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IN D IC E S A N D T H E IR R EM O T E R E S PO N S E T O

T H E E L N IN O E V E N T S IN T H E

N O R T H E R N H E M IS PH E R E
*

Z h : ,
Qla n g e n (朱乾根) a n d Sh i (施 能)

N a nJ i n g In s tit u 一e o fM e teo r o lo g y
,

N a
nj in g Z 10 0 4 4

R e ee iv e d D ec em b e r 2 9
,

19 9 1

A B S T R A C T

In th ls st u d y
,

th e m o n thly a n d se a so n a l te lec o n ne e tio n in te n sity in d ie e s o f th e Pae ifi e / N o r th A m er iea n ( PN A )
.

W e s t e r n A tla n t le (W A )
,

W
e ste r n P a eifi c ( W P )

,

E a ste r n A tla n tie (E A )
a n d E u r a sia n ( E U ) Pa t te r n s fo r th e Pe r io d

fr o rn 1 9 5 1 th r o u g h 19 9 0 a re e a le u la te d
.

o n this b a sis
,

th eir e lim a tie v a ria tio n s a n d the r ela tio n ship b e tw ee n the fi v e

te le c o n n ec tio n in te n sity in d ie es a n d the E I N in o e ve n ts a r e e x a m in e d
.

It 15 n o te d tha t w he n E IN in o 15 a t its m a tu r e s ta g e

( w In te r )
,

the w ea k W P Pa tte r n 15 m a in ly e ha r a e te risrie o f lhe e ir e u la tio n a n d th e st r o n g PN A Pa tte r n 15 the n e x t
.

In

su m n l e r w he n E I N in o

occ
u r s a n d d evc lo p s

,

the stro n g E U
,

w ea k W P a n d w ea k W A p a tte r n s a r e rhe m a in e ha r a e te ris
-

t ze s w ith o u t the PN A ejrc u la tio n a n o m a lio s
.

Fin a tly
,

by the n o n lin e a r m a PPin g m e tho d a n o n lin e a r m a PP in g d ia g ra m 15

es ta b llshe d fo r d ia g n o s in g E I N in o u sin g th溉
su m m er te le e o n n ee tio n in te n sity in d ic es a n d M a y a n d A u g u st So u the r n

O sc llla t一o n In d ie es ( 5 0 15 )
.

T hu s , the E I N in o Phe n o m e n o n
oc

eu r rin g in 19 9 1 15 d ia g n o se d
.

B e sid es
,

the w in te r a tm o s
-

p h e r一e e ir c u la tio n o f the 19 9 1 / l9 9 2 E lN in o is fo u n d to be the w e a k W P P a tter n a n d the PN A P a tte r n is a lso w e a k
.

K ey w o r d s : t eleeo n n ee tio n P a t te r n
,

E lN in o
,
n o n lin e a r m a PPin g

,

re m o te re sPo n se

IN T R O D U C T IO N

W a lla e e a n d G u tz le r (W G fo r sh o r t )(19 8 1)Pu t fo 俐
a rd fi ve n o r the r n te le e o n n e e tio n Pa t

·

te r n s fr o m ye a rs o f o b se rv a tio n a l stu d y in the n o r th er n w in ter
, n a m e ly

,
the PN A

,

W A
,

W P
,

E A

a n d E U Pa tte rn s
.

Stu d y o f the se Pa tter n s w ill eo n trib u te to the u n d e r sta n d in g o f th e q u a si一 s ta
-

tio n a ry s tr u et u r e o f the n o r th er n w in ter a tm o sPher ie e irc u la tio n a n d the im Pr o v em en t o f lo n g 一

a n d sh o r t一r a n g e w e a the r fo ree a stin g
.

R e e e n tly m e teo ro lo g ists ha v e m a d e m a n y in v e stiga tio n s o n th e E I N in o ev e n ts a n d th e

a ir一sea in te r a e tio n
.

It se em s tha t th e e o n e ePt o f te lee o n n ee tio n 15 re la ted to the fo llo w in g v iew s :

in th e E N S O e ve n ts the re m o te re sPo n se o f the n o r ther n w in te r to th e eq u a t o r ia l he a t s o u rc e

c a u ses sta tio n a ry w a v es c o r re sPo n d in g to the b a ra tr o Pie st ru etu r e ,

Pro d u e in g the PN A Pa tter n
.

Sh u k la a n d W
a lla e e ( 19 8 3 )

,

H o sk in s a n d K a r o ly ( 19 8 1 )
,
a n d H u a n g ( 19 8 6 )

, u sin g n u m er iea l

m o d e ls
,

Po in te d o u t th a t the s e a s u rfa ee te m Pe ra t u r e ( SST ) a n o m a ly in the eq u a to ria l ea st Pa
-

e ifi e w o u ld ea u se the PN A a tm o sPhe rie cir eu la tio n a n o m a ly in the N o r the r n H em isPh er e
.

H o w ev e r ,

it 15 im Po r ta n t to n o te tha t w h ile Pu ttin g fo rw a rd the fi v e te lee o n n ee tio n Pa tter n s ,

W G o n ly ea le u la ted te lee o n n ec tio n in d iee s o f 1 5 w in ter s
,

i
.

e
. ,

the w in te r tim e fr o m

*
T h王5 st u d y 15 sPo n so r cd by 宜he N a rio n a lN a ru ra lSe ie n ee Fo u n d a tio n a n d M o n so o n R ese a rc h Fu n d s

.
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19 6 2 / 19 6 3 t o 19 76 / 19 7 7
.

T h e E l N in o e ve n ts o ee u r r in g d u r in g th is Per io d o f tim e a r e less

th a n ha lf o f th e ev e n ts in 4 0 yea r s
.

A s lo ts o f lite ra tu r e h a v e m e n tio n ed
,

the PN A Pa tte rn e a u s
-

in g the 19 7 6 / 19 7 7 sev er e w in te r in N o r th A m er ic a w a s the s tro n g e s t PN A Pa tte r n in this tim e

Pe r io d
.

A ee o r d in g to the e a ic u la tio n in this stu d y
,

th e 19 7 6 / 19 7 7 w in te r h a s e x Pe rie n e e d the

s tr o n g es t PN A Pa tter n in the Pa st 4 0 ye a r s
.

In fa e t
,

the r e h a s n o t b e e n m u eh sim ila rity in the

g e o g r a Ph ic d is tr ib u tio n o f tem Per a t u r e o v e r the U n ite d S ta te s in the E l N in o w in te r fo r the la st

4 0 yea r s
.

R ec e n tly
,

H u a n g (19 9 1) Po in te d o u t the a b se n ee o f th e PN A Pa tte rn in the E l N in o

w in te r o f 19 7 2 / 19 7 3 a n d th e r o le tha t the b a sic fl o w Pla ys in th e Pr o Pa g a tio n o f the Pla n e ta ry

w a v es
.

M o r eo v er ,

w he n the str o n g PN A Pa t te r n 15 o bse r v ed in w in te r ,

the E I N in o d o es n o t n e c -

es s a r ily o c eu r
.

E v en w he n the a n ti一PN A Pa tter n (the PN A in te n sity 15 n e g a tiv e ) 15 ex Pe r ie n e ed

in w in te r ,

th e E IN in o Phe n o m e n o n 15 Pr o ba b ly o c eu r rin g
.

5 0 fa r o b se rv a tio n a ls tu d ies ha v e n o t

yie ld ed Pe rfe e t re su lts
.

B e sid es
, n u m erie a lm o d ellin g h a s n o t be en v e ry e n e o u ra g in g

.

