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T R O PIC A L SE A SU R FA C E T E M P E R A T U R E A N O M A L Y

A N D IN D IA N SU MM E R M O N SO O N
’

Z h u (朱亚芬)
,

Q ia n W
e i人o n g (钱维宏)

De p a r tm e n t o f G eo p hy s ie s
,

Pe k in g U n iv e rs it y
,

B e ijin g 1 0 0 8 7 1

a n d Ye Q I.a n (叶 谦)

In s tit u te o f A t m o s p he r ie Ph ys ie s
,

C h in e se A e a d e m y o f S e ie n e e s
,

Be iji
n g 1 0 0 0 2 9

R e e e iv ed Ju ly s
,

1 9 9 7 : r e v ise d M
a y 2 5

,

1 9 9 8

A BS T R A C T

T h e t im e s e r ie s o f th e se a s u r fa ee te m p e ra t u r e (S S T ) a n o m a ly
,

e o v e rin g the e a s te r n

(w e s te r n ) e q u a t o r ia lP a e ifie
,

ee n tr a l In dia n O ee a n
,

A r a b ia n S e a
,

B a y o f B e n g a l a n d So
u th C h in a

Se a (S C S )
,

h a v e be e n a n a ly z e d by u s in g w a v e le t tr a n sfo r m
.

R e s u lts s h o w t ha t th e r e e x ist s sa m e

in te rd ee a d a l v a r ia b ility o f S S T in the t r o p ie a lP ae ifie a n d t r o p ie a l In d ia n O e e a n
,

a n d a ls o s ho w th a t

th e la st d e e ad a l a br u p t e ha n g e o ee u r r e d in th e 1 9 7 0 5
.

O n th e in te ra n n u a l tim e se a le
,

th e r e is a

s im ila r in te r a n n u a l v a ria bility a m o n g t he e q u a t o ria l e e n t r a l In d ia n O e e a n a n d th e a dj
a e e n t t h r e e se a

b a s in s (A r a b ia n Se a
,

B a y o f Be
n g a l a n d So

u th Ch in a S e a )
,

bu t th e S ST in te r a n n u a l e ha n g e s o f t he

In d ia n O ee a n la g g e d 4 一 5 m o n th s b e h in d th a t o f the e q u a t o r ia l ee n t r a l
一e a s t Pa e ifie

.

M
e a n w h ile

,

th e in t er a n n u a l v a ria b ilit y a n d lo n g
一 ra n g e e h a n g e b e tw e e n SST

a n o m a ly a n d In d ia n s u m m e r

m o n s o o n r a in fa ll in r ee e n t d e e a d es h a v e be e n e x Pla in e d a n d a n a lyz e d
.

It in d ie a te s th a t th er e e x is te d

a w e t (d ry ) p e rio d in In d ia w h e n th e t r o p ie a l S ST w a s lo w e r (h ig h e r ) tha n n o r m a l
,

b u t t he r e w a s

a la g o f p h a s e be tw e e n t h em
.

K e y w o rd s :

SS T (s e a s u r fa ee te m p e r a tu r e ) a n o m a ly
,

v a r ia bility
,

m o n s o o n r a in fa ll
,

w a v e le t

tr a n s fo r m

1
.

IN T R O D U C T IO N

T h r o u g h th e im p le m e n t a t io n o f T O G A (t r o p ie a l o e e a n a n d g lo ba l a tm o s p he r e ) 1 0
-

y e a r p la n d u r in g 1 9 8 5 一 1 9 9 4
.

the in t e r d e e a d a l v a r ia b ility th a t o e e u r r ed in E N SO (E I

N in o / S o u the r n O s e illa tio n ) o e e a n 一 a tm o s Ph e r e in te r a e tio n ha s be e n fo u n d (G r a ha m 1 9 9 4 ;

T r e n b e r th 1 9 9 5 )
.

T h is v a r ia b ility e a u s e d th a t th e tr ad itio n a l E N S O Pr e d ie t io n Pa t t e r n

e o u ld n o t be u s e d s in e e the 1 9 8 0 5
,

a n d th e fo r e e a s tin g o f e o u p le d m o d e l a n d o b s e r v a t io n o f

S S T a n o m a ly w e r e in d is e r e Pa n e y fr o m 1 9 92 t o 1 9 9 5 (Q ia n 1 9 9 7 : Ji e t a l
.

1 9 9 6 )
.

In th e

la t e o f 1 9 7 0 5
,

the t r o p ie a lPa e ifie e x p e r ie n e e d a n ab r u p t in te r d e e a d a l w a r m in g a n d e ha n g e s

o f a tm o s p h e r ie e ir e u la t io n
.

T h is Phe n o m e n o n w a s r efe r r e d t o a s in t e r d e e a d al v a r ia t io n

(W
a n g 1 9 9 5 )

.

U p t o n o w
,

m a n y r e s e a r e he s fo e u s e d o n th e in t e r a n n u l a n d in te r d e e a d a l

,

T his w o r k w a s s u p p o r te d by t he N a tio n a lC lim b in g Pr o
j
e et o fC h in a a n d P r o

j
e e t 4 9 8 7 5 0 1 6 s u p p o rte d

b y N SFC
.
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va r ia bility o n bo th e a s t e r n e q u a t o r ia l Pa eifie a n d A t la n tie S S T a
no m a lie s

,

b u t the d a t a

s e r ie s w a s lim it e d in r e e e n t s e v e r al d e e a d e s 5 0 tha t it e a n n o t w ell illu s t r a te the SS T a n d

e lim a t e in te r d e e a d a l
一e e n tu r ia l v a r ia bility

.

