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T H E IN T E R AN N U A L O SCIL I
J

AT IO N O F R AIN FAL L O V E R

CH IN A AN D IT S R E LAT IO N T O TH E IN T E R AN N U AL

O S C IL LA T IO N O F T H E A IR
一

S E A S Y ST EM
*

C/l en L 口欢g 工lljl (陈隆勋)
,

A e a d e m y o f M ete o r o lo g ie a l Se ie n e e
,

SM A
,

B e iji
n g

C/l
e , , 刀u。 (陈 多)

·

G u a n g zh o u
Ce

n tr a l Me te o ro lo g ie a l o bse rv a to ry
,

G u a n g z h o u

Sh
e n 尺嵘u i (沈如桂)

T h e A tm o sPhe r ie Se ie n e e D e p a rtm ex飞t
,

Z h o n gs h a n U n iv e rsity
,

G u a n g z h o u

a n d Z/I
a
心 Qillg fe n (张清芬)

A c a d o m y o f M e te o ro lo g iea l S eien ee ,

SM A
,

B c ijin g

R ee e iv e d D ec e m be r g
,

1 989

A B ST R A C T

T he q u a si
·

b ie n n ia l o sc il!a tio n (QB O ) a n d 3
.

5 邓a rs q u a si
一

Pe rio die o sc illa tio n (n a m e d T O he re a介e r) a re

e x h ibite d in m o st o f 4 8 w ea th e r sta tio n s o f C h奋n a b y a Pp lyin g Po w e r s Pe e tr u m a n a lys is to th e m o n th ly ra in fa ll

d a ta fo r the Pe r io d fr o m Ja n
.

19 3 3 to D e e
.

1 9 8 7
.

In o rd e r to re v ea l the fe a tu re s o f QBO
a n d T O e o m Po ne n ts

, a n o the r ra in fa ll d a ta 父t in 160
s ta tio n s o vel.

C hin a fo r the Pe rio d fr o m Ja n
.

19 5 1 to D ec
.

1 9 8 7 w a s a n a lys e d b y m e a n s o f a n ew m eth o d n a m e d e o m Ple x

e m p irie a l o rtho g o n a l fu
n e tio n (C EO F )

.

T h e r esu lts sh o w th a t bo th QB O a n d T O m o d e s e x h ib it tw o p r o Pa g a
-

t io n w a y s : o n e o rig in a tes in N o rthe a s t C llin a , ex te n d s s o u th w a rd
,

Pa ss e s th ro u g h N o r th C hin a a n d re a c he s the

e a ste rn Pa r t o f N o r th w e st C h in a a n d the n o rthe rn p a rt o f So u thwe st C h ina : the o the r a p pe a rs o v e r G u a n g d o n g

a n d F uj ia
n ,

the n m o v e s n o r thw a rd a n d w e stw a rd res Pee ti回y to th e H u a n gh e 一

H u a ihe B a sin a n d S o u th 认 est C h ln a
.

T h e se tw o p a ths o fo se illa tio n m o et o v e r N o rth C h in a a n d th e a re a be tw ee n th e Ch a n gj ia n g R ive r a n d th e H u a n g he

R iver
.

A sig n ifie a n t e o rre la tio n ex ists be tw ee n th e in te ra n n u a l o seilla tio n o f th e ra in fa ll o v c r C h in a a n d th a t o f th e

se a s u r fa e e tem Pe ra tu r e
(S S T ) a t the e q ua to r

.

A lth o u g h the e o rrc la tio n bet w een the ra in fa )1 o v e r C h in a a n d

th e SS T o ve r the e q u a to r ia l e a ster n Pa e lfie 15 ra the r w e a k
, th e c o rr ela tio n be tw ee n th e ir o sc illa tio n e o m Po n en t 15

Pr o n o u n ce d
.

1
.

IN T R O D U C I
,

10 N

T he QB O w a s fi r st fo u n d by R e ed e t a l (19 6 1) in the eq u a to ria llo w e r str a to sPh erie z o n a l

w in d s
.

Sin c e the n ,

m a n y au th o rs ha v e ex a m in ed 从 he the r tlle QBO is e v id e n t in the tr o Po sPh ere

T h is w o rk 15 s u PPo rte d b洛 the N a tio lz a l N a tu r a l Se ie n ee Fo u n a a tio n o f C hjn a u n d e r Pr o gr a m 4 8 60 2 10 a n d

the Fo u n d a tio n o f Tr o Pie a l M e teo ro lo g y
,

SM A
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SE A 5 9 9

a n d o u tsid e the eq u a to r , a n d they ha v e fo u n d th at it 15 b u t w ith a d iffe
r en t str e n g th

.

Fo r

in sta n e e ,

R a sm u sso n e t a l
.

(19 8 1) fo u n d the Q BO 、ig n a l in the tim e ser ie s o f su

rfa
e e tem Pera tu re

o v er th e U n ite d Sta tes
,

T re n be r th e t al
.

(19 84) in d iea ted sig n ifi ea n t Q BO ev id en ee in S ea lev el

Pressu r e o v e r th e N o r the r n H e
而

sPher e
.

Y a s u n a r i (19 8 5) n o ted tha t the Q B O sig n al ex is ts

in z o n a l w in d in the tr o Po sPhe
r e o ve r the eq u a t o r a n d 15 e lo se ly rela ted to the E I N in o ev e n t

.

Y a n et a l
.

(19 8 8) a n d Ch en et al
·

(19 89)
also sh o w ed the e x iste n ee o fQBO in SST

,

w hieh 15

e o u Ple d w ith QBO o f sea leV el Pre ssu re a n d z o n al w in d
.

A lso a n u m be r o f r esea r ehe r s fo u n d the 3
.

5
一

yea r q u a si
一

Pe r io d ie o seilla tio n (ea lled T O

her ea ft er) in m a n y tr o Pie al m ete o r o lo g iea lp a ra m ete r s, su eh a s the So u the r n O se illa tio n in d ex
,

the ra in fa ll o v e r In d ia (B ha lm e a n d Jad h a v ,

198 4) a n d th e z o n a l w in d in tr o Po sPhe r e
(Y

a su -

n a r i
,

19 8 5)
.

Y a su n a ri (19 8 7) a n d K r ishu
n a m u rti et a l

.

(19 8 8)
r ev ea led the ev o lu tio n o f the

T O 主n z o n a l w in d a n d in sea leV el Pr ess u re
·

Y a n et a l
.

(19 8 8) a n d C he n et a l
,

(19 8 9) in d iea
-

t ed the ev id e n c e o f T O in S ST a n d d iscu ssed th e T O v a r iat io n o f S ST by u sin g a n ex te n d e d

E O F m e tho d
.

It 15 fo u n d tha t T O o f S ST 15 e o u Pled wi th tha t o f sea lev e lPre ssu re q u ite we ll
.

A s d escr ib ed a b o ve
,

QB O a n d T O see m to be wi des Pre a d in m ete o r o lo g iea l Pa r a m ete r s

thr o u g ho u t the a tm o sPh er e
.

T hu s , so

me
e o n sid erat io n s eo

me
u P to u s

.

F ir stly
,

w ha t 15 th e

e v id en ee o f QB O a n d T O in the are
a of Ch in a a n d h ow d o they deve lo P? Sec o n dly

,

the eli
-

m a te v a r ia tio n o ve r C hi na
o n ten

一

羚a r sca le 15 此la ted to th e in t哪cti o n o f a ir- se a 一ea rth sys te m
,

the n d o th e in te r a n n ua l o sc il la ti o n s QB O a n d TO in a ir
一

se a syste m a价e t the elim ate o f C hi n a

a n d ho w d o th ey w o rk ? F in ally
,
a s fa r a s the E I N in o ev en t 15 e o n e er n ed

,
sin ce SS T in the

eq u a t o rial ea stern Pa cifi e (E EPS ST) h a s m u e h less eo
rre la石o n w ith the ra in fal l o ve r C hi na tha n

o v er In d ia
,

15 it Po ssib le tha t th e eo r r ela tio n be tw een the o se illatio n s o f S ST a n d tho se o f r a in
-

fa ll o v e r C hin a w o u ld be c o m e m o r e sig n ifi ea n t ? If 5 0 ,

ho w d o they in te r ae t wi th ea eh o th er ?

Th o se a re ju st w ha t this Pa Pel
·

a iln s a t
.