In term s o f

the m o d e l o f G o d d a rd L a b o r a to ry fo r A tm o sPh e r ic S eien c e s ( G L A S ) fo r tim e in te g r a tio n ,

Shu kla a n d W
a llae e ( 19 8 3 ) ha s sim u la te d

,

fr o m the eo m Po site E I N in o S ST a n o m a ly
,

the re
-

sP o n se w hieh 15 v ery sim ila r to th e a e tu a l E I N in o eirc u la tio n
.

H o w ev e r ,

Fe n n essy e t a l
.

(19 8 5 )
e o u ld h a r d ly sim u la te the 19 8 2 / 19 8 3 w in ter e ir e u la tio n a n o m a ly b y u sin g a sim ila r m o d el

.

T he n
j
u st w ha t 15 the re la tio n shiP b etw ee n the tele e o n n e c tio n Pa t te r n a n d th e E I N in o ev e n t?

W h ie h o f the E IN in o w in te rs e o r r esPo n d to the PN A Pa tte rn a n d w h ie h d o n o t? W h ic h o f the

te le e o n n ec tio n Pa tter n s a re a b n o

rm
a l? A n d it 15 n eee ssa ry t o m a k e d e ta ile d stu d y o f th e e ha r a e

-

te ristic s o f the tele c o n n e c tio n Pa tter n s d u rin g th e o ee u rr en ee a n d d ev e lo Pm e n t o f E IN in o in a d
-

d itio n to the ci r e u la ti o n Pa tter n s w h en E IN in o 15 a t its m a tu r e sta g e
.

A ll th ese o bser v a tio n a l

stu d ies a re o f sig n ifi ea n ee to the th o r o u g h in v e stig a tio n o f the E l N in o Ph en o m e n a a n d th e

a ir‘
ea in te ra c tio n a n d to th e the o ry o f n u m er iea lm o d e ls a n d the ir a PPlie a tio n

.

In th is stu dy
,
th e tim e Per io d fo r th e te le c o n n e etio n in te n sity in d ice s d e fi ne d b y W G 15 fi r s t

in c r e a se d fr o m 15 to 4 0 ye a r s a n d e x Pa n d ed fr o m w in te r to fo u r se a so n s (tw e lv e m o n th s )
.

See
-

tio n 11 g iv es th e e a le u la tio n r esu lts a n d d isc u sse s the ir r elia bility a n d a ec u r a ey
.

In Se c tio n 111

th eir in te r m o n thly v a ria tio n s a n d la g c o rr e la tio n c h a r a e te ristic s a r e e x a m in e d
.

Se c tio n IV sh o w s

the telee o n n e etio n Pa tte rn s w he n E IN in o 15 a t its m a tu r e sta g e
.

T h e eh a r a c te r is tic s o f th e eir e u
-

la tio n a n o m a lie s d u r in g th e E I N in o o cc u r re n ee a n d d e v e lo Pm e n t a re g iv e n in Se e tio n V
,

in

w hic h the n o n lin e a r m a PPin g d ia g ra m sho w in g the d ia g n o sis o f E I N in o by u sin g the Pr e一A u
-

gu st telee o n n e etio n in ten sity in d iee s a n d the 5 0 1 15 esta b lishe d
.

T he c o n e lu sio n 15 Pre sen ted in

See tio n V l
.

11
.

T H E N O R T H E R N T E L E CO N N E C T IO N PA T T E R N S A N D T H E IR IN T E N SIT Y IN D IC E S

F ig
.

1 g iv es the n o r the r n te le c o n n e etio n Pa tter n s d efi n ed by W G
.

A n d th e g e o g r a Ph ic lo c a
-

tio n s o f th e a tm o sPhe r ic a c tiv ity c e n te r s a r e sh o w n in T a ble 1
.

F r o m the h eigh t v a lu e s a t th e 5 0 0 hPa o f th e a tm o sPh er ic a etiv ity ee n te r s a n d by sta n d a r d i
-

z a tio n ,

the Jan
.

19 5 1一 D ee
.

19 9 0 m o n th ly te le e o n n e c tio n in ten sity in d ic e s o f th e fi v e

tele eo n n e e tio n Pa tte r n s a r e e a le u la te d T he 50 0 hPa he ig ht d a ta e o m e fr o m the lo n g 一r a n ge

w ea the r Pr ed ietio n d a ta ba n k ta Pes o f the S ta te M e te o r o lo g ic a l A d m in istr a tio n a n d the

ea le u la tio n s a r e a ll c o m Ple te d o n the M 一3 6 0 e o m Pu ter
.

T h e se a so n a l te le e o n n e e tio n m e a n in
·

ten sity in d iee s a r e th u s d e term in ed fr o m th e m o n th ly d a ta
, sP rin g (M a r e h一M a y)

, s u m m e r

(Ju n

叶A u g
.

)
, au tu m n (S eP一N o v

.

) a n d w in ter (D e e

一Feb
.

)
.

F o r the lim it o f sPa c e , o n ly th e

w in te r te le c o n n ee tio n Pa tte rn in d iees a re g iv en in T a ble 2
.
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F19
.

1
.

T he te le e o n n ee tio n Pa tte r n s d e fi n ed b y W a lla e e a n d G u tz le r (19 8 1 ) a n d th e eo r r esP o n d io g a tm o sPhe rie a e

r, v ity ee n te r s (m ea n in g o fA 一N se e T a ble l )
.

T a b le 1
.

T he T e lee o n n ec tio n Pa tte r n s a n d T he ir A e tiv ity C en te rs

S e q u en e e G e o g r a Phie lo e a tio n Pa tte r n
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w
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EGF
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.
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o
N

,

5 5
o
N

5 5
o
N

40
o
N

W P

,

2 0
o
E

,

7 5
O
E

14 5
o
E

E U

LMN

W h a t 15 the re lia bility o f the d a ta g ive n in T a b le Z ? W G h a s m ad e ea leu la tio n s fo r th e w in
-

te r Per io d o f 19 6 2 / 19 6 3一 19 7 6 / 19 7 7
.

It 15 n ec essa ry to eo m Pa re W G
’
5 r esu lts w ith tho se g iv

-

e n fo r thq 4 0一ye a r Pe r io d in T a ble 2
.

S trie tly sPe a kin g
,

it 15 d esir ab le to e x a m in e th e fr e q u en ey



4 3 6 A C T A M E T E O R O LO G IC A S IN IC A V 0 1
.

6

T a ble 2
.

T he W in te r In te n sity In d ice s o f the N o rther n T e lee o n n ee tio n Pa rte rn s (19 5 1 / 19 5 2一 19 9 1 / 19 9 2 )

YYY e a rrr PN A W A W P E A E UUU

111 9 5 111 一 0 .8 4 一0
.

2 2 一0 4 9 0
.

17 0
.

4 999

111 9 5222 0 3 3 0 4 6 0
.

0 5 0
.

8 8 0
.

2 888

1119 5 333 一0
.

3 3 一0
.

4 2 ee 0
.

3 3 0 4 0 一0
.

8 111

1119 5444 一0
.

6 1 1
.

12 0
.

1 8 0
,

19 0 4 000

1119 5555 一0 乡7 0
.

5 5 0
.

9 8 0
.

5 5 一0
,

0 555

1119 5666 一 1
.

1 5 一0
.

7 9 1
.

0 1 ee 0 4 0 一0
.

1 555

1119 5 777 0
.

79 1
.

4 0 一0 3 7 0
.

14 0
.

1666

1119 5888 一0
.

17 we 0 6 1 we 0 4 6 一0 16 一0
.

1444

1119 5 999 0
.

5 5 0
.

5 7 一0
.

4 7 一0
.

8 4 一0 刀lll

1119 6 000 0
,

6 4 一0
.

9 8 0
.

0 5 一 l
‘

2 9 0
.

1 111

1119 6 111 一0
.

3 1 一0
.

4 5 0
.

9 5 一 0 2 4 0
.