F u r th e r w o r k s ho u ld im p r o v e in th r e e a s p e e t s :

(1 ) t o s tu d y th e in te r a n n u a l a n d in te r d e e a d a l v a r ia b ilit y o f S ST a n o m a lie s in d iffe r e n t

b a s in s
,

e s p e e ia lly in the In d ia n O e e a n a n d the a dja e e n t s e a ba sin s ; (2 ) t o r eb u ild th e d a ta

s e r ie s w ith the t im e s e a le o f s e v e ra l h u n d r e d y e a r s a n d u s e it t o s t u d y SS T o r e lim a t e

in te r d e e a d a l v a r ia b ility : a n d (3 ) d u e to t he r ela t io n s hip b e tw e e n th e S o u th A sia n s u m me
r

m o n s o o n a n d E N SO e v e n ts
,

the ir sPa t ia l
一
te m P o r a l Pha s e r e la tio n sh iP a n d the ir in t e r a e t io n

s ho u ld be s t u d ie d fu r th e r
.

T o e ffie ie n tly e o m Pa r e th e sP a tia l
一
te m P o r a l e ha r a e te r is tie s o f

d iffe r e n t b a s in s o v e r t r o p ie a l o e e a n
,

e s p e e ia lly the fe a t u r e s o f S S T v a r ia t io n s the w a v e le t

t r a n s fo r m h a s be e n u s e d to a n a ly z e the tim e s e r ie s o f S S T a n o m a ly in d iffe r e n t tr o p ie a l

b a s in s
.

T he w a v ele t e o effie ie n t s a s s o e ia te d w ith d iffe r e n t tim e 一 s e a le s e a n w e ll illu s t r a te

SS T v a r ia tio n r ela t io n b e tw e e n b a s in s
.

M e a n w h ile
,

th e re 15 a elo s e lin k a g e b e tw e e n the

S ST in te r a n n u a l/ in t e r d e e a d a l v a r ia bility in th e t r o p ie a l o e e a n a n d the in te n sit y o f the

In d ia n s u m m e r m o n s o o n r a in fa ll
.

11
.

D A T A A N D M E T H ()D O LO G Y

T he d a ta e a m e fr o rn th r e e s o u r e e s
.

(l) S S T d a t a fo r 4 7 ye a r s u s e d in th is p a p e r w e r e m o n thly 2
0

又 2
0

la t it u d e / lo n g it u d e

g r id fo r 1 9 5 0 一 1 9 9 2 a n d m o n thly l
‘’

X l
“

la t it u d e / lo n g it u d e g r id fo r 1 9 9 3 一 1 9 9 6
,

w hie h

e a m e fr o m U S N a t io n a l C e n t e r s fo r E n v ir o n m e n t a lPr e d ie tio n (N CE P )
.

T h u s
,

w e ha v e a

g lo b a l 5 6 4
一

m o n t h S S T d a t a s e t fro m Ja n u a r y 1 9 5 0 t o D e e em b e r 1 9 9 6
.

In o rd e r t o a n a ly z e

in t e r a n n u a l/ in t e r d e e a d a l v a r ia bility
,

w e e ale u la t e d m o n thly S S T a n o m alie s r e la t e d t o

o bs e r v e d 5 6 4
一

m o n th S S T tim e 一 s e r ie s in d iffe r e n t a r e a s
.

A s w e k n o w
,

the s t r o n g e s t s ig n a l

o f S ST v a r ia t io n w a s in e q u a to r ia l e e n t r a l
一e a s t e r n Pa e ifie

.

H o w e v e r
,

o n e e a n e x p r e s s th is

sig n a l b y u sin g a v e r a g e S S T a n o m a ly o f d iffe r e n t d o m a in s s u eh a s N IN O I + 2 N IN O 3 a n d

N IN O 4 in U S C lim a te D ia g n o s tie s B u lle t in
,

a n d o the r d o m a in s N IN O C a n d N IN O W g iv e n

in C h in e s e C lim a t e M o n it o r in g B u lle t in
.

A s sh o w n in T a ble 1 w e e ho o s e s ix do m a in s in the

d iffe r e n t p a r t s o f the t r o p ie a l In d ia n O e e a n a n d t r o p ie a l Pa e ifie to fo r m 6 t im e 一s e r ie s
.

IN D IA N a n d N IN O W
a n d N IN O C e x p r e s s the e q u a t o r ia l e e n t r a l In d ia n O e e a n a r e a

,

e q u a t o r ia l w e s t e r n Pa e ifie a n d e q u a t o r ia l e e n t r a l
一e a s t e r n Pa e ifie (A n g e ll 1 9 8 1 )

r e s p e e t iv e ly
.

T o r e v e al SS T in t e r a n n u a l/ in t e r d e e a d al v a r ia bility o v e r So u th A s ia n

m o n s o o n re g io n w e a ls o eh o o s e a n o the r th r e e d o m a in s
,

1
.

e
.

A r a b ia n S e a
.

B a y o f Be
n g a l

a n d S o u th C hin a S e a (S CS )
.