A n a lysed o bj ee ts a re r a in fa ll a n d s u

rfa ce a ir ten 1Per a -

tu re o v er C hin a
.

T h is Pa Per Pre sen ts the r es ults a b o u t r a in fa ll o n ly
, a n d th o se ab

o u t te m Per a
-

tu r e a re g ive n in a n o the r Pa Pe r
.

A s fo r the r ain fa ll o ve r C hin a ,

H u a n g (19 8 8)
a n a lyse d QBO

a n d Po in t ed o u t tha t QBO a PPe a re d c le a rly o v e r N o r th C hin a , a n d o v e r th e rn id d le a n d Io w e r

re a ehe s o f the C ha n g jia n g R iv er , a n d w a s a Pr o Pa g a tin g w av e fro rn ea st to w o st
.

1 1
.

D A T A A N D M E T H O D O F A N A LY SIS

T he d a t a u se d her e 15 the m o n tllly ra in fa ll fr o m Ja n
.

19 5 1 t o D e公
.

19 8 7 o ve r 160 selec te d

sta tio n s ir飞 C hin a
.

B ut in the Po w e r sPee tr u m a n a lysis
, o n ly 4 8 sta tio n s ar e seleete d w ith the

d a ta ex ten d in g tiilJa n
.

193 3
.

T hore :一re so zn e d a ta m iss吏n g in so m e ye a r s , e sPec ia lly i: 2 19 4 8一
19 4 9 fo r s o m e r ea s o n s

.

T he re fo re ,

w e u se a lin ea r in terPo la tio n t o eo m Ple te th e w ho le tim e

se rie s
.

T h e in te rPo la tio n v a lu e 15 re a s o n a ble b e e a u se it d o e s n o t sho w a n y u n fi tn e ss fo r the

Po w e r sPe etr u ln a n a lysis
.

T he v a lu e o f E E PS ST u sed h ere 15 tli e a ve x
·

a ge o v e r the d o ll la in fr o m

16 0
o

w to 10 0
O

W a n d fr o m s
“

5 to S
O

N
.

T he c lim a tie m o n thly m e a n w a s su b tra e ted o u t fo r e a o h m o n th to g et a n a xl o m a ly se r ie s

a t ea ch s ta tio n ,

then a Po w e r sPee tr u m a n ; : lysis m e tho d w a s a PPlied t o this ser ie s
, 50 tha t the

e v id e n ee o f QBO a n d TO in r a in fa ll o v e r C hin a ea n b e Pre se n te d
.

A b a n dPass fi lter (M u ra -

k a m i
,

19 7 9) w a s a ls o u sed to Piek u P QB O a n d T O m o d e s w ith m a in Pe rio d s o f 2 4
一

m o n ths a n d

4 0
一

m o n ths
, re sPee tive ly

.

T h u s tlle fi lte r ed ra in fa ll a n o m a ly a t tim e 22 15 g ive n by

万
。

= a 。

(R
’ ,

一 R
’。 一 :

) 一 乙
,

页卜
, 一凸

:

页
, 一 : ,

(
n = 一

, 2 ,
⋯

,

N )
w her e

2 么口
“ 。~ 4不艺入了事i厌

2 (月盖一 4 )
O r

= 丫 -
- 二

一
不 ,

.

卜 ‘ -

4 十 Z△返J 十 占J石
b

2
4 一 2△口 十口言
4 + 2△口十口孟
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.

4

八口一 2
sin (。

,
△t ) sin (。

:
么t) 4 sin (。

,
A t ) sin (。

2
八t)

1 + e佣 (。
:
△t ) 1 + e韶 (。

2
△t)

口孟-
(1 + e o s。 ;

A r)(1 + e , 。 :
At)

w he
r e R

’ 。

15 the v alu e a t tim e 了2 be至o r e fi lterin g
, a n d N 二 4 4 4 15 the len g th o f d a ta

.

W e al so

set △t = l
,

△T = 7
,

a n d th e m a in Per io d T e q u a l to 2 4 (m
o n ths) a n d 4 0 (m o n ths)

, a n d tbe n

。。 ~ 2 二/ T
, 。 , = 2二/ (T 一△T )

, 。 : = 。。,

/ oJ
: , w ith r e sPe e t to d iffe re n t v a lu es o f T

.

T o in v estig a te Q BO a n d T O m o d es o f ra in fa ll
, a n e w a n a lysis o f C E O F 15 u s ed

.

F o r the

fi lte re d an o m a ly se r ie s R i (t)
,

w her e the su b sc riPt j 15 a sPa tia lPo sitio n in d e x a n d t 15 tim e ,

by u sin g the H ib e r t t ra n sfo rm
,

w e h av e

石
,

8

名�卿左s (t ) = (才一 i) h (公)

w he re

f 2
.

“(‘’一

订塑
i 斗 0

f = 0

Th
e n a n e w c o m p le x tim e se rie s R z (t ) 一 R , ( t ) + ‘左, (t ) 15 fo rm e d

,

w h e re R s( t )
15 the re al p a r t o f R z (t )

a n d 左z (t ) 15 the im a g in a砂 p a rt
.

I t 15 th e R s (才) tha t e a n

r e v e al th e fe a tu re s o f th e o r ig in a l tim e se r ie s a t d iffe
r e n t time

s
.

T he o re tie a lly
,

玄= co in ( l)
,

b u t the su m m u st be t r u n c a t e d in Pra e tie e
, a n d 1 15 ta k e n th e v a lu e o f 7一2 5 w hie h 15 s u ita b le

fo r the e al e u lati o n
.

W e s e t i = 12 h e r e
.

T h。 c o v a ria n e e m a tr ix o f U (“ = 。z* ) 15 g iv e n by

u , 、一

责!{二
2

”,“,“ “’d ‘
,

w h e r e T 15 the t im e d o m a in d e fi n e d by the tim e s e r ie s
.

左育(才) 1
5 the c o m Ple x e o

llj
u g a tio n a n d

U 15 a H e rm ite m a tr ix
.

T he e x Pan
s io n o f 左i (t) 15 e xPr e s se d a s

左, (才) 一艺月
,

(才)丑
。

( j)
,

w h e r e the e o m Ple x tim e 一

d e Pe n d e n t Prin c iPal e o m Po n e n t 15 g iv e n by

刁
。

一 艺左, (。)刀
,

(j)
,

w ith Pr o Pe r n o rm a liz ati o n < B
o
B 育》二 d

。。 a n d h e n ee ( A ,

A恋> 二占
。。
元
。 , w he r e 元

。 a n d B
,

(j)
a r e th e re a l e ig e n v a lu e a n d e o m Ple x e ig e n ve e to r c o rre sPo n d in g t o H e rm ite m a trix U

,

r e sPe e tive ly
.

占
。。 = 1 fo r n = m

, o th e r w ise
,

d
。。 = 0 , a n d < 》 d e n o te s the a v e ra g e o f

the s e r ie s
.

T hu s ,

th e e o n tr ib u tio n o f th e k th e o m Ple x Pr in e iPa l c o m Po n e n t to the t o ta l va ria n e e 15

g iv e n by 几k/ 艺几
。

.

T h e k t h (秃一 l
,

2
,

⋯
, , ) e ig e n p a‘te r n h a s fo u r m e a su ,

’

e s o f sp a‘ial p ha s c

fu n e tio n 夕* (t ) a n d t e m p o ra l a m plit u d e fu n e tio n A ’k (t )
.

I f e o
nj

u
即tio n丝

5 d e n o te d by a ste risk
,

a n d im a g in a ry a n d re a l Pa rts by I m a n d R e ,

th e s e fo u r m e a s u r e s a r e g iv e n by

口、( j) =
a r e t a n仁I m B 。(了) / R e B 。(j)〕

,
A

’、
(j) = 〔B *

(j) B 育(j)〕“
2 ,

8 * (t ) =
a r c t a n 〔I m A 、

(t ) / R e 左* (t )〕
,
A

’ 。
(t ) 二〔刀

*
(r) A者(t ) 〕

’‘,
.
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S仁A 6 0 1

Fin al ly
,

w e a lso re e o n stru e te d a fi eld eo

rre
sPo n d in g to the fo rm er ei 邵n 代c to r a

nd eo m Po se d

a fi e ld o f 8 p ha se s in a ee o rd a n ce w ith the te m p o r a l ph a se o
,
二/4

,
二/ 2

,

3二 /4
, 二 ,

5二 /4
,

3 二/ 2
,

a n d 7二/4
, r esPe etiv ely

.

