9 9 3

1 9 9 4

1 9 9 5

1 9 9 6

1 9 9 7

1 9 9 8

M
e a n

S t a n d a r d d e v i a t i o n (d )

MT G

6 一0 1

5
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6
一 1 5

5 一2 4
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6 一 0 4
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一
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一
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O L R C o m bi n a t io n
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6 一 0 9
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T a ble 4
.

Co r r e la t io n C o e ffie ie n ts a m o n g V a r io u s I n d ie e s (S t a t i st ie a l e o n fi d e n e e le v e ls e x e e e d i

0
.

0 1
,

a n d 0
.

0 0 1 a r e m a r ke d w it h o n e
,

t w o a n d t hr e e a s t e r is k s r e s P e e t iv e ly )

n g 0
.

0 5

A r e a I n d e x
M T G U ss o O L R C o m b in a t io n

MT G

U s s o

O LR

C o m bi n a t io n
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.
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.
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.
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.
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.

1 人f
J

魂0 J ia ny
u

,

W 〔J G u o x 动n g a n d L IU Y im 纽 3 1

V
.

C O N C LU S IO N S

(1 ) Se a s o n a l t r a n s it io n a n d m o n s o o n o n s e t a r e elo s e ly r e la te d t o the v a r ia t io n s in t he

s t r u e tu r e o f the s u b t r o p ie a l h ig h
.

T h e m o n s o o n o n s e t 15 a s s o e ia t e d w ith the a b r u p t

n o r thw a r d m ig r a t io n o f lo e a l m id
一 u p p e r tr o p o s p h e r ie w a r m t e m p e r a t u r e r id g e

.

D u r in g

s e a s o n al t r a n s it io n
,

the a b r u p t eh a n g e s o e e u r in the r m a l a n d d y n a m ie a l s tr u e tu r e s o f

m o n s o o n e ir e u la t io n
.

T he r e v e r s a ls t a k e p la e e in s o m e v a r ia ble field s in e lu d in g w in d
,

te m p e r a t u r e
,

d iv e r g e n e e
,

a n d d e e p e o n v e e tio n
.

T he M T G in th e v ie in ity o f the
W E B

b e tw e e n 2 0 0一 5 0 0 hP a 15 the v a r ia ble th a t v a r ie s m o s t s ig n ifie a n tly
.

(2 ) S in e e th e the r m a l b a s is o f s e a s o n a l t r a n s it io n 15 th e r e v e r s a l o f the M T G n e a r th e

W E B
,

s u eh e s s e n t ia l fe a t u r e s ho u ld b e e m p h a s iz e d in d e fin in g fo r m o n s o o n o n s e t
,

a n d the

o the
r v a r ia b le s w ith ab r u Pt n e s s a r e a ls o e o n sid e r e d

.

It 15 fo u n d tha t th e r e v e r s a l o f the

m id
一u PPe r t r o P o s Ph e r ie (2 0 0 一 5 0 0 hP a ) M T G e a n r e fle e t th e e o lle e t iv e e s s e n t ial fe a t u r e

fo r d iffe r e n t a r e a s in th e A s ia n m o n s o o n r e g io n
.

T he r e s u lt s v e r ify th a t the M T G b e tw e e n

2 0 0一 5 0 0 hPa 15 a PPlie a ble to m e a s u r e the A s ia n m o n s o o n o n s e t
.

(3 ) B a s e d o n the M T G in d e x
,

th e s e a s o n al t ra n sit io n d a t e s fo r in d iv id u a l y e a r s a r e

id e n tifie d q u a n t it a t iv e ly
.

th e tim e s e r ie s o f tr a n s it io n d a te s a n d a s s o e ia t e d w ith m o n s o o n

o n s e t d a t e s fo r the p e r io d 1 9 8 0 一 1 9 9 8 a r e thu s o b t a in e d
.

O v e r th e BO B a n d S C S
,

th e

MT G b e tw e e n 2 0 0 一 5 0 0 hP a 15 w e ll e o r r e la t e d w ith 8 5 0
一

hPa z o n a l w in d
,
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