6444

1119 6 222 0 3 8 一0
.

0 2 1
.

2 3 0
.

5 7 0 7 333

1119 6 333 0
.

7 2 we 0
.

2 3 we 0
.

5 1 0
.

5 7 一0
.

5 666

1119 6 444 一0
.

7 1 0
.

6 6 0
.

3 2 0
.

7 2 0
.

3 000

1119 6 555 一0
.

2 1 0
.

5 6 一 1
.

0月 一0
.

9 9 0
.

1 555

111 9 6 666 0
.

0 6 一0
.

0 5 ee o
.

4 1 0
.

1 5 0
.

4 111

1119 6 777 一0
.

10 1 0 8 0
.

9 7 0
.

9 4 0 名222

1119 6 888 ~ 0
.

5 9 1
.

14 we 0
.

6 0 一0
.

0 4 一 1
.

0 444

111 9 6999 0
.

6 6 0
.

7 2 ee C 2 4 一0
.

1 3 0
,

4 999

1119 7000 一0
.

5 6 一0
.

0 1 0
.

4 8 0
.

2 1 一0 乃333

1119 7 111 一 1
.

20 一0
.

5 2 一 0
.

4 0 0
.

0 7 一 1 3 555

1119 7222 0
,

0 9 一0 4 2 一0 名3 一0
.

3 0 一 1 0 666

1119 7333 一0
.

2 6 一0
.

2 5 0 夕7 一0 乃0 0 0 000

1119 7 444 一0
.

1 1 一0
.

3 4 一0
.

1 0 一0 0 7 0 1222

1119 7 555 一0
.

12 一0
.

0 6 we 0
.

0 0 1 0 1 一0
.

2 888

1119 7 666 1
.

2 1 0
,

0 3 ee 0
.

1 3 一0 6 8 0
.

5 666

1119 7 777 0
.

8 1 0
.

2 2 一0
.

16 we 0 2 6 一0
.

1222

1119 7 888 一0
.

4 8 0
.

3 2 一0 .9 4 一0 2 5 一0乃666

1119 7 999 0
.

34 0
.

1 2 0
,

1 3 一0
.

17 0
.

0 111

1119 8 000 0
.

76 0
.

2 4 0 9 5 0
.

3 2 0
.

7 333

1119 8 111 一0 万6 0
.

10 一O
,

0 6 一0 3 6 一0
.

0 444

1119 8 222 0
.

9 4 0
.

0 9
’

一0
.

8 4 0
.

19 0
.

1 000

1119 8 333 0
.

2 2 一0 5 3 0
.

9 9 一0
.

5 4 0 刀222

1119 8 444 一0
.

2 9 一0
,

2 1 0
一

3 9 0 3 5 0 2 666

1119 8 555 0
.

8 8 ee 0 7 5 0
.

5 5 一0
.

10 0 6 555

1119 8 666 0
.

8 6 0 66 一0
.

3 5 0
.

2 9 一0
‘

2 111

1119 8 777 0
.

3 3 一0 4 3 一0
.

9 9 一0
.

17 0 刀666

1119 8 888 一0 6 6 一0
,

9 3 一0
.

8 5 0
.

4 0 一0 月lll

1119 8 999 一0 2 1 一 1 0 4 一0 3 3 一0
.

7 7 一0
.

1999

1119 9 000 一0
.

1 1 一0
.

80 0
.

9 2 0
.

1 0 一0
.

1999

d istrib u tio n to se e w he the r the
re 15 d iffe re n c e

be tw ee n th e tw o se rie s
.

B u t this w o u ld b e to o

e o m Plie a ted
.

W e h a v e ea leu la ted the eo rr e la tio n e o e ffi ci e n ts by ta kin g 1 5 ye a r s a n d 4 5 m o n ths

r e sPee tiv ely a s the se q u e n c e le n g th s ,

w ith the re su lts sh o w n in T ab le 3
.
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It 15 se e n

fro m T a ble 3 tha t the y a r e elo sely r ela ted a n d the ir in te ra n n u a l ten d e n eies a re in

e o m Ple te a g r e em e n t
.

B esid es ,

the eo r r ela tio n m a trix es a r e e a le u la te d fo r the te le eo n n eetio n in
-

te n s ity in d ie e s in th is tim e Pe r io d a n d v e ry little d ifl乞re n ce 15 o b se rv ed a s sh o w n in T a b le 4
.

T a b三e 3
.

C o m P a rjso n b e tw e en W G
’
5 R es u lts a n d T h o se in T a b !e Z ( 19 6 2 / 19 6 3一 19 76 / 19 7 7 W in 定e rs )

PPPa tter nnn PN A W A W P EA E UUU S e q u e n c e len g thhh

SSSe a s o n a ld a t aaa 0 9 6 0夕5 0 名9 0
,

9 8 0 夕999 15 yea
r sss

WWW xn t e r m o n th d a taaa 0月2 0夕2 0
.

9 2 0 .9 5 0 9 666 4 5 m o n thsss

T a b le 4
.

C o m P a riso n b e tw e en W G
’
5 R e su lts w ith T ho se in T a b le Z (C o rre la tio n M a trix es o f the P a tte r n ln te n sity

In d ie es )( 19 6 2 / 19 6 3一1 9 7 6 / 1 9 77 W in te r s)

WWW G
’
SSS In 之h盛5 stu d yyy

PPPN A W A W P E UUU PN A W A W P E UUU

EEE A 一0
.

0 1 0 3 9 0 0 4 0 2 444 一0刃5 0
.

3 6 0
.

10 0
‘

2 888

PPPN A D
.

IS 0
.

0 7 0 4 222 0
.

18 0
.

00 0
一

4 111

WWW A 一0 0 7 0
一

3 888 一0 刀8 0 3 666

WWW P 0
.

2 222 0
.

3000

It s e em s tha t thes e slig ht e r r o r s a r e t o ta lly d u e to the d iffe re n ee in the le n g th o f th e ea lc u la
-

tio n Per io d s
.

A s th e 50 0 h Pa v a lu es o f th e a
tm

o sPhe rie a etiv ity ee n te r s in the te l
eco

n n ec tio n in
-

te n sity in d e x ea le u la tio n eq u a tio n s m u st be
st a n d a rd ize d

,

W G d id the ea leu la tio n u sin g the

m e a n v a lu es a n d m ea n sq u a re d ev ia tio n s o f 15 yea r s ,

w hile w e e a lc u la te the y ea rly in te n sity in
-

d ic es in d ic e s u sin g tho se o f40 yea r s (19 5 1一 19 9 0)
.

川
.

S O M E C L IM A T IC C H A R A C T E R IST IC S O F T H E T E LE CO N N E CT IO N PA T T E R N IN T E N S IT Y IN D IC E S

11 : re r ,n o n zh粉 (In ze rs e a s o n a l)为
r ia rio n

of M e a n

Sq
u a r e D e via tto n s

T a ble s 5 a n d 6 sho w th e m ea n sq u a re d e vi a tio n s o f the m o n th ly a n d se a so n a l

telee o n n e e tio n Pa tte r n s re s Pee tive ly
.

T 跳b le 5
.

M e a n Sq u a r e D e v ia tio n s o f the M o n thly介Ie eo n n ec tio n ln ten sity l o d ie es (19 5 1一1 9 90 )

PPP a tte r nnn M A M J J A 5 0 N D J FFF

PPPN AAA 0 刀9 0
.

6 8 0
.

60 0 石1 0 冲9
0

0
.

5 1 0 石8 0
.

6 5 0
.

7 1 0 7 8 0
.

8 3
.

0
.

8 3
...

WWW AAA 0 9 0
.

0
.

7 6 0
.

7 7 0 名1 0 石5
0

0 7 6 0
.