111
.

T H E F E A T U R E S O F IN T E R A N N U A L O SC ILLA T IO N O F R A IN F A L L O V E R CH IN A

A Po w e r sPee tr u m an aly
sis w a s a PPlied t o ra in fa ll a n o m a lie s o f 4 8 w e a the r sta tio n s o v er

C hin a ,

re sPe etiv el y
.

Th
e eur v es o f Po w er sPeet ra a t so m e sta tio n s a r e d isPlay e d in Fig

.

l
.

T he fi g u r e sho w s th a t the pe ri o d w ith a Po w er sp c et印m p ea k va lu e a n d sig n ifi ea n t lev el h ig he r

tha n 0
.

0 5 15 a b o u t 2 ye a rs a t so m e sta tio n s o r 3
.

5 界a r s a t o th ers
.

0000000
弓‘O月‘,

‘

试
, ,

一
,

一
、一 、 _ _ _ 、

16 00

30 0卜之~

瞥裔需

‘

联二
:

G u a n g z h o u

声~ , 啥 ~ 勺

~ ~ , ~ 刁
~ 、 ~ 一

4 0 30 24 2 0 l5 。 1 20 6 0 4 0 3 0 2 4 2 0

卜

汉之戈
1 5 12

S ha n g h a i

、 , 、 ~

八U八Un妇�日nUC内日内b
J任只。

竹
5 0 0 )

C u i ya n g

:
、 、 一“ -

之一
二

二二二二二
夕褪

的 1

. 二二 : 二二二,

乞0 60 4 0 3 0 24

“。

:
2 0 15

T . ( m o n th )

12 。 12 0 60 4 0 30 , 24 ZU 1 5

T
,

( m 心价 t h )

F ig
.

1
.

T h e Powc
r sp e e tra o f m o n th ly ra 记fa ll se r ie s a t T ianj in ,

H u a i, a n ,

G u i”n g
,

Ch
a n gc hun

,

G u a n 邵h o u ,

a n d Sh a n g ha i
,

re spe ct i姆ly
.

H ea vy li n e s r e Pr e se n t the Po挑
r sPcc tra

,

d a she d line s an d d o t
一

d a sh e d

1ir飞e s d e n o t e r比P即tiv目y th e r e d
一n o ise w i th 0

.

0 5 s ig n ifi e a n t le v e l a n d th e c he e k o f n o ·

m a in
一
p e r i o d

.

T w o fi g u r e s ( o m itte d ) ar e d r a w n t o Pre se n t the d is tr ib u tio n o f Po w e r sPe e tra o f QBO an d

T O
, re sPe e t iv e ly

.

Fo r Q B O
, th e Po w e r sPe e tr u m v a lu e a t all b u t th re e s ta tio n s ha s p a s se d t he

r e d
一11o ise te s t

.

T h e Pe r io d s w ith Pe a k v a lu e a re w ith in 18一2 9 m o n ths
.

T he m e a n o ve r 4 6

s t at io n s 15 2 3
.

3 9 m o n th s a n d s e t to b e 2 4 m o n ths
.

T h e d is tr ib u tio n o f Po w e r sPe ct r a a ls o sh o w s

tha t a r e a s w ith h ig h v a lu e o f QB O Po w e r sPe c t ru m a r e lo c a te d o v e r N o r th e a s t C hin a ,

N o r th

C hin a
,

th e e a s te r n p a r t o f N o rth w e st C h in a , th e m id d le a n d lo w e r r e a ch e s o f tlle C h a n
gj i

a n g

R iv e r
,

the e a s t o f Qin g ha i
一

Xi z a n g Pla te a u a n d G u a n g d o n g
一

H u n a n r e g io n
.

R eg io n s w ith lo w

v a lu e a r e o v e r I n n e r M o ,lg o lia
,

X inj ia n g
.

Q in gh a i
,

G u a n g x i G u iz h o u a , ld t he 犯a e he s o f the

H u a ih e R iv e r
.

O u r re su lt s sho w g r e a t s im ila r ity to t ho s e Pre s e n te d by H u a n g (1 9 88 ) a n d e ve n

m o r e d e ta ils
.

F o r 3
.

5 ye a r o s c illa tio n
,

it 15 in d ie a te d tha t 17 o f 4 8 s ta tio n s fa il to Pa s s th e r e d
一n o is e te st

.

in o th e r w o r d s, o n ly 6 5 Pe re e n t o f the st ati o n s Pa s s the te st w ith a n a v e r a ge o f 38
.

87 m o n ths
.

W
e a s s u m e th e Pe r io d o f the 3

.

5 ye a r o s e illa tio n o f r a in fa ll to b e 4 0 m o n ths
.

W
e a ls o fin d th a t
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4

the 3
.

5 ye a r o se illa tio n o f r ain fa ll 15 ae tive in r eg io n s s u eh a s the w e ste rn Pa r t o f N o rt l一C hin a
,

th e e a stel
,

n Pa r t o f N o r th w e st C hin a ,
the n o l- ther n p a r t o f N o rth ea st C h in a , a n d G u a n gd o n g

.

O n the o tlle r ha n d
,

it 15 in sig n ifi e a n t o v e r the m id d le a n d lo w o r r ea ehe s o f the Ch a n gjia n g R ive r
,

Sieh u a n a zld Y u n n a n
.

C o n seq u en tly
,

b o th T O a n d QBO a r e sig n ifi e a n t o ver N o r thea st C hin a ,

G u a n g d o n g a n d th e 、ve s te l
·

n Pa r t o f N o rth C hin a , a n d in sig n ifi e a n t o v er G u a n g x i a n d G u i乙ho u
.

O v er o the r r e g io n s , o n ly o n e k in d o f o se illa tio ll 15 5 19 一飞ifi c a n t
,

fo r in sta n e e , o v er the m id d le a n d

lo w e r rea e he s o f the C ha n g j, a n g R iv e r ,
the Q B O m o d e 15 sig n ifi e a n t b u t T O m o d e 15 n o t

.

IV
.

T H E C E O F A N A LY S IS O F IN T E R A N N U A L O S C IL LA T IO N

in to

a n d

Fig
.

2 sh o w s the d is tr ib u tio n o f 160 sta tio n s u sed in o u r Pa Pe r
.

W e d ivid e these sta tio n s

1 5 re gio n s
.

B a sed o n the r esu lts m e n tio n ed a b o v e ,
the C E O F a n alysis 15 a PPlied to QBO

T O m o d es to in v e stig a te the fe a tLlr es o f th eir e v o lu tio n in tim e a n d in sPa ee
.

v a ria n ee a n d the Pe r c en ta ge v a ria n c e a e e o u n ted fo r by the fi r st six e ige n v ec to r s w e re

T a ble 1
.

T h e to t al

5 11o w n in

‘

了尸 二
1 .

.
色产 .

丫
. 3 .

. 2

二14
12

二.
4

·

:1l.
.

~ 八/ 一

1 5
巴 .

O 口 .

:
. ) 0 拼

二

.

10
。 .

o
字

..伪0
.1.

.
9

.

二

国
几
尸

兰从
,

8
. -

.

3
口

F 19
.

2
.

T h e d is tribu tio n s o f 1 6 0 w e a tlze r sta tio n s in C h ilia a n d o f 1 5 ra in 自 !1 d iv isio n s o f C h llla
.

T lle e u m u la tiv e Pe ;℃e n ta g e s o f the fi r st fo u r o ig e n v e e to rs fo r the QBO In o d e 15 52
.

6 %
a n d tha t fo r tlle T O m o d e 15 80

.

6 %
.

T lle e x Pla in ed Pe re e n ta g e s o f the fi rs t eig en v e eto r fo r QBO

a n d T O m o d e s a r e 18
,

O% a n d 2 8
.

5 %
, ,

·

e sPee ti、e ly
.

H u a n g (19 8 8) als o d id tlle sim ila r re s e a r eh

b u t o v e r 3 5 sta tio n s
,

a n d his r e s u lts sho w ed tha t tll e fi r s t eig en v e e to r e x Pla in e d Pe ree n tag e 15

24 %
,

}1ig h er tha n o u r s (18
.

0 %)
.