E a eh d o m a in 15 g iv嘴 in T a b le 1
.

T he SS T t im e 一s e r ie s fr o m

1 9 5 0 t o 1 9 9 6 e a n be g o t ba s e d o n th e a v e r a g e o f a ll g r id s in th e d o m a in
.

(2 ) E N SO in d e x tim e一s e r ie s in the p a s t 5 2 7 ye a r s
.

T o r e v e a l E N SO in t e r d e e a d a l

v a r ia t io n by u sin g lo n g e r d a t a
,

t he m e a s u r ed d a ta in r e e e n t m o r e tha n 1 0 0 ye a r s a r e u s e d

t o fin d th e r ela t io n sh ip be tw e e n the E N S O e v e n t s a n d o th e r fa e t o r s
.

By th is r e la t io n sh iP

o n e e a n o b ta in th e P r o x y d a t a to Pr e s e n t his t o r ie al E N S O e v e n t s
.

If o n e e a n m a ke s e ie n t ifie

e o m bin a t io n o f d iffe r e n t p r o x y d a t a t o r e p r e s e n t the E N S O e v e n ts
,

this r e e o n s tr u e t u r e o f

E N SO in d e x s e r ie s b y u sin g the s e p r o x y d a t a e a n a s s u r e it s q u a lity o n lo n g e r p e r io d
.

W
a n g

(1 9 8 8 : 1 9 9 2 ) e o m bin e d 8 p r o x y d a t a to r e e o n s t r u e t u r e 1 1 4 E IN in o e v e n t s o e e u r r in g d u r ing
14 7 0 一 1 9 8 9

.

H o w e v e r
,

the e q u a to r ia l Pa eifie S S T a n o m a lie s sh o u ld in elu d e tw o a s p e e t s o f
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.

1 3

e o ld a n d w a r m
,

1
.

e
.

E IN in o e v e n t s a n d L a N in a e v e n t s
.

In e lu d in g tw o a s p e e t s o f e o ld a n d

w a r m th e d a ta s e r ie s e a n r e fle e t the in t e r d e e a d a l v a r ia b ility in Pa s t s e v e r a l h u n d r e d ye a r s
.

T h e r efo r e
,

W
a n g (p e r s o n a l e o m m u n ie a tio n ) u s e d E a s t A s ia n s u m m e r lo w

一t e m p e r a t u r e

d a t a s e r ie s
,

ty p h o o n n u m be r s o n Ch in a C o n t in e n t
(W

a n g 1 9 8 8 )
,

th e r ela t io n sh ip b e tw e e n

So u the r n O s e illa t io n a n d t r e e r in g s o v e r w e s te r n N o r th A m e r ie a (L o u g h a n d F r itt s 1 9 8 5 )
,

t o r e b u ild S o u the r n O s e illa t io n In d e x b a s e d o n d r yn e s s / w e t n e s s g r a d e s in C h in a (Z ha n g e t

a l
.

1 9 8 9 )
,

d r o u g ht in A u s t r a lia (N ieh o lls 1 9 8 8 )
,

d r y n e s s in N o r th C h in a
(Cr

u o 19 9 2 )
,

a n d

Q u in n (1 9 7 8 ) re b u ilt th e his to r ie a l r e e o r d o f E I N in o e v e n ts fo r la s t 5 2 7 ye a r s
.

T o

r e p r e s e n t t im e s e r ie s o f th e e q u a t o r ia l Pa e ifie SS T a n o m a ly
,

o b s e r v e d d a t a in r e e e n t ye a r s

a n d p r o x y d a t a sh o u ld be w r it te n a s in d e x fo r m
.

T he r e la t io n b e tw e e n t he g r a d e o r d o m a in

S S T a n o m a ly a n d in d e x e a n be e x p la in e d a s fo llo w s :
(a ) the s tr o n g E I N in o e v e n t o r S S T

a n o m a ly (S ST A ) > 1
“

C w a s d efin e d a s l ; (b ) th e m o d e r a te E I N in o e v e n t o r S S T A ) 0
.

s
o

C

bu t < l
o

C w a s d efin e d a s 0
.

5 : (e ) th e s t r o n g I
J a N in a e v e n t o r S S T A < 一 l

o

C w a s d efin e d

a s 一 1 ; (d ) th e m o d e r a te L a N in a e v e n t o r S S T A < 一0
.

s
o

C b u t S S T A > 一 1
“

C w a s d efin e d

a s 一 0
.

5 ; a n d (e )o th e r e a s e w a s d e fin e d a s o
o

C
.

T a b le l
,

D iffe r e n t D o m a in s o f S ST A n o m a lo u s T im e 一S e rie s

C o d e R e g io n D o m a in

N IN O C e e n tr a l
一e a s te r n Pa e ifie 0 一 1 0

0

5
,

1 8 0 一 9 0
o

w

N IN O W w e s te r n Pa e ifie 0 一 1 0
0

N
,

1 4 0
0

E 一 1 8 0

IN D IA N e q u a t o ria l e e n tr a l In dia n 0 一 1 0
0

5
,

7 1 一 9 5
o

E

A R A BIAN A r a b ia n S e a
9一 1 7

o
N

,

5 5 一 6 5
0

E

B E N G A L B a y o f B e n g a l 1 1一 1 7
o
N

,

8 3 一 9 3
o

E

S C S S(〕u th C h in a S e a 7 一 1 5
o

N
,

1 1 1一 1 1 7
0

E

(3 ) R e e e n t 1 0 0
一

ye a r In d ia n s u m m e r m o n s o o n r a in fa ll d e Pa r t u r e d a ta (Ju n e 一Ju ly 一

A u g u s t r a in fa ll in e v e r y y e a r ) fo r 1 8 7 1 一 1 9 8 6 e a m e fr o m G u o (1 9 9 2 )
.

