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W
ea t he r C e n te r o f H e be i P r o v in e e S h iji

a z h u a n g 0 5 0 0 21

2
.

N a n
ji

n g In s titu te o fM
e te o r o lo g y

,

N a n jin g 2 1 0 0 4 4

3
.

C h in a
M

e te o r o lo g ie a l A dm in ist r a t io n
,

B e ijin g 1 0 0 0 8 1

R e e e iv e d N o v e m b e r 2 8
,

2 0 0 1 ; r e v is e d M
a y 3 0

,

2 0 0 2

A BS T R A C T

In th e e o n te x t o f 1 9 6 5 一 2 0 0 0 m o n t hly r a in fa ll d a ta fr o m 7 3 s ta tio n s dis t rib u te d o v e r 3

p r o v in e e 一

le v e l d is tr ie ts a n d 2 m e t r o p o lis e s (B e iii
n g a n d T ia n

jin ) o f N o r th C h in a w ith so m e s ta tio n s

in th e n e ig h bo r in g p r o v in e e s
,

d ia g n o s tie s tu dy 15 u n d e r t a k e n o f th e fe a t u r e s o f s p a tia lly a n o m a lo u s

P a t te r n s a n d d o m in a n t P e rio d s o f t he a n n u a l P r e e iPita tio n in te r m s o f E O F
,

R E OF a n d S SA
.

A lso
,

a s e he m e e o n sist in g o f S SA e o m bin e d w ith a u t o r e g r e s sio n (A R ) a s a p r e die t io n m o d e l 15 e m plo y ed

to m a k e fo r e ea st s o f m o n th ly r a in fa ll s e q u e n e e s o f the a n o m a lo u s p a tte r n s in te rm s o f a n a d a p tiv e

filte r
.

R e s u lts s ho w th a t th e s e h e m e
,

if fu r the r im p r o v e d
,

w o u ld be o f o Pe r a tio n a l u tility in

p r e p a rin g e o u n ty
一

lev e l p r ed ie t io n
.

K e y w o r d s : a n o m a lo u s p a tte r n
,

s in g u la r s p ee t r a l a n a lys is
,

a u to r e g r e ss io n m o d e l (A R m o d e l)
,

s h o r t一 te rm e lim a te P r ed ie t io n

1
.

IN T R O D U C T IO N

N o r th C hin a 15 o n e o f th e e e o n o m ie a lly a d v a n e ed r e g io n s o f C h in a
,

e o v e r in g a b o u t

8
.

5 % o f th e la n d t e r r it o r y w ith a r a n g e o f la n d fo r m s e o n s is t in g o f p la in s
,

p la te a u
,

a eh a in

o f b a s in s a n d m o u n t a in o u s / hilly la n d
.

T h e e lim a t e th e r e d iffe r s g r e a tly fr o m p la e e to Pla e e

a n d 5 0 d o e s it s v a r ia t io n be e a u s e o f v a s t d iffe r e n e e in e le v a t io n b e tw e e n th e d iffe r e n t k in d s

o f t e r r a in
,

h ig h e r la t it u d e s a n d p r o n o u n e e d d is e r e p a n ey in d is t a n e e fr o m th e s e a 一 a ll the s e

m a k e N o r th C hin a a “e lim a tie a lly s e n s it iv e a r e a ’ .

D a t a m a d e o v e r th e p a s t d e e a d e s s ho w

th a t flo o d a n d p e r sis t e n t d r o u g ht e v e n t s a s e lim a te d is a s t e r s h a v e fr e q u e n tly h it this a r e a
,

im p in g in g s e r io u s ly u p o n it s p o lit ie a l
,

e e o n o m ie a n d s o e ia l p r o s p e r ity
.

M a n y s tu d ie s h a v e

b e e n d e v o t e d t o r a in fa ll fe a t u r e s o n a n a t io n a l ba s is (H u a n g 1 9 8 8 b ; 1 9 9 1 ; C he n 1 9 9 1 ;

Z h a n g 1 9 9 3 ) a n d s o m e e ffo r t s h a v e b e e n m a d e t o a d d r e s s th e s e d is a s t e r s o f s o m e Pa r t s o f

th e e o u n t r y u s in g s till fu lle r d a t a (Li 1 9 9 2 : L i e t a l
.

1 9 9 7 : S u n e t a l
.

2 0 0 0 )
.

H o w e v e r
,

r e la t iv e ly few e r a r t iele s ha v e b e e n p u b lish e d th a t d e a l w ith r a th e r d e t a ile d d ia g n o sis a n d

p r e d ie t io n o f a n o m a lo u s p a t te r n s o f N o r th C h in a p r e e ip it a t io n
.