6 8 0
.

7 8 0
.

7 7 0
.

8 8 0 8 1 0
.

8 888

WWW PPP 0
.

84 0名2 0名8 0 名1 0 7 0 0
‘

6 9 0
.

6 6
0

0 7 2 0
.

7 9 0
.

9 2
.

0
.

8 7 0 8 777

EEE AAA 0
.

6 6 0
.

7 4 0石 1 0石0
0

0石7 0
.

6 9 0
‘

6 3 0
.

6 9 0
.

7 5 0 7 6 0
.

7 9
冲

0
.

7 888

EEE UUU 0
.

7 4 0
.

7 1 0
,

6 5 0 石4 0石6 0
,

59
0

0 6 9 0
.

7 4 0
.

6 7 0
.

7 5 0
.

8 6
.

0 7 999

N o te : S u Pe r se riPts “ * ’ a n d
“ o ”

d en o te m a x im u m a n d m in im u m v a lu e s
,

re sPec tiv ely
.

A s the in d ie es a re the lin ea r c o m Po sitio n o f sta n d a rd iz ed v a ria b le s ,

the m o n thly a n d sea
-

so n a l m ea n s a r e a llz e r o
.

It 15 see n fr o m T a b le s 5 a n d 6 :

(l) A s r e g a r d s th e m o n thly in ten sity in d ice s ,

the PN A Pa tte r n o e e u re d in Ja n u a ry一Feb r u
-

a ry
,
the W A Pa tter n in M a rc h

,

the W P Pa tter n in D ece m b er ,

the E A Pa t ter n in Ja n u a ry
, a n d the

E U Pa t ter n in Ja n u a ry
, a llw ith the m a x im u m m e a n sq u a re d ev ia tio n

.

T his in d iea te s th a t the re 15

sig n ifi c a n t in te r a n n u a l v a ria tio n in the st r o n ge st a n d w ea k est te lec o n n ec tio n Pa t ter n s (the m a x
-

im u m n eg a tive in d e x ) in th ese m o n ths
.

In e o n tr a st
,

the PN A a n d W A Pa tter n s ha v e th eir
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m in im u m m ea n a q u a r e d e v ia tio n s in Ju ly
,
the W P Pa tte rn in SePte m b e r ,

th e E A Pa tte rn in Ju n e

a n d the E U Pa tte r n in A u g u st
,

in d ic a tin g th e w e a k in te n sity a n d sm a ll a n n u a l v a r ia tio n o f th e

te lec o n n ee tio n Pa tte rn s in the se m o n th s
.

(2) A s r e g a r d s the s e a s o n a l in te n sity in d ie e s ,
the fi v e te lec o n n e e tio n Pa t te r n s a ll ha v e their

m a x im u m m e a n sq u a r e d e via tio n s in w in te r ,

b u t the ir m in im a a PPe a r in d iffe
r e n t s e a s o n s

.

T he

PN A a n d E U Pa tte r n s ha v e the ir m in im a in su m m e r
,

the
W A a n d W P Pa t ter n s in a u tu m n a n d

th e E A Pa tte r n in sPr in g
.

T a b le 6
.

M ea n Sq u a re D e v ia tio n s o f th e Se a so n a lT elee o n n ee tio n Pa tte r n In te n sity In d ic e s (19 5 1一 19 9 0 )

P a tte r n SP rin g

0 乃1

0
.

4 7

0
,

5 2

0 3 7
0

0 4 2

SU m m e T A U tu m n

PN A

W A

W P

E A

E U

0
.

3 5
0

0
一

4 7

0 5 3 0 4 6
0

0
一

3 8
0气JR44

0
.

3 7
。

W 一n te r

0
.

6 3
*

0
.

6 1
*

0
.

6 4
*

0
.

5 2
.

0
.

5 4
.

7
.

,J44

:
0nU

N o te : Su Pe r se riP ts “ * ’ a n d
“ o ”

d e n o te m ax im u m a n d m in im u m v a lu es
,

re sPe e tiv e ly
.

2
.

L心 A u ro c o r r ela tto n s
of rhe

Se as o n a la n d M
o n rhly Te le c o n n ee riO n In re n s ity In dl’c

e s

T a ble 7 g iv es th e la g a u to co
r re la tio n e o effi eie n ts o f the fi v e telee o n n e e tio n Pa tte rn s w ith

th eir be g in n in g m o n th s in d iffe
r e n t se a so n s

.

T a b le 7
.

Se a so n a lL a g A u to e o r re la tio n C o e ffi c ie n ts

BBBe g in n in ggg SPr in ggg S u m m e rrr A u tU m nnn W in te rrr

SSS e a S O nnnnnnnnnnn

NNN u m b e r o fff 1 2 3 444 1 2 3 444 1 2 3 444 1 2 3 444

sss e a s o n Ia g g in ggggggggggg

PPP N AAA 0 3 4
.

0 2 1 0乃8 0 2 888 O
,

0 0 一0 力2 0
.

1 1 0 3 3
...

0
,

3 9
.

0
.

16 0
.

1 1 0 刀 888 0 3 4
’

0 2 3 0
.

0 3 0 刀444

WWW AAA 0
.

16 0 乃 5 0乃6 一0
.

0444 0
.

14 0
.

15 0
.

0 1 0
一

4 6
李李

0
.

12 0
,

0 4 0
,

2 3 0冲0
...

0
.

2 1 一0它7 0
.

09 0 1000

WWW PPP 0刀 1 0
.

0 3 一0 3 0 一0
.

1222 0鸿 l
白

0
.

09 0 3 1
,

一 1333 一 0
.

32
白

0
.

0 5 0
.

12 0之 222 一0力 3 0刀9 0
.

0 5 0刀666

EEE AAA 0 2 4 0
.

24 0
.

30 0
.

1444 0
.

2 2 0
.

1 3 0 3 8
.

0
.

3 6
***

0
一

0 2 0
.

0 9 0
.

09 0 34
...

0
.

24 0
.

08 0
.

14 0刀333

EEE UUU 0
,

26 0
.

0 7 0
.

16 一0
.

0 888 0
.

2 0 0
一

2 5 0
.

0 0 0
.

2 666 一习
.

20 一 0
.

2 0 0
.

0 3 一0
.

0 777 0 2 1 0
.

1 5 0
.

0 2 0 乃666

N o te : C o n fi d e n c e m o r e th an o刀5 15 m a rk e d by
*

(l) C ha ra e te r is lies of the s e a s o n a llag
a u to e o r r ela z io n

It 15 se e n fr o m T a ble 7 :

(l) W ith o n e 一sea so n Ia g
,

the PN A Pa tte r n in ten sity in d e x ha s str o n g a u to c o r r ela tio n in

sPrin g
, a u tu m n a n d w in te r

.

T he
W P Pa tte rn in te n sity in d e x in su m m er a n d a u tu m n a lso ha s

stro n g a u to e o r r ela tio n o f o n e 一m o n th la g
,

bu t its a u tu m n a u to e o rre la tio n o f o n e 一m o n th la g 15

一3 2
.

T h a t 15
,

the s tro n g su m m er
W P Pa tter n 15 fo llo w e d by th e str o n g a u tu m n W P

,

b u t in w in

te r it bee o m es the w e a k W P Pa tter n
, a n d v ic e v er s a

.

(2) W ith tw o 一sea s o n la g
, n o n e o f the Pa tte rn s sh o w Pr o n o u n c ed a u t o eo r re la tio n

.

(3) W ith th r e e一m o n th la g
, o n ly th e su m m er

W P a n d E A Pa tte r n s sh o w Ia g

a u to c o r r e la tio n
.
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(4 ) B o th the
W A a n d E A Pa tte r n in ten sity in d iees ha ve sig n ifi ca n t o n e 一yea r

〔f’) u r一s e a s o n s )la g a u t o e o r r ela tio n eh a r a c te r istie s in s u m m e r a n d au tu m n
.