T he e a 、: s e s fo r d is e re Pa n ey m a y b e tha t th e d a ta Pe rio d in o u ,
,

a n a lysis 15 sev e n ye a r s 10 一lg e r th a n his a n d tlle zl u n 飞b e r o f s ta tio u s 15 in e 一e ased by a b o u t fo u r

tim es
.

N e v e r theless
,
the fi r s t e ig e xlve c t o r e x Pla 一n ed Pe re e n ta g e o f tlle T O m o d e 15 still v e r y

hig h
.

F o r b o th QB O a n d T O tlle fi r s t eig e n v ee to r Plays a P一e d o :n i.l a zz t r o le in a ll e ig e lzv e c -

t o r s
.

T h et’efo re ,

the am Plitu d e fu n e tio n a n d the Pha s e fu 一le tio n o f the fi r st e ig e一Iv e e to r e a n b e

u se d to e x Pr ess the m a in sPa tia l
一

te m Po 一a lfe a tu re s o 「tlle se o seilla tio n
.

W e w ill lll a in ly d ise u ss
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tli e fi rst e ig e n v e eto r in the fo ll o w in g
.

T a ble 1
.

T he F ir st S认 E ig e n vec tor Pe r( 笼n ta ge s E x
Pl a i加d a n d C u m u la tiv e Pc rc e n ta 罗5 E x p la in e d 勿 the

C EO F A n al外 15 o f R a in fa ll,s In tera n n u a l o sc illa tio n

M
o d e

Ei ge nv e c tor

矛七八笼”纽却留 “p la 加叼
Q B O

C u m u la tiv e 伴rc e n ta g e s e x PI幻ne d

万泣泣口曰一{ 互吕
·

” { 3 2
·

8 J 4 3
·

5 」5 2
·

6 j 6 0
·

2
】

6 6
·

7

Pe rce n ta朗5 ex P】ai ne d 6
.

2 5 2
T O

Cum
u la tiv e pe rCe n ta ge s ex Pla in ed 竺!竺⋯

一
兰 ‘
些“8

·

5
{

5 1
·

3 {
7 0

·

“
{ 8 0

·

6 8 6
.

8 而玄于
一

T he sPa tia l a m P】itu d e 山。tr ibuti
o n s o f the fi r st e

吵nv e ct o r fo r QBO a n d T O m o d e s a re

sh o w n in Fig s
.

3 a a n d 3 b
.

Fo r the QBO m o d e ,

ther e are
so m e hjgh va lue

r e g io n s o ver N o r th

C hin a ,

the m id dle a n d lo we r rea c hes o f the C ha n
gj ian g R ive r ,

w h ic h sho w qu ite e o n siste n ce

w ith H u a n g
,
5 re su lts

.

Fo r the TO m od
e ,

.

th e h ig h va lu e ar ea s lie o ve r N o rt he a st Ch in a ,

H e b ei
,

G an
su

,

Qin g h a i
,

the H u a n
gh e

一

H u a ihe B a sin
,

G uan gd
o n g a n d F匆ia

n
.

B e sid e s , a less h ig h

v a lu e re g io n lies o v er th e m id d le an d Io w er re ae hes o f the C ha n幻i
a n g R ivc r

.

W
e also fi n d tha t

o v er so m e pla c e s su ch a s Shanx i a n d Shaa n x i
,

tlle a m plitu d e 15 ra th er larse fo r QB O b u t ve ry

s: 。a JI fo r TO
,

wh ile o ve r o th e r Plac es suc h a s G a n su
,

Qin g ha i
,
a n d the n o rthern Sieh u an

,

th e

a m Plitu d e 15 sm a ll fo r the QBO m o d e b u t large fo r the TO m o d e
.

T hu s the QBO m o d e 15 o P
-

Po site to the T O m o d e in str en g th ex eePt o ve r the ea ster n l, ar t o f N o r th C hin a a n d the 而d d le

a n d lo we
r r ea c hes o f the C h a n gj ia n g R ive r ,

w here b o th o scilla tio n s ar e str o n g
.

F o r th is re aso n ,

the g e o g ra p hie Io ea tio n sh o u ld be e o n sid e re d w hile d iseu ssin g the in ter ae tio n betw een o se illa
-

t10 n s
.

f b ) T O

0
。

7 7 5

~ 飞三止多二
了

、一了一

台 厂

F ig
.

3
.

T h e SPa tia l a m Plitu d e dis trib u tio n fo r tl记 fi r st elg c 口v ee to r o f in te ra n n u a lo sc Ula tio n o f C h in a
, s ra illfa ll

.

(a) Q BO m o d e
,

(b ) T O m o d e
.

T he sPa tia l Pha se fu n c tio n d istr ib u tio n s o f the fi r st eig en v ec to r fo r Q BO a n d T O m o d e s

a re also m ad e (fi g u r es o m itte d )
.

T he re su lts in d iea ted tha t the Pr o Pa ga tin g fe a tu re s o f QBO

m o d e a re eo n siste n t w ith th o se o fT O m o d e
.

In z o n ald ir ee tio n ,

th ey b o th Pr o Pa g a te w e stw a r d ;

in m erid io n a l d ir ee tio n ,

ther e a re tw o p r o Pa ga tio n w a ys : o ne 15 fr o m the n o rth to the so u th
,

a n d th e o th er 15 fr o m th e so u th to th e n o r th
.

T he se tw o w a ys me
et o v e r N o r th C h in a fo r QBO

m o d e a n d o v er the re g io n b etw ee n the H u a n gh e R ive r a n d the H u a ihe Rj v e r fo r T O m o d e a b o u t
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3 5
“

N
.

T hu s fo r b o th QBO a n d T O
,

the re a r e tw o o s c illa tio n s o u re es fo r p ro Pa g a tio n
.

V o !
.

4

O ne

15 in the So u th C hin a Sea a n d th e W e ste rn Pa eifi e
,

w h ieh a
ffe c ts the c lim a te o f C hin a by m o v in g

in S SE
一

N N W d ir ee tio n thro u g h G u a n g d o n g a n d Fuj ia n to N o r th C hin a an d So u thw est C hin a
.

T h e o ther 15 Pr o Pa g a tin g in N N E
一

S SE d ir e o tio n th r o u g h N o r thw e st C llin a to N o r th C hin a an d

the e a ste rn Pa rt o f N o r thw e st C hin a
.

T h u s , o v e r 3 5
.

0
“

N 一4 0
.

0
O

N th ese tw o m o d e s m eet
.

It 15 a ls o in d ie a ted tha t n o rth
一s o u th Pr o Pag a tin g 15 d o m in a n t o ve r th e e a ste r n C hilia a n d the

ea st
一

w est Pr o Pag a tin g o v e r tlle w e ster n C hin a
.

H o w ev er , so m e d iffe
r en c es still e x ist

.

T he

m a in o n e 15 tha t the Q BO m o d e ha s m u c h m o r e s o u th
一n o r th m o v in g e o m Po n e n t

,

b u t the T O

m o d e h a s m u eh m o re e a st
一

w e s t m o v in g e o m Po n en t
.

A n d th is 15 a ls o d iffe
r e n t fi o m H u a n g

’s

r esu lts
,

w h ie h d id n o t zn en tio n th e n o r th w a r d Pr o Pag a tio n o f the QB O m o d e
.

T he tem Po r a l a m Pljtu d e a n d tem Po r a l Pha se o f the fi r st e ig en v e c to r fo r QBO a n d T O a r e

a lso a n a ]ysed 伪g 、, , es n o t sho w n )
.

Th
e te m Pora l a m Plitu d e fu n e tio n o f th e QBO m o d e sh o w s

Pea k v a lu e s in yea r s 19 5 4
,

19 6 4
,

19 6 7一 19 6 8
,

19 7 3
, a n d 19 82一19 8 3

,

w h ile tha t o f tlie T O m o d e

in yea r s 19 5 4
~

一 19 5 5
,

19 6 5一 19 6 6
,

19 6 8
,

19 7 2一19 7 3
, an d 19 8 0

.

C o m Pa r in g th e se yea r s w itl-

the ye a r s E I N in o e v e n t o ec u rr ed (in 19 5 3
,

19 57
,

19 63
,

19 6 5
,

19 6 9
,

19 72
,

19 7 5一 19 76
,

19 79
,

a n d 19 8 2一 19 8 3) w e e a n see tlia t in the E IN in o yea r o r its fo llo w in g ye ar ,

the tem Po r a l a m Pli
-

tu d e o f r a in fa llh a s a Pe a k v a lu e , e sPe eially in these str o n g E IN in o sig n a l ye a xs , su eh a s 19 82 一

19 83
.