T e eh n iq u e s o f p r in e ip a l

e o m p o n e n t s PC s
,

a n d r o ta t e d p r in e ip a l e o m p o n e n ts (R PCs ) a n d SS A (sin g u la r s p e e t r a l

a n a lys is ) a r e e m p lo yed in th is p a p e r t o d ia g n o s e th e e h a r a e t e r is t ie s o f e x tr a o r d in a r y

r a in fa ll Pa t t e r n s o n a n a n n u a l b a s is (Ja n u a r y 一 D e e em b e r ) a n d the ir r e sPe e tiv e le a d in g
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q u a s i
一o s e illa t o r y p e r io d s in th e e o n t e x t o f 1 9 6 5 一 2 0 0 0 m o n thly r a in fa ll d a t a fr o m 7 3

s t a tio n s o v e r N o r th C hin a a n d its th e r e a b o u t s w ith th e a im a t g a in in g fu r th e r in sig h t in t o

the e lim a te 一r e la te d a b n o r m a l r a in fa ll p a t t e r n s
.

Ob v io u s ly
,

o u r s t u d y 15 o f g r e a t

s ig n ifie a n e e t o the e x Plo r a t io n o f the e a u s e s a n d d e v e lo p m e n t o f p r e d ie t io n t e e hn iq u e s
.

Fu r the r m o r e
,

b a s e d o n th e d ia g n o s tie fin d in g s
,

p r e d ie t io n s o f s e q u e n e e s o f m o n th ly

r a in fa ll a n o m a ly fo r a ll th e p a t t e r n s a r e m a d e in t e r m s o f a n a d a p t iv e filte r w ith th e a id o f

S SA a n d A R m o d e l in e o m bin a t io n
.

11
.

D A T A A N D M E T H O D

T h e d a t a o f 1 9 6 5 一 2 0 0 0 m o n th ly r a in fall

T o g e t

th e s e

e am e fr o m 7 3 r e Pr e s e n t a t iv e s t a t io n s

e o v e r in g th e s t u d y r e g io n a n d it s

t o p o g r a Phie fe a t u r e s a n d ye a r ly

s t a n d a r d iz e d d a t a m a t r ix (X 万)。

v le ln 一ty
·

V a r la t lo fl
,

r id o f e ffe e t s o f th e g e o g r a p h ie p o s it io n
,

d a t a w e r e n o r m a liz e d
,

r e s u ltin g in

w h e r e the s t a t io n n u m b e r j = 1
,

2
,

a n n u al s a m p le n u m b e r i = 1
,

2
,

⋯
, n (n ~ 3 6 )

.

T h e d a t a m a tr ix 二

X
,

fo llo w in g w a y
.

T h e m a t r ix t a k e s the fo r m

⋯
,

m (m ~ 7 3 )

15 d e e o m P o s e d in

th e

a n d

th e

爪
二

,

一
‘

叮
戎

匕 0

O
1 /

汽
1 /

戎

O

。

」
_ _ _

厂

】
“

’ ·

-
爪

一
1 / 丫 几*

」

一

!
Il

ee
l
.

es

we
L门leseseseseseseseseeeslll|

六
(1 )

w h e r e L (m 、 * ) d e n o t e s a m a tr ix o f s Pa e e lo a d v e e to r s (L V s )
, F (*义 。 ) the m a t r ix o f p r in e ip a l

e o m p o n e n t s a n d 凡th e e ig e n v a lu e o f a m a tr ix o f e o r r e la t io n e o effie ie n t s R (, 又 , ) o f X (, 只 , )
·

T o

m a k e ele a r e r a fe a tu r e o f a r a in fa ll d is tr ib u t io n fo r r e v e a lin g it s m a in eh a r a e te r is t ie s ,

w e

a d o p t e d a s e he m e o f m a x im u m
一 v a r ia n e e R PCs fo r t r e a tin g EO F

一

g iv e n L V s a n d th e ir PC s ,

v iz
. ,

m u ltip lyin g the L V s m a tr ix L a n d (PC s m a t r ix F ) b y a n o r th o g o n a l m a t r ix 尸 (尸
,

) o n

th e r ig h t (le ft ) h a n d s id e (H o r el 1 9 9 9 )
.

T he p r o e e d u r e fo r s u e h p a ir e d r o ta t io n s 15

r e p e a t e d o n e b y o n e ,

le a d in g t o

B 一 L r
,

G 一 厂
‘F

,

w he r e B a n d G s ta n d fo r r o t a t e d lo a d v e e t o r s (R L V s ) a n d th e r ela t e d r o ta t e d PC s

(R PC s )
.

F o r th e p r in e ip le s o f m a x im u m
一 v a r ia n e e R PC a n alysis th e r e a d e r 15 r e fe r r ed t o

H u a n g (1 9 8 8b ) a n d S h i (1 9 9 5 )
.