(5 ) T he E U te le eo n n e e tio n Pa tte rn se a so n a l in te n sityy in d ex ha s n o sig n ifle a n t la g

a u t o e o r r ela tio n Cha ra e te ris tic s
.

T h e a b o v e o b se rv a tio n a n d e a lc u la tio n r e su lts a r e o f m u eh sig n ifi e a n ee t o the re eo g n itio n

o f the la w s g o v e r n in g th e a tm o sPhe r ie eire u la tio n v a r ia tio n s
.

H o w ev er ,

the ir Physie a l m ech a
-

n lsm s r em a in to b e fu r th e r s tu d ie d
.

(2 ) C ha ,
·

a e re r is lie s of rhe n Zo n thly lag a u to e o r r e la t io n

W hile c a le u la tin g the m o n thly la g a u to e o r re la tio n ,

w e u s e e v ery m o n th in stea d o f the be
-

gin n in g m o n th
.

Fo r e lim in a tin g the slig h t fl u c tu a tio n in the a n n u a lv aria tio n ,

w eig hted r u n n in g

a v e r a g in g 15 m a d e o f the e o r r ela tio n e o e ffi c ien ts e a leu la te d
.

F o r e x a m Ple
,

R s一 6 re Pre se n ts the

a u to e o rre la tio n e o e ffi e ie n t o f o n e一m o n th la g w ith M a y a s the b eg in n in g m o n th
,

th e fi n a l r u n
-

n jn g e o r r ela tio n e o effi c ien t js

(R
4 _ 。 + 2 R

5 一 。 + R 6 一 7

)
,11

月呀

一一R
‘、一 6

w h e r e R 4 一5 a n d R 6一7 a re a u t o e o r re la tio n e o e ffi e ie n ts o f o n e一m o n th la g w ith A Pril a n d Ju n e a s

the b e g in n in g m o n th re sPe e tiv ely
.

A ll the e a le u la tio n s ha v e b e en tr e a ted th is w a y a n d the ir re
-

s u lts 盯e sh o w n in Fig
.

2
,

in w hie h the bla ek e n e d a re a s in d iea te e o n fi d en e e m o re tha n 0
.

0 5
,
the

h a te he d a re a s th e is o lin e s o f 0
.

2 0 w ith the ir in te r v a ls b ein g 0
.

10
, a n d th e b r o k e n

士
n e a r e a s a re

n e g a tiv ely e o r r e la tiv e
.

It 一5 see n fr o m Fig
.

2 :

PN A W A

N u m be r o r m o n t比 Ia g巨
n g

J了̂50NDJrMAM与
.

月AL

上luo日四uluu,的。口

夕0
.

1一一一 、

、~ 一⋯二, 二
、 广、一户/
2 / l

Fig
.

2、、、tl/
‘

L如
L
仪伏入叹05ND

上一uo日如u

C兰〕

W
e ig h忱d ru n n in g m e a n Ia g e o r r e

-

Ia tio n o f t加 te lec o n n
ec tio n m o n th

-

ly in te n sity in d ic e s (R
’

勺 )
·

i= l
,

2
,

⋯
,

1 2 ;j = 1
,

2 l’’
·

6

2 3 4 5 6

N u m b er o f m o n th s la g gin g

rJMAM石�朗。口

N u m b e r o f m o n t h s Ia g g in g
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(l) In D e e

一M a rc h
,

th e PN A Pa tte r n m o n th ly in te n sity in d e x sh o w s g o o d Pe r sis te n e e
.

w ith a u to c o rr e la tio n c o effi e ie n t o f tw o 一m o n th la g stille x e ee d in g c o n fi d en c e o f 0
.

0 5
.

(2) B o th the
W P a n d E U Pa t ter n m o n th ly in d ie e s sh o w w e a k p er siste n e e ,

w ith e o r r ela tio n

e o e ffi eien t o f o n e 一m o n th la g r ea c h in g e o n fi d e n e e o f 0 0 5 o n ly in D e e e m b e r
.

(3) In s u m m e r m o n ths the
W A a n d E A Patter n s h a v e w ea k Pe rsis te n ee a n d sho w bim o d a l

eh a r ae te ristie s
.

T h e
W A Pa tte r n sho w s g o o d Pe r siste n e e in w in te r m o n ths a n d th e E A Pa tte r n in

O c t一D e e
. ,

w ith e o r re la tio n e o effi e ie n t o f o n e一m o n th la g r e a e hin g eo n fi d e n e e o f 0
.

0 5 o n ly in

o n e m o n th
.

IV
.

A TM O S PH E R IC C IR C U L A T IO N A N O MA L IE S W H E N E L N IN O 15 A T IT S M A T U R E ST A G E

In g en er a l
,

in w in te r w he n E I N in o 15 v ig o r o u s the a tm o sPh erie eir c u la tio n a n o m a ly a s
-

s u m e s th e PN A Pa tte r n in the Pa c ifi c a n d N o r th A m e rie a
.

M a n y n u m e rie a l sim u la tio n s sh o w

tha t the h ea t s o u rc e a n o m a ly in th e lo w 一la titu d e e a st Pa eifi e w ill in er e a se th e PN A c ir e u la t一o n

a n o m a ly
.

N o r m a lly
,

the r es u lt 15 b a sie a lly tr u e
.

H o w ev e r ,

this 15 n o t n e c ess a r ily the c a se in e e r
-

t a in E IN in o ye a r s
.

F o r e x a m Ple
,

w h en the 19 7 2 / 19 7 3 E I N in o d ev e lo Pe d t o its m a tu re s ta g e
,

the N o r the r n H e m isPhe r e d id n o t e x Per ien e e th e str o n g PN A Pa tte r n
.

G e n e ra lly
,

in the E IN in o

w in te r the a ir tem Per a tu r e in the n o r the r n Pa r t o f N o r the a s t C h in a a s e v e r e w in ter 15 o ft e n o b
-

se rv e d
.

B u t in 19 7 2一 19 7 3 the a re a e x Pe rie n ee d a w a r m w in te r (H u a n g
,

19 9 1)
.

T hu s ,

it 15 n e e e s
-

s a ry to m ak e a stu d y o f the d iffe
r en t a n o m a lo u s e ire u la tio n Pa tte r n s Pr o b a bly o c e u r r in g w he n

E I N in o 15 a t its m a tu r e sta g e
.

B y u sin g 4 0 ye r a s o f in te n sity in d ie e s o f th e fi v e telee o n n e c tio n

Pa tte rn s ,

w e h a v e te sted the d iffe
r en e e sig n ifi ea n c e b e tw e en the E l N in o a n d a n ti一E IN in o yea r s

a n d e a le u la te d the sta tistie o f t

w he re 牙
, , a 一, a n d 牙

2 , a Z ,
a re the m e a n v a lu e s a n d m e a n sq u a re d ev ia tio n s fo r the in te n sity in d i

-

e e s o f the te le c o n n ee tio n Pa tte r n s e a lc u la te d in th e E I N in o a n d a n ti一E IN in o ye a r s r e sPe c tiv ely
,

a n d n 一 a n d n Z a r e the n u m b er s o f E I N in o a n d a n ti一E l N in o ye a r s r esPee tiv e ly

(n l二 10
, n : = 7 )

.

T a ble 8 g iv e s the ea le u la tio n r esu lts
.

It 15 see n fr o m T ab le s:

(l) In th e E I N in o w in te r ,

th e
W p p a tter n sho w s p r o n o u n e ed a n o m a ly

,

w ith eo n fi d e n e e

r e a e hin g 0
.