A ll o f d a t a s e r ie s e x e e p t th e r a in fa ll d a t a h a v e b e e n a n a ly z e d by w a v e le t t r a n s fo r m
.

A s b e e n k n o w n in r e e e n t ye a r s
,

the e o n t in u o u s w a v ele t tr a n sfo r m ha s b e e n a p p lie d in

5 ig n a l d e t e e t io n o f e lim a tie t im e s e r ie s (L a u a n d W
e n g 1 9 9 5 )

.

T h e p r in e ip le o f w a v e le t

t r a n sfo r m 15 t o p r o ie e t tim e s e r ie s s ig n a l o n a w a v e le t ba s is
.

T he w a v e le t t r a n s fo r m

W (s
,

t ) 15 d e fin e d a s the e o n v o lu t io n o f a tim e s e r ie s w ith a w a v e le t b a sis
.

By v a r y in g th e

w a v e le t s e a le 5 a n d th e lo e a liz e d t im e t
,

o n e e a n e o n s t r u e t a p ie t u r e s ho w in g th e a m p litu d e

v a r ia t io n w ith tim e
.

T he w a v ele t b a sis 15 a ls o e a lled a s a n a ly z e d w a v ele t
.

W
e e ho o s e

“

M e x ie a n h a t
’ a s a n a ly z e d w a v e le t to d e te e t th e s ig n a ls tha t a r e in e lu d e d in N IN O C r e g io n

S S T a n o m a ly t im e s e r ie s
.

111
.

S S T A N O M A L Y S IG N A L D E T E C T E D B Y W A V E L E T T R A N SFO R M

A e e o r d in g t o th e d iffe r e n t d o m a in s sh o w n

a n o m a lo u s m o n thly t im e 一s e r ie s
.

Fr o m the s e S S T

in T a b le l
,

w e ha v e e a le u la t e d 6 S S T

a n o m a ly

in t e r a n n u a l v a r ia t io n s r a n g in g fr o m 2 t o 7 ye a r s
,

b u t

t ln le
一 S e r le S

It 1 5 n o t

勺V e C a n

e a sy to

d is t in g u ish

d e t e r m in e
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1 96 0 197 0 1 9 80 19 90 2 00 0

Fig
.

1
.

(a ) S S T a n o m a ly tim e se rie s o f N IN O C d o m a in fo r
J
a n u a r y 1 9 5 0 t o D ee e m be r 1 9 9 6 (u n it : ℃)

a n d (b ) lo e a l w a v e le t e o e ffieie n t s o f N IN OC d o m a in (u n it : 1 )
,

the le ft o r din a te a x is 15 t he

p e r io d (in m o n th ) e o r r e s p o n d in g t o e a e h w a v e le t se a le fr o m 1 t o 1 8 0 m o n th s
.

th e b o t t o m

a b s eiss a a x is 15 tim e (in y e a r )
.

t he s h a d e d a r e a s r e p r e se n t n e g a t iv e w a v e le t e o e ffie ie n ts
.

一 1

⋯⋯卿叭嘶俨恻酬
一一

1 9 5 0 19 60 19 70 198 0 199 0 20 00

Fig
.

2
.

A s in F ig
.

1
.

bu t fo r N IN OW d o m a in
.

in t e r d e e a d a l e ha n g e s
.

T hu s
,

a w a v e le t t r a n sfo r m 15 a p p lie d t o d e te e t th e d iffe r e n t s e a le

s ig n a ls o e e u r r in g in s ix S S T t im e 一 s e r ie s
.

T h e w a v e le t tr a n sfo r m e o e ffie ie n t s a r e a s s o e ia t e d

w ith d iffe r e n t s e a le s a n d t im e s a s s ho w n in F ig
.

lb 一 F ig
.

4 b
.

B a s e d o n the w a v e le t

e o e ffie ie n t s w e e a n e x Pla in s o m e fe a t u r e s o f SS T v a r ia tio n s in d iffe r e n t d o m a in s a s
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19 60 19 7 0 19 80 1 9 9 0

fo llo w s :

(1 ) N IN O C d o m a in
.

A s s ho w n in Fig
.

lb s tr o n g e s t s ig n a ls a r e lo e a t e d

m o n th (5
一

ye a r ) s e a le a n d the S ST a n o m a ly o f th is s e a le 15 e a lle d a s in te r a n n u a l v a r ia t io n
.

A s w e h a v e n o te d in F ig
.

lb th e r e a r e in t e r d e e a d a l t im e s e a le th a t 15 lo n g e r tha n 1 2 0

m o n th s a n d in t e r a n n u a l t im e s e a le o f Z 一 3 ye a r s (2 8
一

m o n th s ) in the e a s t e r n e q u a to r ia l

P a e ifie S S T a n o m a ly
.