U sin g the te m Po ra l Pha se fu n c tio n ,

w e c a n s e t the m o n ths w h ie h h a v e a n id e n tiea l Pha se

a li d tlle n r ee o n str u e t th e c o r re sPo n d in g fi eld o f the fi r st e ig e n v ee to r a n d e o m Po se them a t d if-

fe r en t tem Po r al Pha ses
.

Ph a s e 二 0
p h o s e二 兀/ 2

⋯
一

各, ha s e = 冗 / 4 p h ase 二3 州4

一(b ;

\~

L_
_

_ _

_
Fig

.

4
.

T he p h a se e o J刀p o sjte 丘eld re c o n str t lc te d fr o m tlle c o rre印 o n d in g fi e ld s o f the fi l、 t e ig e rl、℃eto r o fQ E o

m o d e o f ra in fa ll
.

(a ) ph a se o(一1 1o n th o)
,

(b ) p h a se “
/ 4 (

n : o n tll 3)
,

(e) ph a se Z二 件 (m o n th 6 )
,

(d ) ph a se 3 二 /4 (m o n th g )
.
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Fi g s
.

4 a一
一

d g iv e the co m Po sitio n o f th e re e o n str u e ted eo rr esPo n d in g fi e]d s o f th e fi r st ei
-

罗n v ee to r fo r QB O
.

T h e p ha ses o
,

耐生 2耐4
,

an d 3二 /4 e o r re sp o n d t o m o n ths o
,

3
,

6
,

a n d

9
, r e sPee tiv e ly

.

T h e fi e ld o f the Ph ase o
一一3二/4 15 id e

nti
ea lw ith th a t o f 二一7二 /4 b u t w ith o PPo

-

site sig n
.

In Fig
.

4 we n o te that a t m o n th o (Ph ase o
,

Fi g
.

4 a)
,

it 15 n eg a tiv e o v er N o r th e ast

C扭n a ,

S o u th C h in a ,

th e r eg io n be tw een the Cha n gj iang 瓦
v er a n d the H u a ihe R iv er

,

b u t Po si
-

ti、
,

e o v er N o rth C hin a
,

Xi nj iang
,
a n d the mi dd le a n d the lo w er re a eh es o f the C h a n

gj ia n g R ive r
.

T h re e m o n th s la te r ,

i
.

e
.

wh
e n Ph a se = 汀/4 (Fi g

.

4 b)
,

the n eg a ti v e a r ea o v er N o rth ea st C hili a

a n d the Po sitiv e a re a o ver N ort h Ch in a ex te n d w e st
一so u thw e stw ar d

.

A n o the r n eg a tiv e a r e a

o v er So u th C hin a ex te n d s n o r thw a rd
,

bu t the Po sitiv e a re a o v e r the m id d le a n d lo w e r re a ehe s

o f th e C han g jia
n g R ive r

we a ke n s
.

A n o ther thre e m o n th s la ter
,

i
.

e
.

w h en Pha se = 2二/4 (Fig
.

4 e)
,
the n e g a tive a r ea o v er N o rt hea st Chi n a h a s e x ten d ed to N o r th Ch in a an d the o rig in a l Po

-

sitiv e v a lu e o v er N o r th C h in a e x te n d ed so u th
一
so u th w e stw ar d t o the e a ste r n Sich u a n

.

T he

n e g ativ e a r e a o v er So u th C h in a m o ve s n o rthwa rd to th e
而d d le a n d lo w er re a ehe s o f the C ha n g

-

ji
a n g R iv er a b o u t 30

O

N a n d fo rm s a n e w n eg a tive ee n te r n ear Jian g x i
.

By the tim e o f m o n th

9
,

j
.

e
.

w h e n Ph ase = 3二 /4 (Fig
.

4 d)
,

tw o ne ga tiv e v a lu e een ter s aPP
e a r o v e :

·

N o rt h C hin a a n d

so u th o f th e C ha n
gj ia n g R ive r, re sPec tiVel y

,

w 扮le tw o Po sitiv e ee n ter s a re Io ea te d o v er the

H u a ih e b a sin a n d S ich
u a n

,

re sP e etively
.

T ha t 15
,

the
r a ln fa ll o v er C hin a 15 in fl u en eed by

Pr o Pa g a tin g o sci llatio n fr o m tw o d ire etio n s
.

O n e e o m e s

fro m the n o rt h thr o u gh N o r the a st

C h宜n 认
,

th en m o v es s o u th
一so u thw e stw a rd to the u Ppe r r e ach es of th e C ha nj ia n g R iv er su eh

a s Sie hu a n
.

Th
e o th er o n e c o m es fr o m the

so u th
,

fi r st aP Pea r s in So u th C hi n a ,

the n m o v e s

,l o r th w a r d to the m id dle a n d lo w e r r ea ehe s o f the C ha n gj ia n g 死ve r a n d then th e re g io n

b e tw ee n H u a n g he an d H u a ihe R ive rs
.

M ea n w h ile
,

the la tter a ls o sho w s so m e w estw a r d Pr o
-

Pa g a tin g ten d ezle y t o in fl u en ee the r a in fa l] o v er the so u the rn Pa rt o f So u th w est C h in a
.

p h a se 二 O p h及凡e = 介公2

一 2 5

Ph a se 二介八 p ha s碑于3 了雄

Fig
,

5
.

A s in F ig
,

4 b u t fo r T O m o d e
.
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节

V ol 二嗒

f ig
.

5 15 the sa m e as Fj g
.

4 b u t fo r the T O m o d e
.

T he tem p o r a l p ha ses o
,

二/4
,

2二/4
,

a n d 3二/ 4
c o rr e sPo n d to m o n ths o

,

5
,

10
,
an d 15

, r esPe e tively
.

In Fig
.

5
, a t Ph ase o(i

.

e
.

m o n th

0 )
,

p o sitiv e re g io n s a p p e a r o V e r N o r tll C hin a a n d the m id d le a n d lo w e r r ea c hes o f the C ha n g
-

ji
a n g R iv er ,

w hile n eg a tiv e r eg io n s o ec u r o ve r So u th C hin a a n d tlie n o r thea ster n Pa r t o f N o r-

th ea st C h in a ,

T he re 15 also a lo n g n a r ro w re g io n w ith m in o l
·, n eg a tive v a lt一es o ve r the H u ai h e

B asin
.

A ll the se fe atu re s a r e sim ila r t o tho se o f QBO m o d e e x ee p t fo r th e fo llo w in g :
(1)

th e Po sitive e en te r o f T O m o d e o v er N o r th C h in a 15 e lo se to the e o a st
,

b u t tha t o f QB O m o d e 15

in Sh a n x i
, a n i, 1 1a n d Pla ee : (2 ) it 15 P o sitiv e fo r T O m o d e w ith a e e n te r b u t n e g a tiv e fo r QBO

m o d e o v er the w e ster n Pa r t o f N o rthe a st C hin a : (3 ) it 15 g r ea tly n eg a tiv e fo r QBO m o d e

o v er the r eg io n b etw ee ll H u a n g he a n d H u a ille R iv e r s ,

b u t fo r T O m o d e
,
the n eg a tive a r ea s a r e

eo n fi n ed to a n a r r o w str iPe r e g io n w ith le ss in te n sity
.

A t m o n th 5 w ith Ph ase 二 /4
, a n e g ativ e ee n ter a PPea r s o ve r th e rlo r the rn Pa r t o f N o r th

C hin a a n d the reg io n al Po sitiv e ee n te r o v e r N o rth C h in a sh ift s w est
一so u thw e stw a rd

.

T he

w e ak n e g ativ e r eg io n o v er the a r ea b e tw ee n H u a n g he an d H u a ihe R iv e rs w e ak en s fu r th er
, an d

the n eg a tiv e r eg io n o v er So u th C hin a g e ts in te n sifi ed a n d e x te n d s n o r thw a r d
.

10 m o n ths la te r w ith a Ph a se o f Z二/4
,
the n eg a tiv e r eg io n o v er N o rth ea st C hin a ha s m o ve d

to N o r th C h in a a n d the o r ig in a l Po sitive e en tel
一

o v e r N o l
·

th C hin a ha s re a ehe d S ha a n x i
,

G a n s u

a n d the n o r th ern Siehu a n
.