0 0 1
,

th e PN A Pa tter n 15 the n e x t
,

w ith e o n fi d e n c e b e in g 0
.

0 1 a n d the n the E A

Pa tte r n
,

0
.

0 5
.

A s r eg a rd s the W A a n d EU Pa tter n s ,

th e d iffe
r e n ee 15 n o t sig n ifi c a n t

.

Sig n ifi e a n c e

te s ts fo r th e d iffe
re n c e be tw e e n the te le eo n n ee tio n in te n sity in th e E IN in o yea r s sho w n in T a ble

7 a n d the seeu la r (4 0 ye a r s ) te le c o n n eetio n in te n sity g iv e s th e sa m e c o n elu sio n
.

(2 ) A s sho w n in T a ble s
,

the
W P in d ice s a r e a ll n eg a tiv e (le ss th a n 一0

.

13) in the E IN in o

ye a r s a n d a ll Po sitive in th e a n ti一E I N in o ye a rs
.

T he re fo re ,

it se e m s th a t th e a tm o sp he rie e ir e u
-

la tio n 15 b o u n d to h av e the eh a r a ete ristie s o f the w e a k W P Pa t ter n w h en E I N in o 15 v ig o r o u s
.

H o w e ve r ,

it ea n n o t be a ssu m ed th a t th e str o n 吕PN A Pa tte r n in v a r ia bly e x is ts in w in te r
.

In fa e t
,

in the E IN in o ye a r s o f 1 9 7 2
,

19 6 5
,

19 5 3
, a n d 19 5 1

,

th e w e a k PN A o r a n ti一PN A Pa t te r ll ra the r

th a n the str o n g PN A o cc u r r ed
.

It sh o u ld be n o ted th a tQ u in n et a l
.

(19 7 8 ) ela ssifi e d the ye a r o f

19 7 2 a s the s tr o n g E IN in o ye a r ,

19 6 5 a n d 19 53 a s the m o d e r a te o n e s , a n d 19 6 3 a n d 19 6 9 a s th e
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w e a k o n e s
.

T he re fo r e
,

the r e la tio n sh iP b e tw e e n the h ea tin g fi e ld o f th e eq u a to r ia l e a st Pa eifi e

S ST a n d the PN A p a tte r n 15 n o t a sim p le lin e a r o n e
.

B o th the o r e tie a lex Pla n a ti o n a n d n u m e riea l

5 im u la tio n r em a in to b e fu r th er e x a m in e d
.

F19
.

3 15 the s e a tte r d ia g r a m sh o w in g the PN A a n d W P in ten sity in d iee s (w in te r) w ith E I

N in o a n d a n ti一E IN in o
.

In Fig
.

3 th e 4 0 d a ta sPo ts sea t ter in the fo u r q u ad r a n ts
,

in d ic a tin g tha t

the tw o in d ie e s a r e b a sie a lly in d ePe n d e n t
.

H o w ev e r ,

the a n ti一E IN in o ye a r s g a the r in th e sec o n d

q u a d r a n t
.

the E I N in o ye a rs s e a t ter in the thir d a n d fo u r th q u ad r a n t s
, a n d 小

e d em a rc a tio n lin e

(d a sh ed lin e )15 o n the w ho le Pa r a lle lto the tr a n sv e r s a la x is
,

in d iea tin g o n e e a g a in tha t in th e E I

N in o w in te r th e a tm o sPh e ric e ir eu la tio n a n o m a ly 15 ba siea lly eh a rac te ristie o f the w ea k W P Pa t
-

te r n a n d th e n o f the str o n g PN A Pa tte r n
.

A e c o r d in g to the d efi n itio n o f th e te le eo n n eetio n Pa t
-

te r n
,

s u ch a e ire u la tio n 15 eh a r a e te riz e d b y the n e g a tive a n o m a ly o v er the A leu tia n a r ea ,

i
.

e
. ,

the

A le u tia n lo w b ee o m e s d ee Pe n ed
,

the su bt ro Piea l h ig h in te n sifi e d
,

the h ig h in n o rthw e ste rn

C a n a d a en h a n e ed a n d th e tr o u g h in e en tr a la n d ea ste rn A m e r ie a d e ePen e d
,

w ith th e c h a ra c te r is
-

tie s o f the d e ePe n in g o f the A leu tia n lo w a n d th e str e n g the n in g o f the su b tr o Pic a l h ig h m o r e

Pr o n o u n e e d (the w e a k W P Pa tte r n )
.

T a b le 8
.

W ln re r T ele e o n n e e tio n In te n sity In d ie e s a n d T h e ir S t a tisitc r in th e E IN in o a n d A n ti一E I N in o Y ea r s

WWWWW PPP PN AAA E AAA W AAA E UUU

1119 5 1 / 19 5222 一0
.

4 999 一0 名444 0
.

1777 一0 2 222 0
.

4 999

1119 5 3 / 1 9 5444 一0
.

3 333 一0 3 333 0 4 000 一0 4 222 一0名 lll

111 9 5 7 / 1 9 5 888 一0 3 777 0
.

7 999 0
.

1444 1
.

4000 0 1666

111 9 6 3 / 19 6444 一0
.

5 111 0
.

7 222 0
.

5 777 一0 2 333 一0 j 666

1119 6 5 / 19 6 666 一 1
.

0 444 一0
.

2 111 一0
.

9 999 0
.

5666 0 1555

1119 6 9 / 19 7 000 一0
.

2 444 0
.

6 666 一0
.

1333 0
.

7222 0
.

4 999

111 9 7 2 / 1 9 7 333 一0名333 0
.

0 999 一0 3 000 一0
.

4 222 一 1
.

0 666

】】9 7 6 / 19 7 777 一0
.

1333 1
.

2 111 一0
.

6 888 0
.

0 333 0
.

5 666

1119 8 2 / 19 8 333 一0
.

8444 0
.

9444 0
.

1999 0
.

0 999 0
.

1000

1119 8 6 / 19 8 777 一0
.

3 555 0
.

8666 0
.

2 999 0
.

6 666 一0
,

2 111

一一0
.

5 1333 0
.

38 999 一0刀3 444 0
.

2 1777 一0
.

0 6 999

MMM ea n sq u a r eee 0 2 8 111 0
‘

6 3 444 0 4 6 888 0 5 6 777 0
.

54 222

ddd e v ia tio nnnnnnnnnnnnn

>>>>> 19 5 4 / 19 5 555 0 1888 一0
.

6 111 0
.

1999 1
.

1222 0
.

4 000

二二二 19 5 5 / 19 5 666 0
.

9 888 一0 9 777 0 j 555 0
.

5 555 一0
.

0 555

尸尸,,

19 6 4 / 19 6 555 0
.

3 222 一0 刀lll 0
一

7222 0
.

6 666 0 3000

甲甲甲 1 9 6 7 / 19 6 888 0夕777 一0
.

1000 0
.

9 444 1
.

0 888 0
.

8 222

mmmmm 19 7 0 / 19 7 111 0泌888 一0
.

5666 0
.

2 111 一0
.

0 111 一0
一

5 333

之之之 19 73 / 1 9 7444 0
.

7 777 一0
一

2 666 一0 5 000 一0 2 555 0 0 000

口口口 19 7 5 / 19 7666 0
.

0 000 一0
.

1222 1
.

0 111 一0
.

0 666 一0
.

2 888
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

MMMMM e a n v a lu eee 0 j 2 999 一0 4 7 666 0
.

4 4 666 0 鸿4 111 0
.

0 9 444

MMMMM e a n s q u a r eee 0 3 5 999 0 3 0 222 0 4 8 888 0
.

5 1 666 0 4 1888

ddddd e v ja tio nnnnnnnnnnnnn

}}}r}}} 6
,

29 666 3
.

14 999 1
.