O n the in t e r d e e a d a l t im e s e a le
,

n e g a t iv e S S T d e p a r t u r e o e e u r r e d in

p re 一

1 9 7 7 a n d p o sit iv e SS T d e p a r tu r e o e e u r r e d in p o s t
一

1 9 7 7
.

T he S S T d iffe r e n e e be tw e e n

1 9 5 0 一 1 9 7 7 a n d 1 9 78 一 1 9 9 6 h a s r e a e he d 0
.

4 一 0
.

s
o

C (n o t s ho w n )
.

T h is d iffe r e n e e e a n
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e x p r e s s th e in t e r d e e a d a l eh a n g e o f o e e a n b a e k g r o u n d s ta t e
.

O n the in te r a n n u a l t im e s e a le
,

ho w e v e r
,

the r e a r e s o m e r e g u la r v a r ia t io n s o n S S T a n o m a ly t im e s e a le
.

A t th e la r g e r

m a g n it u d e s o f S S T w a v e le t e o e ffie ie n ts th r e e o b v io u s a n t i一E I N in o e v e n t s r e g u la r ly

o e e u r r e d in 1 9 5 5 1 9 7 5 a n d 1 9 9 5
.

O n th e o th e r h a n d
,

w e a ls o n o te th a t the r e 15 2 一 3

ye a r s ’ v a r ia b ility in s o m e t im e r a n g e s
,

s u e h a s in 1 9 60 5 t o e a rly 1 9 7 0 5 bu t n o t in la t e r

1 9 7 0 5 to 1 9 8 0 5
.

(2 ) N IN O W d o m a in
.

C o m p a r in g Fig
.

2 a n d F ig
.

1
,

w e e a n fin d tha t th e a m p litu d e o f

S ST a n o m a ly in N IN OW d o m a in 15 1 / 4 a s sm a ll a s tha t o f N IN O C d o m ain
.

Fr o m d iffe r e n t

t im e 一s e a le s ,

it e a n b e fo u n d tha t th e v a r ia t io n o n in t e ra n n u a l t im e 一 s e a le 15 n o t a bs o lu t e ly

s a m e b e tw e e n the m
,

b u t it 15 e o n s is te n t b e tw e e n th e tw o d o m a in s o n in t e r d e e a d a l tim e -

s e a le e s p e eia lly fo r n e g a t iv e S ST a n o m a lie s o e e u r r in g in 1 9 5 5 a n d x 9 7 5
.

(3 ) In d ia n d o m a in
.

If w e e o m Pa r e the w a v ele t e o e ffie ie n t s be tw e e n In d ia n d o m a in a n d

N IN O C d o m a in
,

it e a n b e fo u n d tha t the r e w e r e s a m e in te r a n n u a l a n d in te r d e e a d a l

v a r ia t io n s e x e e p t th e a m Plit u d e in w h ie h the la t t e r w a s la r g e r th a n the fo r m e r
.

O n the

in te r d e e ad a l t im e 一 s e a le th e S S T in th e In d ia n d o m a in tr a n sfo r m e d fr o m e o o l Pe r io d to

w a r m p e r io d in 1 9 7 7 a s w e ll
.

T he r e w e r e s ev e r a l s a m e n e g a tiv e d ep a r t u r e p e r io d s b e tw e e n

the m
.

s u e h a s 1 9 5 5
,

1 9 7 5
,

1 98 5
,

1 9 8 9 a n d 1 9 9 5
,

(4 ) S S T v a r ia t io n s in A r a bia n
,

B a y o f B e n g a l a n d SCS d o m a in s
.

Fig u r e s 4 a a n d 4 b

a r e S S T a n o m a ly tim e 一s e r ie s in the S C S d o m a in a n d it s w a v e le t t r a n s fo r m e o e ffie ie n t s a r e

a s s o eia te d w ith d iffe r e n t s e a le s a n d tim e s
,

S S T v a r ia t io n s a n d th e ir w a v e le t t r a n sfo r m

e o e ffie ie n ts in A r a bia n a n d B a y o f B e n g a l w e r e s im ila r to tha t o f t he S CS d o m a in
.

T h e

r e s u lt in d ie a t e s tha t t h e in te r d e e a d a l S S T v a r ia tio n s a n d the ir t r a n sfo r m tim e fr o m e o o l

Pe r io d t o w a r m P e r io d in th e th r e e d o m a in s w e r e s im ila r to tha t o f In d ia n a n d N IN OC

d o m ain s
·

A n o the r p h e n o m e n o n
.

fiv e e o ld p r o e e s s e s o e e u r r in g in 1 9 ss
,

1 9 6 5
,

19 7 5
,

1 9 5 5

a n d 1 9 9 5 e a n b e s e e n in the th r e e fig u r e s
,

1
.

e
. ,

the in te r d e e a d a l e o o l SS T a n o m a lie s o n e e

Fig
.

5
,

L e a d a n d la g e o r r e la tio n e o e ffie ie n ts be tw e e n In d ia n a n d N IN OC d o m a in s o n th e d iffe r e n t tim e -

s ea le b a s e d o n w a v e le t eo e ffie ie n ts o f F ig
.

3 b a n d Fig
.

lb (u n it : 0
.

0 1 )
,

th e le ft o r din a te a x is 15

th e p e r io d (in m o n th ) eo r r e s p o n din g t o e a e h w a v e le t se a le fr o m 1 t o 1 8 0 m o n th s
,

t he b o t to m

a b se is s a a x is 15 Ie a d (p o s itiv e ) o r la g (n eg a tiv e ) tim e (i n m o n th )
,

the n e g a tiv e tim e r e pre
se n ts

t ha t In dia n S S T a n o m a ly s e rie s la g g e d be h in d th a t o f N IN O C
.
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.