In the so u th
,
the o r ig in a l n eg ativ e e e n te r o v er So u th C hin a sh ift s

to the lo w e r r ea ch e s o f the C h a n
gj ia n g R iv er

.

T o m o n th 15 (Pha se 3二 /4 )
, n eg a tiv e v a lu e aPPea r o v e r th e w h o le N o rthea st C h in a

,

N o r th

C hilla a n d the m id dle a n d lo w e r re ae hes o f the C h an gj ian g R iv er ,

w h ile Po sitiv e v a lu es a r e

o v er th e w e ster n C hin a b etw ee n 10 0
O

E a n d 1 10
“

E
, n o r th e r n Slla a n x i a n d the e o n n ee tin g a r ea

o f Sie hu a n a n d Y u n n a n
.

A s fa r a s the T O m o d e 15 eo n eer n ed
,

the o seilla tio n o f C hin a
’5 r a in fa ll eo m e s m ain ly fr o m

th e so u re e o u tsid e C h in a
.

L ik e QB O m o d e ,

T O m o d e als o ha s tw o w a ys o f Pr o Pa g a tin g
.

O n e eo m es fr o m the n o r th a n d e x ten d s in so u thw e st d ir eetio n a n d the o th e r e o m e s fr o m the

so u th a n d m o v es in the n o r th
一n o r thw e st d ir e e tio n

.

In o ther w o rd s ,
the fo r m er sPr e a d s fr o m

N o r the a st C llin a t o N o r th C hin a an d N o r thw e s t C llin a ,

w h ile th e ]a tre r m o v e s fr o m So u th

C hin a t o the m id d le a n d lo w e r re ae hes o f the C ha n gj ia n g R ive r a n d t o So u thw e st C hin a
.

Su m m a r iz in g the ab o v e a n a lyses o f C E O F
,

w e n o tiee tha t th e fe a tu re s o f the Q BO m o d e

a re sim ila r t o th o se o f th e T O m o d e
, esPee ia lly in the a sPe e t o f Pr o Pa g a tin g

.

B o th o se illa tio n s

h av e so u r ees in th e n o r th an d th e s o u th
, re sPeetiv ely

,
a xld b o tll h av e a p r o Pa g a tio n eo xn Po n en t

fr o m e a st to w est
.

T h er efo re ,
the in flu en ee o n the in ter a n n u a l v a r ia tio n o f C hin a , 5 r a in fa ll

m a y eo m e fi
·

o m tr o Pie al system s a t t r o Pies a s w e ll a s Po la r syste m a t high la titu d es
.

T he “k e y

re g io n , ’ seem s t o be o v e r N o r thea st C lli;、a
,

G u a n g d o n g a n d Fuj ia n
.

A n d it 15 su g g ested tha t

th e so u r ees o f o sci lla tio n m ig l,t b e o v er the Se a o f O kho tsk a n d the r e g io n fr o m the S o u th C hin a

Sea to th e w e ster n Pa e ifi e O v e r X inj ia n g b o tli QBO a n d T O m o d e s a l
·

e fr o m the n o r th a n d

eo n fi n ed t o t]1 15 a re a
.

It 15 h a rd to fi n d o se illatio n s fr o m the w e s t
, s u e h a s the Q in g ha i

一

X iz a n g

Pla tea u an d In d ia
,

Pr oPa g atin g in t o So u thw e s t C hin a ,

w he re o seil]a tio n s a re fr o m e ast
.

V
.

R E LA T IO N S H IP BE TW E E N T H E IN T E R A N N U L O SC ILL A T IO N O F R A IN FA L L O V F R C H INA

A N D T H A T O F SST

A s we k n o w
,
th e So u ther n o se illatio n in d e x js eo rr ela tiv e sig n ifi ea n tly w ith the air Pr essu r e

a n d r a in fa ll o v er In d ia
,

bu t n o t 认ith th e ra in fa ll a n d Pr essu r e o v e r C hin a
.

A lth o u g h it w a s

said th at the r a in fal l o v e r the re a e hes o f th e C ha n g ji
a n g R iv er w o u ld in er ea se in the yea r aft e r

a n Fl N in o ev en t ha PPe n s ,

tlze代 a re still a lo t o f e x e ePtio n a l ea se s
.

T he re a so n
,

w e th in k
,
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一

S E A 6 0 7

m a y be tha t the in te r
an n u al v a riatio n o f a tm o sPhere 15 a e o m Po site o f m a n ifo kl in ter a n n L讯l

o sc i!la tio n s
.

S ig n ifi e a n t eo rr e la tio n 、 m a y e x ist in a ee rta in k in d o f o se illa tio n
,

b u t n o t in eo m
-

p o site
.

F o r in s ta n ee ,
u sin g E EPS ST (J a n

.

19 5 1一D o e
.

19 8 7) a n d tho r a in fa ll o ve r C h in a ,

w e

jllv es tig a te tl飞e eo rr e la tio n b e tw een the se tw o elem en ts
.

T he r esu lts in d ie a te th at (fi g u r e l、o t

sho w n ) the m a x im u m eo r re la tio n eo effi e ie n t 15 o n ly 0
.

10
.

0 ; 1 th e c o n tra ry
,

th e e o r re la tio n 15

q u ite sig n ifi ea n t fo r QBO a n d T O m o d e s o f th o se tw o e le m en ts
.

创创创
尸只翌澎澎
一一一一

口

/ 一 、、、~ ~一目一 uuu

‘‘‘二兰二柔
》》

了3不一信汀叮孔百
- 一诵犷布雳南

r ig
.

6
.

T h e tim e la g g ed e o
rre la tio n be twee

n the ra in fa ll o ve r th e m idd le a n d lo w e r r ea e he s o f th e C h a n g jian g

R it,e r a n d 〔E PSS T
,

(a ) o bserva tio n a m o u n t ; (b) QB O m o d e ; (C ) T o m o d e
.

T h e e o rre la tio n e o effi c ie n ts w ith d iffe
r e n t Pha se lag s be tw ee n SST a n d the ra in fa ll o v er the

m id d le a n d lo w er r ea eh e s o f the C ha n g jia n g R ive r a re d isPla yed in Fig
.

6
.

Fig
.

6 a g iv es the

e o r r ela tio n b e tw ee n the a n o m a lies o f E E PS ST a n d r a in fa ll a n d Fig s
.

6 b a n d 6 e d e m o n stra te

the d istr ib u tio n o f e o r r elatio n b etw e en the eo m Po n e n ts o f QBO a n d T O
,

re sPee tiv ely
.

W
e

n o tic e th at
,

in F ig
.

6 a
,

the e o r re la tio n b etwe
en an o m a lies 15 in sig n ifi ea n t

.

T h e va lu e a t m o n tl-

0 15 elo se to z e r o a n d th e m a x im u m 15 0
.

15 w he n SS T 15 4 m o n ths ah ea d o f ra in fa ll
.

H o w e v er ,

a s sh o w n in Fig s
.

6 b an d 6c
,

the eo rr ela tio n 15 ra the r g re a t fo r b o th eo m Po n e n ts o fQB 0 a n d T O
.

T he Pa tter n s o f eo r r ela tio n d istr ibu tio n a re q u ite 5 1而la r to e ach
o th er

.

F o r ex a m Ple
,

w he n

r a in fa ll 15 a h ead o f S ST
,

it ha s a n eg a tive e o rre la tio n wi th the E E PSST a n d the SS T o f eq u a -

to r ia l In d ia n o e e a n (E ISS T)
,

b u t a Po sitive e o rre latio n w ith the SST o f the eq u ato r ial w e ste r n

Pa eifi e (EW P SST )
.

Y a ll e t al
.

(19 8 8) a n d C he n et a l
.

(19 8 9) Po in ted o u t th at QB O a n d T O

m o d es o f E EPS ST a r e ixl Ph ase w ith th o se o f E IS ST
,

b u t o u t o f Pha se w ith th o se o f EW PSS T
.

Fig s
.

6 b a n d 6 e c o n fi r m these v ie w s ag a in
.