9 2 111 0 7 8 111 0
,

6 2 8
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V V P

F ig
.

3
.

T h e w in te r PN A a n d W P in te n s ity in d ie e s w ith E IN in o a n d a n ti一E I N in o (19 5 1 / 19 5 2一 19 9 0 门 99 1 )
.

T h e

b ig c ir e le in d ic a tes E IN 一n o
,

th e tria n g le a n ti一 E IN in o a n d th e s m a lib la c k d o t the n o rm a lye a r
.

T a b le 8 a ls o sh o w s th a t g e n e r a lly in the E I N in o ye a r the Pa tte r n 15 the w e a k E A a n d in the

a n ti一E I N in o ye a r the s tr o n g E A
.

It 15 n o tew o r thy th a t in 19 9 1 the r e o c c u r re d a n ew E I N in o

e v e n t
.

In th e e q u a to ria l e a ste r n Pa eifi c the SST in e re a se d a n d the 5 0 1 ha d b e e n n e g a tiv e fo r 12

m o n th s r u n n in g sin e e M a re h
,

19 9 1
.

W ha t e ha r a e ter istie s w ill the w in te r eir e u la tio n h a v e this

ye a r? O u r e a le u la tio n sho w s th a t PN A = 一0
.

2 3 a n d W P = 一0
.

59 in th e 19 9 1 / 19 9 2 w in te r
.

T h en

a w ea k r a th er tha n a str o n g PN A o ee u r re d in th e E I N in o e v en t a n d the w e a k W P c ir eu la tio n

a n o m a ly w a s o bse rv e d (see F ig
.

3)
.

V
.

C H A R A CT E R IS T IC S O F T H E A T MO SPH E R IC C IR C U L A T IO N D U R IN G T H E E L N IN O O C C U R R E N C E

A N D D E V E L O PM E N T A N D T H E ST A T IST ICA L D IA G N O SIS O F E L N IN O

H o skin s (19 8 1) h a s P o in te d o u t th a t the r e sP o n s e o f th e a tm o sPh e r e to the rm a l fo r c in g

T ab le 9
.

M e a n V a lu e s a n d S t a tis t一c s t o f th e S u m m e r T e lee o n n e e tio n C o e ffi e ie n ts in the E l N in o a n d A n t一 E IN 皿里1 0

Y e a r s

TTT e lec o n n ee tio n P a tte r nnn E UUU W PPP W AAA E AAA PN AAA

MMM ea n v a lu e in the E IN in o ye a r 一了= 1000 0
.

】111 一0
.

1999 一0
.

1 2 777 一0
.

0 111 一0
.

0 3 888

MMM e an v a lu e in the a n ti一E IN in o ye a r n 二 777 一0 3 222 0
.

2 777 0
.

3 3 666 0
.

1333 一0 0 5999

MMM ea n d ill’er e n eeee 一0 4 333 一0
.

4 666 一0 4 6 333 一0
.

1444 0 0 2 111

}}}川川 1
.

9 666 1 6 444 1
.

7 111 1
.

3 444 0
.

12 888

CCC h a r a e te ristie in th e E IN in o yea rrr st r o n ggg w e a kkk w ea kkk w ea k
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F ig
.

4
.

’

fh e tw o 一d im e n s一o n a l m a PPin g o f d ia n o sin g E lN in o a n d a n ti一E I

d ic e s a n d 5 0 15
.

by u sin g te lee o n n ee tio n in ten sity in
-

ha s tim e sea le o f o n ly se v er a l d a ys to sev e r a lw ee ks
,

T h e n w e ha v e ea leu lated the s u ln ro e r in te n
-

5 ity in d e x s ta tis tic s r o f the fi v e te le c o n n e etio n Pa tte r n s w ith the r es u lts sho w n in T a ble 9
.

In the s u m m e r o f the E I N in o ye a r the relec o n n ec tio n Pa ttern 15 u su ally the s tr o n g o n e ,

i e
. ,

a lo n g the hig h a n d m id d le la tit u d es fr o m E u r o p e to E a s t A sia th e 50 0 hP a Pla n e ta ry w a v e s sho w

r em a r k a ble eh a r a e te r is tie fe a tu r e s : the tr o u g h 15 sit u a ted n e a r 3 0 o E
, a little w e st o f its n o rm a l10

-

e a tio n ,

the Sib e r ia n a n tic y elo n e 15 r a th e r Po w e rfu l
, a n d in Ja Pa n a n d m o st Pa r t o f C h in a th e

s u m m e r a ir tem Pe r a tu re sh o w s n e g a tiv e a n o m a lie s w hile the W P a n d W A Pa t te r n s a r e w ea k
,

in
-

d ic a tin g tha t th e A le u tia n lo w b ee o m es d e ePe n e d
,

the s u b tro Piea l hig h str e n g th en ed
,

th e

Ie ela n d ie lo w a lso d eePen ed a n d the w este r n A tla n tie je t ra ther s tr o n g
.

H o w ev er ,

g e n e r a lly w he n

E IN in o o e e u r s a n d d e ve lo Ps the a tm o sPher ic eir eu la tio n a n o m a ly 15 n o t 5 0 Pr o n o u n e ed a s w he n

E 1 N in o 15 a t its m a tu r e sta ge
.

1t 15 ho Pe d a t Pr ese n t tha t E I N in o o e eu r re n c e c a n b e fo re ea ste d b y lo n g 一 ra n g e P re d ie tio n
.

A lth o u g h the r e a r e m a n y re a l一tim e m o ni to r in g m ea n s a v a ila ble n o w it h a s b ee n d iffi e u lt to Pr e
-

d ic t E I N in o fo r the th e o ry o f its o e c u r re n c e 15 still n o t to ta lly u n d e r sto o d
.

B esid e s ,

m a n y sig n s

la ek o b s e r v a tio n a l se q u en ce s
.

A s a re s u lt
,

q u a n tita tive Pre d ic tiv e m o d els fa il t o b e e s ta blishe d
.

In this s tu d y
,

by u sin g the n o n lin e ar m a PPin g m e tho d
,

th e s u m m er E U
,

W P a n d W A

te le e o n n e e tio n Pa tter n in te n sity in d ie es e o m b in ed w ith M a y a n d A u g u s t 5 0 15
, a lto g e the r fi v e

v a r ia ble s
, a re m a PPed in to th e tw o 一d im en sio n a lsPae e

.

S u Pp o se tha t th e o b ser v a tio n a l tim e is N (N = 4 0)
,

the n u m be r o f v a r ia ble s is M (M = 5 )
,

‘he d‘s‘a n c e b e ‘w e en sa m p , e s , a n d 、 ‘n ‘h e
M一d‘m en s‘o n a‘sp ae e ‘s d二

, a n d ‘he d ‘s‘a n c e a ft e r

b e in g m a p p ed in to th e tw o 一d im e n sio n a lsp a c e 15 伟
。

·

T he ta r罗t fu n c tio n 15 d e fi n ed a s



朝4 A C T A M E T E O R O LO G IC A S IN IC A V o l
.

6

全i二二夕{
d

Pq

.

四
d

、

艺
K 二

P < 今

T he n o n lin e a r m a PPin g 15 th e lo ea tio n o f the a
dj

u sted P a n d q in th e tw o 一 d im e n sio n a l sPa e e
,

en a blin g a ll the s a m Ple s t o h a v e K = m in
.

A s

、;
一

了愈
(· 。一

,、

)
’ , 、

。
,

、一 ‘
,

2
,

一N ,
2

by

q 二

d

su b s titu tin g (2 )

, 。 一

了。
, , 一 , ,甲

)’ + 。助 一 , 2。)’
沙

,

q = l
,

2
,

⋯
,

N ) (3 )

a n d (3 ) in to (l) a n d u sin g the re la x m e th o d
,

w e ha v e o
,

,。,

之
’

l、)
,

O
’

2 。,

J
1

2 、)
·

尸
,

l
,

2
,

⋯
,

N
.