1 3

Pe r 1 0 一ye a r s
.

In e o m p a r is o n o f the w a v e le t e o e ffie ie n ts o f th e S ST a n o m aly in d iffe r e n t d o m a in s
,

w e

e a n fin d tha t s t r o n g e r s ig n a ls o e e u r r e d in th e N IN O C r e g io n a n d In d ia n d o m a in
.

In o r d e r

t o id e n tify th e p ha s e r e la t io n s hip o f In d ia n a n d N INO C d o m a in s
,

w e e a le u la t e d le a d a n d

la g e o r r e la tio n e o e ffie ie n ts be tw e e n th em ba s e d o n w a v e le t e o effie ie n ts o f the d iffe r e n t

t im e 一 s e a le a s sh o w n in Fig
.

5
.

A s s e e n in F ig
.

5
,

th e r e 15 a 4 一 5 m o n th la g e o r r e la tio n

b e tw e e n th em o n th e in te r a n n u al t im e 一 s e a le (7 0 一 8 0 m o n th s )
,

1
.

e
.

S S T a n o m a ly in the

e a s t e r n e q u a t o r ia l Pa eifie s ta r t e d e a r lie r tha n th a t o f th e e q u a to r ia l In d ia n O e e a n by 4 一 5

m o n th s a n d the ir e o r r ela t io n e o e ffie ie n t w a s hig he r th a n 0
.

8
.

T h e r e w a s als o h ig h

e o r r e la tio n o n in t e r d e e a d a l t im e 一s e a le (lo n g e r th a n 1 2 0 一m o n t h s )
.

IV
.

S S T A N O M A LY A N D IN D IA N SU MM E R M O N SO O N R A IN FA LL

T h e e ha n g e s o f a tm o s p he r ie e ir e u la t io n e a u s e d by t em p e r a tu r e e o n t r a e t o v e r la n d a n d

s e a w ith s e a s o n s a r e e a lle d a s m o n s o o n in d e te r m in e d a r e a s
.

D u e t o th e r e la t io n s hiP

be tw e e n the m o n s o o n a n d ra in fa ll
,

th e s u m m e r m o n s o o n 15 a ls o u n d e r s to o d a s th e s t a r t

a n d e n d o f r a in fa ll
.

Fr o m this d efin it io n th e r a in fa ll w ill be la r g e r tha n n o r m a l if th e

s u m m e r m o n s o o n 15 s tr o n g e r
.

R e e e n tly
,

th e s t u d y m a d e b y Ch a t to p a d h ya y a n d Bh a tla

(1 9 9 6 ) b a s e d o n th e ye a r ly s u m m e r m o n s o o n r a in fa ll o v e r the w ho le In d ia n r e g io n fo r 1 9 0 1

一 1 9 9 0 fo u n d th a t the E N S O e v e n t u s u ally o e e u r r e d in the y e a r o f d efie ie n t m o n s o o n

r a in fa ll (d r y )
,

bu t th e a n ti
一

E N SO e v e n t a p p e a r e d in the ye a r o f p le n t ifu l m o n s o o n ra in fall

(w
e t )

.

D u e to a r e a s o n a b ly s tr o n g r e la tio n sh ip o f S S T a n o m a 1ie s b e tw e e n In d ia n O e e a n

a n d e a s t e r n e q u a t o r ia l Pa e ifie
.

w e ha v e n o te d th a t o n the in t e r a n n u a l t im e 一 s e a le th e In d ia n

s u m m e r m o n s o o n 15 w e a ke r (s t r o n g e r ) w h e n SS T 15 a p o s it iv e (n e g a t iv e ) a n o m a ly
.

O b v io u sly
,

if a s s u m in g tha t th e r e a r e n o a n o m aly t e m p e r a t u r e a n d m o is t u r e e h a n g e s o v e r

la n d w ith s e a s o n
,

the la n d
一 s e a t em p e r a t u r e e o n t r a e t 15 o n ly d e t e r m in e d b y a bn o r m a l

v a r ia t io n o f S S T o v e r the In d ia n O e e a n a n d the a dia e e n t s e a ba s in s
.

5 0 th a t if the la n d
一s e a

t e m p e r a t u r e e o n t r a e t 15 la r g e r
,

tha t 15 n e g a tiv e S ST a n o m a ly o e e u r r in g o v e r th e Ind ia n

O e e a n a n d e a s t e r n e q u a to r ia l Pa e ifie
,

th e r e w o u ld b e a s t r o n g e r In d ia n s u m m e r m o n s o o n
.

R e e e n tly
,

Y o u a n d Q ia n (1 9 9 7 ) in tr o d u e e d the In d ia n O e e a n a n d Pa e ifie S S T a n o m a lie s a t

th e typ ie a l E I N in o a n d L a N in a e v e n t p ha s e s in t o a tw o 一

la ye r a tm o s p h e r ie g e n e r a l

e ir e u la tio n m o d e l (A G CM ) to sim u la te the lo w
一

le v e l a tm o s p h e r ie e ir e u la t io n a n o m a ly the

r e s u lt w a s sim ila r t o th a t o f the o b s e r v a tio n
.