W e a lso n o tiee tha t fo r b o th QBO a n d T O m o d e、
,

w he n S ST 15 ah ea d o f r a in fa ll
,
th e e o r re latio n 15 Po sitive b etwe

en r a in fa ll a n d E E PS ST
, a s w ell

as betw e en r ain fa ll a n d E ISS T
,

b u t n e罗tiv e b etw ee n ra in fa ]1 a n d EW PSST
.

H o w ev er ,

the

m o n th w ith th e m a x im tl m e o effi e ie n t o f QB O m o d e 15 d iffe
ren t fr o m tha t o f T O m o d e

.

Fo r

QB O m o d e
,
the c o r:

·

ela tio n be tw een r a in fa ll a n d E EPSS T as w ell a s b e tw ee n the r ain fa ll a n d

E IS ST
,

ha s a n eg a tiv e m a x im u m o f 一 0
.

3 0 (w h ich Pa sses re lia bility ex a m in atio n ) fo r 一 6
一

m o n th

Pha se·la g
.

F o r o
一

m o n th Pha se ·

lag
,

th e e o rre la tio n be tw ee n ra in fa lla n d SS T in th e So u th C hin a

S ea 15 0
.

3
, a n d n o sig n i6 ea n t e o r r ela tio n 15 fo u n d in o the r r eg io n

.

Fo r 6
一

m o n th p ha se
·

la g
,

it

15 sim ila r to tha t o f 一6 m o n th pha se
一

la g b u t w ith o PPo site sig n
,
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今

N o w
,

we d iseu ss the time
一

la gg ed e o r re la tio n b e tw ee n E E PS ST a n d the r a in fa llo ve r d iffe ren t

Pa r ts o f C ll in a
.

T a ble 2 gl
v es the e o rre la tio n b etw ee n o b sel

·

va tio n a l a n o m a lie s o f E EPS ST

a n d th o se o f ra in fa ll o ve r C h in a
.

T a ble s 3 a n d 4 a r e the sa m e a s T a ble 2 b u t fo r QBO an d TO

m o d es , r esPe etiv ely
.

T he 15 d ivi sio n s in C hin a a re d isPla yed in Fig
.

2
.

In the ta b le s , n eg a tive

m o n th d en o tes the r a in fa ll 15 a he ad o f th e SST
,

i
.

e
.

“一” m o n th m e a n s th e in a u e n ee o f r a in fa ll

o n SS T
,
a n d v iee v er sa

.

W
e e a n see in T a b le 2 tha t fo r the o b se r v a tio n a la m o u n t

,

the re 15 n o

sig n ifi ea n t eo rre la tio n
.

B u t fo r th e QBO m o d e (T a ble 3 )
,
the a r ea s w ith m a x im u m v a lu e a n d

“ + ” m o n th a re R e gl o n s 6 (the m id d le a n d lo w e r re ae he s o f the C ha n g jia n g R iv e r)
,

7 (Fuj ia n
.

Jia n g x i a n d H u n a n )
, a n d 1 1 (Sha a llx i

,

G a n su a n d N in g x ia)
.

T he v a lu es are b e tw ee n 0
.

36 9一

R 一 S S T 一 QB以
~

别) 兰二兰塑七二卫 (J

l

|!洲

R 一S S T 一 QB O ( 0 ) R 一 S S T 一 T O ( 0 )

( b )

哭

口

舒火

R 一S S T 一 T O ( + 5

门州!1圆
}
、 。 。

厂
、

\、

‘‘

气亏
;;;;;;;;

丫丫丫少气黝 附附力力力力
F ig

.

7
.

T he o is tr ib u tio n o f ti一刀e 一

la g罗d

e or re la tio n b etw e en QB O m o d e

o f C hi n a , 5 ra in fa ll an d E E PSS T

a t d i旋re n t tim e 一
la g ge d Pha ses

.

(a)
一3 m o nt h ; (b ) 0 m o n th :

(c) + 6 m o n th
·

F ig
.

8
.

A S

一 5

in Fjg
.

7 bu t b e tw e e n T O

m o 一lth ; (b ) o
r飞lo n th厂 仁)

m o d es
.

(a )

二 5 m o n th
.



N 0
.

5 IN T E R A N N U A L O SC IL LA T IO N O F R A IN FA LL & A IR
一

S E A 6 1 1

0
.

4 3 5
, a n d the Ia g m o n th 15 + 6 m o n ths in R eg io n s 6 a n d 7

,

+ 9 m o n ths in R eg io n 11 im Ply in g

a e en ter m o v in g fr o m so u th to n o rt h
.

F o r the T O m o d e (T ab le 4)
,

the se a re as a r e R eg io n s 6
,

1 0 (Sha an x i
,

S ich u a n
)

,

1 1 a n d 13 (n o rther n X inj ian g )
.

T he m a x im u m v alu e s ra n ge fr o m o
·

2 8 9

to 0
.

7 11 w ith la g m o n th fr o m + 10 to + 2 0
.

T h ere fo re
,

it 15 see n tha t fo r b o th QBO a n d T O

m o d es
,
the m id d le a n d lo w er re ach es o f th e C ha n

gj ia n g R iv e r ,

Sh a a n x i
,

G a n su a n d N in g x ia

a re r egl o n s w ith m a x imu m eo rr elat io n
.

B u t
,
the Ia g

一 tn o n th w ith m a x im u m fo r tlle QB O m o d e

15 d i跳
r en t fr o m that o f T O m o d e

‘

Fig s
.

7 a n d 8 P ro v id e the e o r r elatio n d istr ib u tio n b etw e e n

ra in fa ll a n d E E PS ST fo r QBO an d T O m o d es
, r e sPect ively

,

Fo r the QBO m o d e (Fig
.

7 )
,

the

e o rr ela tio n w ith Ph a se o f 一3 a n d + 6 m on ths 15 sign ifi e an t
.

F o r 一 3
一

m o n th Pha se 一

lag
,
there a re

n eg a tiv e een ter s o v e r N o r th Chi n a an d o ve r the so u th o f the Ch a n g jia n g R ive r , a n d the een tr al

v a lu e o v er N o r th C hin a 15 be lo w 司
.

4 5
.

T ha t 15 t o sa y th e QB O Pea k o f r a in fa ll 15 a he ad o f

tha t o f E EPS ST by m o n th s
.

T hree m o n th s la ter
,

these tw o een ter s still ex ist b u t w ith d eere a s·

in g v alu es
.

W he n the Pha se la g 15 + 6 m o n th s
,

the o ri gi
n a l n eg a tive ee n te r o ve r the m id d le

a n d lo w e r re a e he s o f C ha n gj ia n g 几ver an d so u th o f it hav e be eo m e str o n gly Po sitiv e w ith a

va lu e a b o v e 0
.

6 0
.

In a d d iti o n ,

the re a re tw o Po sitive ce nt er s re sPecti vel y o v er H en a n a n d the

e o n n e etin g a re a o f N o rth ea st C hin a an d N o rt h C hin a
.

It 15 the Po sitiv e ce n ter o v er H en a n

th at Pr o Pa ga tes in to S ha an x i
一

G a n su
一

N in gx ia 妙 th e tim e o f + 9 m o n th s w ith a v alu e ab o v e

+ 0
.

4 5
.

M ea n w h ile
,

the een ter o ve r th e m id d le a n d Io w er r ea ehe s o f the C h an gjia n g R ive r a n d

s o u th o f it h a s d eer ea sed
.

Fo d TO m o d e ,
a t Pha se lag o f 一5 m o n ths

,

N o r th Ch in a
,

S o u thw est C hin a
,
an d N o r thw est

C hin a a re re g io n s w ith n e邵tiv e v a lu es
,

bu t E ast C hin a w ith Po sitiv e v a lu es
.

T her e 15 a een ter

w itll a v alu e b elo w 一0
.

6 0 o ve r Sh aa n x i
,

S ha n d o n g a n d Sieh u a n
.

W he n the Pha se la g 15 0 m o n th
,

the v a lu e o f the Po sitive ce n ter o ver the 而d d le a n d lowe
r re a ehe s o f Ch

a n gj ia n g R iv er 15

hig he r tha ll 0
.

6 0
.

A ft er tha t
,
th e e en ter d e velo Ps fu rther an d ex te n d s e astw ar d

.

By the tim e

o f + 1 5 m o n th s,

the ee n te r h a s e x te n d e d t o So u thw e st C hin a w ith a n ew een te r o f 0
.

4 : m ea n -

w h ilo a een ter o f + 0
.