In the 夕卜 夕2 e o o rd in a te
,

N Po in ts a r e d o tted as sh o w n in F ig
.

4
,

in w hieh the a n ti一E I N in o

ye a r s fa llin the fo u r th q u ad r a n t a n d the E IN in o ye a r s in th e s e e o n d a n d th ir d q u a d r a n ts
, sh o w

-

in g a ve ry g o o d e

ffe
e t in d ia g n o sin g E I N in o a n d a n ti一E IN in o e v e n ts

.

D ia g n o sis b y this n le th o d

sh o w s tha t th e yea r o f 19 9 1 15 a n ew E I N in o yea r
.

V l
.

C O N CL U S 10 N

(l) Fo r ty yea r s o f m o n th ly a n d se a so n a l in ten sity in d ic e s o f the fi v e n o r th e r n

te le c o n n e e tio n Pa tte rn s a r e c a lc u la ted b y u sin g the n o r th er n 5 0 0 hPa a tm o sPh e r ie a e tiv ity ee n te r

d a t a
.

A n a lysis s ho w s tha t th eir elim a tie a n d la g e o r r ela tio n e h a r a e te ris tic s b o th ha v e sig n ifi e a n t

s e a so n a lv a r ia tio n s
.

(2 ) T he re m o te r e sPo n se o f th e w in te r n o r th er n a tm o sPh e r ie e ire u la tio n to the eq u a t o r ia l

Pa c ifi e h e a tin g fi e ld sho u ld b e the w e a k W P
, a n d the s tr o n g PN A the n e x t

.

In a ll the fo u r s e a
-

s o n s ,

th e w ea k W P Pa tte r n 15 a n im Po rta n t fe a tu r e o f the eir eu la tio n w he n E I N in o 15 a t its m a

tu r e sta g e
.

T he stro n g PN A 15 n o t n e eessa rily the Phe n o m e n o n o ee u rr in g w h e n E lN in o 15 v ig o r
-

o u s
.

In the 19 9 1 / 19 9 2 E IN in o ev e n t the w e a k W P ra the r tha n the str o n g PN A Pa tte rn o ee u r
-

re d.

(3 ) D u rin g the o c e u r r e n ee a n d d ev elo Pm e n t o f E IN in o ,

the a tm o sPhe r ie eire u la tio n sho w s

a n o m a lies
,

m a in ly th e str o n g E U
,

w e a k W P a n d w e a k W A Pa tter n s o e eu r r in g
.

(4 ) In te
rm

s o fth e th r ee s u m m e r te le c o n n e c tio n Pa tte r n in d iee s a n d M a y a n d A u g u s t 5 0 15
、

a tw o 一d im e n sio n a l n o n lin ea r m aPPin g d ia g r a m 15 e s t a blish ed 5 0 th a t the E I N in o Phe n o m e n a

ea n b e w elld ia gn o se d
.

R E FE R E N C E S

C a o H o n g x in g et a l
.

(19 7 9 )
,

T he d im en sio n d e see n d in g m eth o d o f m u ltjPle一p r ed ic to r syn the sis一 一
a Pp l, ea t, o n o f

n o n lin e a r m a PPin g t o w e a the r fo r ee a stin g
,

S ei
.

A , m o s
.

S in
.
、

3 : 15 8一 16 5 (in C hin ese )

F e n n e ssy
,

M
.

J
.

,

M a r x
,

L
.

a n d Shu k la
,

J
.

(19 8 5)
,

G e n er a l c ir eu la tio n m o d el se n sitiv ity to 19 8 2一 1 9 8 3 eq u a t o r ia l Pa e , fl c

se a su rfa e e tem Pe r a tu re a n o m a lies
,

M
o n

.

忍于触a
、

R e vo ll3 : 8 5 8一8 6 4
.

H o r el
,

J
.

0
.

a n d W
a lla e e

,

J
.

M
.

(19 8 1)
,

Pla n e ta ry se a le a tm o sPhe r ie Phe n o m en a a ss o eia te d w ith th e S o u the r n

o se illa tio n
,

M
o n

.

甲亡a
.

R e v
、 ,

109
: 8 1 3一 8 2 9

.

H o sk in s B
.

J
.

(19 8 1)
.

D yn a m ie a l p r o ce s se s in th e a tm o sp he r e a n d th e u se o f m o d e ls
,

Q u a r ,
.

J
.

R q ,
,
.

M
e re o r

.

S o c
.

,

1 0 9 : 1

一2 1
‘
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H o sk ln s
,

B J
.

a n d K a r o ly
,

D
.

J
.

(19 8 1)
,

T h e s te a d y lin e a r r e sPo n se o f a sPh erie a tm o sPhe re t o the

rm
a 1 a n d o r o g r a Phie

fo re 盆n g
,

J
、

刀 I打Jo s
.

S ei
.
、

3 8 : 1 1 7 8一 1 19 6
.

H u a n g R o n g hu l (19 8 6 ) Phys ic a l m e e ha n ism o f in fl u en ee o fh e a t so u rc e a n o m a Iy o v e r Io w 1a titu d e s o n g e O e r a Ic ir c u la
-

t , o , 1 o v e r th e N o r th e r n H em isp he re in w in te r
,

S eie n ria S加ic a (S e r ie s B )
,

l : 9 1一 10 3
.

H u a n g R o 宜lg h u l (19 9 1)
,

R o le o f b as le fl o w in the in nu e n e e o f E N S O o n w in te r cire u la tio n o v e r the N o r the r n H em i
-

sp h e re
,

S (
、

1
.

月 rm ‘, 5
.

5 1一卜
,

1 5 : 4 4一5 5 ( in C hin e se )

Q u zn n W H
.

e t a l (19 7 8 )
,

H is to r ie a l t re n d s a n d st a t ls tie s o f the So u the r n o sc illa tio n
,

E I N in o
,

a n d In d o n e sia n

d r o u g hts
,

Fl sh e r-I B 泛一lle ,仍
、

7 6 : 6 6 3一6 7 8
.

5 11 1 N e n g (19 8 9 )
,

T he m u ltiPle st a tis tie a l a n a lysis o f the S0 I a n d its r ela tio n to the N H 5 0 0 h P a m o n thly m ea n e ir eu la
-

tlo n
,

月e lu M 亡, e o r o lo g i‘
、

a S in ie a
,

4 7 : 4 5 7一4 6 5 (in Ch in e se )
-

Sh l N e n g a n d L u o Bo lia n g (19 9 1 )
,

T ele eo n n e c tio n o f the 5 0 0 h Pa P o la r eir e u la tio n a n d E 1 N in o / So w ith the t em Pe r a
-

t u r e fi e ld 一n Ch in a
.

A d 、
.

A rm o s
.

S ‘了
.

,

8 : 2 8 9一2 9 8
.

Sh u k la
,

J
.

a n d W a lla c e
,

J
.

M
.

(19 8 3 )
.

N u m e rie a l sim u la tio n o f the a tm o sPhe ric r e sPo n se to e q u a to r ia l se a s u rfa e e tem
-

Pe r a t u r e a n o m a l一e s
,

J
.

峨rm o s S c i 4 0 : 1 6 1 3一 16 30
.

W a lla c e
.

J M
.

a n d G u tz le r
,

D
.

5
.

(19 8 1 )
,

T e lee o n n ee tio n s in the g eo Po te n t一a lh eig h t fi e ld in th e N o r ther n H em isPh er e
,

M o 尹2
.

才e a
.

R e 、
,

.

,

10 9 : 7 84一 8 1 2