D u r in g the p ha s e o f E IN in o (L a N in a ) e v e n t

p e r io d
,

the a n o m a lo u s w e s t e r ly (e a s te r ly ) a p p e a r e d in the lo w
一

le v e l a tm o sPhe r e o v e r the

t r o p ie a l Pa eifie a n d a n o m a lo u s w in d t o w a r d (d e p a r t in g fr o m ) e q u a t o r o e e u r r e d in the

S o u th e a s t A s ia n
.

T his s im u la t io n e a n e x p la in th e e ffe e t o f th e S S T a n o m a ly in th e In d ia n

O e e a n a n d Pa e ifie o n m o n s o o n e ir e u la tio n a n d it s p o s s ible im p a e t o n s u m m e r m o n s o o n

r a in fa ll
.

T his r e la t io n s hip e a n be a ls o e le a r ly s e e n in F ig
.

6
,

sh o w in g the s u m m e r (Ju n e一

S e p t em be r ) r a in fa ll a n o m alie s in In d ia n
,

w ith bla ek e o lu m n s r e p r e s e n tin g th e E IN in o a n d

s ha d e d e o lu m n s r e p r e s e n t in g the L a N in a
.

Fr o m Fig
.

6 it e a n b e s e e n th a t th e w e ak e r

In d ia n s u m m e r m o n s o o n r a in fa ll o e e u r re d w h e n the S ST w a s p o s it iv e a n o m a ly a n d the

s t r o n g e r ra in fa ll a p p e a r e d in n e g a t iv e S S T a n o m aly
.

T he r ela t io n s hip b e tw e e n th e in t e r a n n u a l SS T a n o m aly a n d ye a r ly In d ia n s u m m e r

m o n s o o n r a in fa ll h a s be e n s t u d ie d by m a n y r e s e a r e he r s (G u o 1 9 9 2 : Ch a tt o p a dh ya y a n d
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1 6 1

Fig
.

6

Fig
.

7
.

(a ) E N S O in d e x tim e s e rie s fo r 1 4 7 0 一 1 9 9 6 (b ) lo e a l w a v e le t eo e ffie ie n ts o f E N SO in d e x

(u n it : 0
.

2 )
,

th e Ie ft o rd in a te a x is 15 w a v e le t s ea le
,

t he b o t t o m a bs e is s a a x is 15 tim e (in 界
a r )

,

th e d a s h e d a r e a s r e p r e s e n t n e g a tiv e w a v e le t e o e ffie ie n ts tha t m e a n e o ld SS T
.

B ha tla 1 9 9 6 )
,

th e ir r e s u lt s w e r e b a s ie a lly in e o n s is te n e y
.

O n th e o th e r ha n d fo r

in te r d e e a d a l e ha n g e s
,

w e u s e the E N SO in d e x (F ig
.

7 ) p r o v id e d by Pr o f
.

W
a n g S h a o w u t o

a n a ly z e it s r ela t io n w ith t h e lo n g
一 r a n g e eh a n g e o f the In d ia n s u m m e r m o n s o o n r a in fa ll

.



1 6 2 A CT A M E T E O R O LO G IC A S IN IC A V o l
.
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T he w a v e le t e o e ffie ie n ts e a le u la t e d b y E N SO in d e x sh o w n in F ig
.

7 b in d ie a t e t h a t th e r e a r e

r e m a r ka ble in t e r d e e a d a l a n d e e n t u r ia l v a r ia bility in th e p a s t 5 0 0 ye a r s
.

In Fig
.

7 b
,

d a sh e d a r e a s a n d n o n 一

d a sh e d a r e a s r e p r e s e n t e o ld a n d w a r m S S T p e r io d s

r e s Pe e tiv e ly
.

F r o m Fig
.

7 b it e a n be s e e n th a t th e r e o bv io u sly 15 p e r io d ie it y in the

fr e q u e n e y o e e u r r e n e e o f w a r m e v e n t s o r e o ld e v e n ts
,

1
.

e
.

th e r e w e r e in t e r d e e a d a l a n d

e e n t u r y v a r ia b ility in the e q u a t o r ia l S S T a n o m a ly
.

It s ho u ld b e n o t e d in the p a s t 5 0 0 ye a r s

th a t th e r e e x is t e d s e v e r a l a b r u p t tim e s in E N S O in d e x
.

O n the 7 0
一

ye a r tim e 一 s e a le the s e

t im e s e a n be lis t e d a s 1 5 6 0 m id 1 5 9 0 5
,

1 6 2 0
,

1 6 8 0
,

1 7 2 0
,

m id 1 7 4 0 5
,

1 7 9 0 5
,

18 3 0
,

1 8 6 0
,

1 9 0 0 5
,

1 9 4 0 a n d 1 9 7 0 5
.

Fr o m 1 4 7 0 t o 1 9 90
,

o n the 7 0
一

y e a r t im e 一 s e a le the r e w e r e 7

p e r io d s in w h ieh th e E I N in o e v e n t s w e r e m o r e tha n n o r m a l
.

S in e e th is e e n t u r y
,

SS T

a n o m a ly t r a n s fo r m e d fr o m w a r m to e o o l in 1 9 3 0 5 a n d fr o m e o o l t o w a r m in 1 9 7 0 5
.