50 e m er g es o ve r Sha n x i
,

S ha a n x i an d In n er M o n g o lia
.

T he a b o v e d iseu ssio n in d ica tes tha t alth o u g h th e eo r r ela tio n o f the o b ser v atio n a l a n o -

In a lie s b e tw ee n r ain fa ll a n d E E PSST 15 in sig n ific
an t

,

th o se fo r QB O an d T O m o d e s a re sig n i
-

fi e a n t
.

T hi s 15 b ee au se the m o d e s h a ve d iffe
re n t Pa tt

ern
s a n d Ph a se s a n d th ey rn igh t e a n eel

ea ch
o ther

.

C o n se
qu

e n tly
,

it 15 su g g este d that in ter a n nu a l o se illatio n e o m Po n e n ts ea n r e -

fle ct th e e
ffe

e t o f air
一sea in ter a etio n m o re elea rly tha n the tim e se ries itse lf.

V l
.

C O N C L U SIO N A N D D ISC U S SIO N

So m e r esu lts c a n b e su m m a ri zed a s fo llo w s :

(1) Jn te ra n n u a l v arja tio n o f C hin a
‘

5 r a in fa ll ha s sig n ifi e an t eo m Po n en ts o f QB O a n d T O :

(2) B o th QBO a n d T O m o d e s o f r a in fa ll a re Pr o n o u n e ed o ve r the m id d le a n d lo w e r

r ea e he s o f t卜e C ha n
幻i

a n g R ive r a n d so u th o f it
,

Sh a n x i
,

Sha a n x i
, e a ste rn G a n su an d ee n tr a l

In n e r M o n g o lia ;

(3) T he m o d es h av e tw o d iffe
r e、I t P ro Pa g atio n w a ys , o n e o r ig in ate s fr o m N o r thea st

C hin a an d ex te n d s s o u thw estw a rd th ro u g h N o x
·

th C hin a to the ea ster n Pa r t o f N o r thw est C h笼n a

a n d th e n o r the rn Pa r t o f So u th w e st C hin a ,

w h ile th e o ther fr o m G u a n g d o n g
一

Fuj ia n a r e a a n d

Pr o Pa g a te s n o 了thw a r d to the a re a be tw 〔en H u a n g he an d H u a ihe R iv er s a n d we
stw a rd t o So u -

th w o st C hin a
.

T hti s,

the y m e e t e a ell o the r o v e r N o r th C hin a
.

T he refo r e
,

it 15 sPeeu la te d

th a t th e in te ra n n u a l o seilla tio n s o f C hin a ’5 ra in fa ll m a y c o m e fr o m the ea ste rn S ib eria a n d the

S ea o f O kho tsk
, a n d fr o m the tr o Pic a l reg io n s u e h a s the S o u th C h in a Sea an d the Paeifi e o eea n ,.

(4) T he e o r re la tio n b etw een C ll in a
, s ra in fa Il a n d E EPSS T is n o t sign lfi ea n t

,

ho we v er ,
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4

th e eo rre la tio n betw e en the in tera n n u a lm o d es o f these tw o elem e n ts 15 sig n ifi ea n t
.

T h is refl ect s

th e eo rre la tio n betw een m o d es b ee au se o f their d iffe
r en t d istr ibu tio n s a n d d iffe

r en t Pha ses
,

T 11u s,

t o in v e stiga te the e
ffe

e t o f th e a ir
一se a in ter a etio n o n the r a in fa ll o v e r C hin a ,

it m ig ht be

m o re u se fu l to eo n sid er the sig n a l o f in tera n n u a l o se illa tio n ;

(5) F o r b o th QBO a n d T O m o d es
,
the v a ri a tio n o fE E PS ST 15 in Pha se w ith tha t o f E ISST

a n d 15 o u t o f Pha se w ith tha t o f EW PSST
.

T h u s , o u r r esea re h fo e u ses n o t o n ly o n the va r ia
-

tio n o f E E PSST
,

b u t als o o n the v a r ia tio n o f SST o v er the So u th C hin a Se a a n d the e q u a to rial

w e ste rn Pa Cifi C
.

R E F E R E N C E S

B h a lm e ,

H
.

N
.

a n d Ja d h a v ,

5
.

K
.

(19 8 4)
,

T he So u the r n o s ei]la tio n a n d its rela tio n to the m o n s o o n r a in fa !I
,

J
.

口护打
之a te

,

4 : 5 09 一 5 2 0
.

C b en L o n gx u n ,

Y a n Jin hu a all d W an g G u (1 9 89)
,

The ev o lu tin g fe a tu re s o f in ter a n n u a l lo w
一

fr e q u en e y 仍e i! la
-

tio n a n d the ir re la tio n to th e o ee u rre n e e o f E IN in o
,

A eta 几4七teo r
.

S Il zira
,

3 :3 5 4 一 3 6 7
.

H u a n g Jia yo u (1 9 8 8)
,
T he m a n ife sta tio n o f q u a s i

一

b ie n n ia l o se illa tio n in the
In o n tn ly ra in fa ll o v e r C h in a

,

Sc ien
-

tI’O A加05
.

Sc i
. ,

1 2 : 2 6 7 一 2 7 3 (in C hin e se)
.

M u r a ka m i
,

M
.

(1 9 7 9 )
,

L a rg e
一sea le a sp ec ts o f d e eP e o n v e e tive a e tiv ity o v e r th e G a te a re a M沙

n
.

不下全”
.

R e v
. ,

1 0 7 ;

994 一 10 1 3
.

K r ishn a m u rti
,

T
.

N
. ,

C hu b
,

S
.

H
.

a n d Ig les ia
,

W
.

(] 9 8 6)
,

o n th e se a le v el Pre ssu re o f the S o u th ern o se i]la tio n
.

A r eh
.

材论t
.

G loP
.

Bo il
.

(S er
.

A
.

) 3 8 5 一 4 2 5
.

R a sm u ss o n ,
E

.

M
. ,
A rk in P

.

A
.

a n d C hen
.

W
.

Y
.

(19 8 1)
,
B ien n ia l v a ria tio n in su r fa e e te n 1Pe ra tu re o 、℃r the U n ite d

Sta te s a s r

eve
a le d by s in g u la r d ee o m Po sitio n

,
人夕沙n

.

不价 a
,

R e v
. ,

1 0 9 : 587 一 5 9 3
.

R e e d
,

R
.

J
. ,

Ca m Pe ll
,

W
.

J
, ,
R a sm u ss o n ,

E
.

M
.

a n d R o g er ,

D
.

G
.

(1 9 61)
,

E v id e n ce o fa d o w n w a rd Pr o p a g a tin g a n n u a l

wi n d re v er sa l in the e q u a to r ia l s tra to sPh e re
,

J. G e
OP hy

.

R es
. ,

6 6 :8 13 一 8 1 8
.

T re n

ber th
,

K
.

S
.

a n d sh in
,

W
.

T
.

K
.

(19 54)
,

Qu a si
一

b ien n ia l fl u etu a tio p s in se a lev el pre ss u r es o v e r th e

No
rthe rn

H e m isP h ere
,
弃物 n

.

卜冷口
.

R e v
. ,

1 12 : 7 61 一 77 7
.

Y a n Jin】飞u a
,

Clle n L o n 群u n

an d W an g G u (19 8 8)
,
T he p r o p a g a tin g ch ar a e te r ist i“ o f in te rann

u a l lo w
一
fr e q u enc y

o se illa tio n in the tr o Piea l a ir
一se a syste m

,
A dy

.

A加
0 5

.

Sc i
. ,

5 :4 0 5 一 4 20
.

Y a s u n a ri
,

T
.

(1 9 8 5 )
,

Z o n a lly Pr o Pa助tin g m o d e s o f g lo ba l e a st
一

we s t e ire u la tio n a ss o e ia te d w ith the S o u the rn

o seilla tio n ,

J
.

材诊t
e o r

.

SO
c

.

了咖an 6 6 : 1 0 1 0 一 10 2 6
.

Y a su n a r i
,
T (1 9 8 7 )

,

G lo b a l stru ct u re o f th e E I N in o /S
o u the

r n o se illa tio n ,

Pa r t l : E IN in o e o m P o s ite s ,

Pa r t ll :

T he tim e e v o lu tio n ,

J
.

材矽r
eo r

.

So
e

.

了咖an
,

6 5 : 6 7 一 8 0
,

8 1一 10 2
.