A lth o u g h th e tim e 一 s e r ie s o f In d ia n s u m m e r m o n s o o n r a in fa ll 15 s ho r t e r th a n th a t o f SS T

a n o m a ly
,

it s t ill e a n s e e its in te r d e e a d a l v a r ia bility (in F ig
.

6 )
.

D u r in g 1 9 3 0 一 1 9 5 0 In d ia n

s u m m e r m o n s o o n r a in fa ll w a s a r e la tiv e w e tn e s s p e r io d b u t d u r in g b e g in n in g o f th is

e e n t u r y a n d la t e r 1 9 6 0 5 it e r o s s e d tw o d r y n e s s p e r io d s
.

C o m p a r in g F ig
.

6 a n d F ig
.

7 w e e a n

s e e tha t In d ia n s u m m e r m o n s o o n r a in fa ll n o t o n ly h a s s a m e in te r d e e a d a l v a r ia t io n a s SS T

a n o m a ly b u t a ls o ha s Pha s e d iffe r e n e e b e tw e e n th em
.

T he in t e r d e e a d a l v a r ia t io n o f In d ia n

s u m m e r m o n s o o n r a in fa ll m a y b e a ls o the r e s u lt o f im p a e t o f lo n g
一
t e r m S ST a n o m a ly a n d

o th e r fa e to r s
.

V
.

C O N C L U S IO N S A N D D IS C U SS IO N

T h r o u g h th e a n a lys is o f th is p a p e r
,

s o m e e o n e lu s io n s a n d p r o b lem s n e e d e d t o fu r the r

s t u d y e a n be lis t e d a s fo llo w s :

(1 ) T he w a v e le t t r a n s fo rm t e e hn iq u e e a n b e u s ed t o d e t e e t d iffe r e n t t im e s e ale sig n a ls

th a t in e lu d e d in S S T tim e s e r ie s a n d the s e s ig n a ls e a n be e o m p a r e d a s w e ll
.

T he r e a r e

e o n sis t e n t S S T in t e r d e e a d a l e ha n g e s a lo n g the t r o p ie a l Pa e ifie a n d In d ia n O e e a n a n d the

a dia e e n t b a sin s
.

O n the in t e r d e e a d a l t im e s e a le
,

the la te r 1 9 7 0 5 w e r e th e t im e tha t the S ST

a n o m a ly tr a n sfo r m e d fr o m e o o l s ta t e to w a r m s ta t e
.

W h a t e a u s e s th e e ha n g e o f

in te r d e e a d a l b a e kg r o u n d s ta t e n e e d s t o fu r the r s tu d y
.

(2 ) O n th e in te r a n n u a l tim e s e ale o f S S T a n o m a ly
,

the s tr o n g e s t s ig n a l w a s lo e a te d in

the e a s te r n e q u a t o r ia l P a e ifie a n d a n o the r s t r o n g e r sig n a l w a s lo e a t ed in th e e q u a to r ia l

In d ia n O e e a n
.

G e n e r a lly
,

the SS T a n o m alie s a n d th e ir e ha n g e s w e r e e o n s is te n t in b o th th e

e a s te r n eq u a t o r ia l Pa e ifie a n d the e q u a t o r ia l In d ia n O e e a n
,

b u t the S S T eh a n g e p h a s e in

the e q u a t o r ia l In d ia n O e e a n w a s la g b eh in d th a t o f the e a s te r n e q u a t o r ia l Pa e ifie b y 4 一 5

m o n ths in d e t a il
.

T his p h a s e d iffe r e n e e m a y in e lu d e a n u n k n o w n m e eh a n is m
.

(3 ) T h e s tr o n g e r (w e a k e r ) In d ia n s u m m e r m o n s o o n r a in fa ll o e e u r s a t th e p e r io d o f

e o o l (w a r m ) S S T in the b o th e a s t e r n e q u a t o r ia l Pa e ifie a n d In d ia n O e e a n
.

T h is

r e la t io n s h iP e a n b e e x p la in e d b y la n d
一s e a t em p e r a tu r e e o n t r a e t o v e r th e tw o o e e a n s a n d

A s ia n C o n t in e n t
.

(4 ) T he r e la tio n s hiP be tw e e n the In d ia n s u m m e r m o n s o o n a n d th e SS T a n o m a ly in

th e e a s t e r n e q u a to r ia l Pa e ifie ha s be e n s tu d ie d b y m a n y r e s e a r e he r s
,

e
.

9
. ,

W
eb s t e r a n d

Y a n g (1 9 9 2 ) a n a ly z e d the r e la t io n sh ip be tw e e n th e S o u th A s ia n m o n s o o n a n d E N S O

e v e n t s b y u sin g d e ta ile d d a t a
.

R e e e n tly
,

Y a n g a n d L a u (1 9 9 7 ) in t r o d u e e d th e SS T a n d th e
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s u r fa e e m o is tu r e a n o m a lie s in t o A G CM to d e t e e t th e ir d ir e e t e ffe e t o n th e

So
u th A s ia n

m o n s o o n
.

A ll o f the s e im P a e ts o n m o n s o o n n e ed t o fu r the r s t u d y a n d s im u la t e
.

T h e E N S O in d e x w a s p r o v id e d b y P r o f
.

W
a n g S h a o w u

.

R E FE R E N C E S

A n g e ll
,

J
.

K
.

(1 9 8 1 )
,
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