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

b y a p p ly in g S S A t o a t im e s e r ie s x
,

(w ith t= 1
,

2
,

⋯
, n ) to m a k e it

a r r a n g e o n a t im e la g s e a le w e ha v e

XX�

m,rxl
l

lxzl...Lxm

X 一

工
”一讥+

工
九一例 +

( 2 )
.几”X

工爪 + l

;

}
一 ‘’

“

”“
”一 ”+ ‘’

‘

T h e n t he m a t r ix X 15 E O F e x p a n d e d
, r e s u ltin g

o r t h o g o n a l fu n e t io n s ( T E O Fs )
.

A s s ho w n in D in g

in a n e x Pa n d e d t im e e m Pir i e a l

e t a l
.

( 1 9 9 8 )
,

S S A 15 P r o v e d

t he o r e t i e a lly t o b e T E O F
,

w hi e h 15 e s s e n t ia lly
“g e n e r a liz e d p o w e r s p e e t r a l a n a lys is

”
.

S S A

fu n e t io n s a s a m e a n s o f e x tr a e t in g x
。 e o n t a in e d w a v e p a t t e r n s ig n a ls o u t o f a n o is e s y s t e m

,
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a n d b y d e e o m p o s in g th e a s s o e ia t e d T PC s (tim e PC s ) w e id e n t ify s ig n a ls o f th e le a d in g

p e r io d s s u e h th a t w e g e t o n e 一 t yp e s ig n a l fo r o n e 一
t yp e p e r io d fr o m n o is e b a ek g r o u n d

, a n d

s u e h s ig n a ls a r e e x a m in e d t o g e th e r w ith t im e v a r ia t io n o f r e la te d T PCs a t d iffe r e n t

in t e r v a ls t o r e v e al the ir tim e 一 v a r y in g fe a t u r e s
.

O n this b a sis
,

w e a r e p e r m it te d t o

r e e o n s t r u e t s e r ie s o f e o m p o n e n ts (d e n o t e d a s R C s ) fo r e a e h o f th e sig n a ls m a r k e d b y o n e -

k in d fr e q u e n e y w ith th e a id o f T PC a n d T E OF e o m p o n e n t s
.

N o t o n ly d o e s the R C

r e e o n s t r u e t io n tr a n sfo r m the r e e o g n itio n o f fr e q u e n ey p e r io d s in to tha t o f t e m p o r a l p e r io d s

b u t the d ia g n o sis o f t im e s e r ie s 一 e o n ta in e d sig n a ls o f p e r io d s a t d iffe r in g in t e n sity 15

e o n v e r t e d in to a P r o b lem o f Pr e d ie tio n a s w e ll
.

R C s h e r e ha v e the fo r m

L少
a
仁

, + 1

m 镇 t 镇 n 一 m + 1

X 若
k , = L乡a 卜

、+ 1
1 簇 t 毛 m 一 1 (3 )

一 t + 1 , _ 艺 对
a
执

十 1
n 一 m + 2 镇 t 镇

n

t 一 n + 仇

w h e r e 五少1
5 th e ith p h a s e c o m p o n e n t o f th e 走th ty p ie a l w a v e p a t te r n a n d a

仁
、+ , r e p r e s e n t s

th e (t一 i + l)
一
th v a lu e o f th e k th PC

.

T he n X
‘k , s ig n ifie s a r e e o n s t r u e t e d s e q u e n e e o f th e

k th e o m Po n e n t
,

d e n o te d n o r m a lly a s R Cs 一

k
.

T h e fir s t P p r o n o u n e e d w a v e p a tt e r n s o r p e r io d ie e o m p o n e n t s a r e u s e d to r e e o n s t r u e t

p r im it iv e s e q u e n e e s
,

w hie h ta k e o n the a p p r o x im a t e fo r m

X
!

幻 戈
,

一 艺X 尸
.

(4 )

T h e u s e o f S S A in e o m bin a t io n w ith A R a s a p re d ie t io n m o d e l a llo w s to e s ta b lish a

lo w e r 一 o r d e r A R (P ) m o d e lth r o u g h R Cs 一

k b a s e d u p o n o f S S A
一

d e e o m p o s e d T P C s
.

W ith th e

A R (P ) m o d e l
,

e x t r a p o la t iv e p r e d ie tio n o f a ll e o m p o n e n t s e o u ld b e p e r fo r m e d fin a lly

a r r iv in g a t s y n the t ie p r e d ie tio n
.

111
.

C L A S S IF IE D A N OM A L O U S R A IN FA L L PA T T E R N S A N D T H E IR F E A T U R E S

T h e r a in fa ll fie ld s a r e d e lim ite d b y L V s a n d R L V s fr o m R P C s t u d y o f the e le m e n t fo r

the p r o ie e t a r e a
.

R e s u lt s s u g g e s t tha t R PC s m a k e p e r e e n ta g e e o n t r ibu tio n s t o t o t a l

v a r ia n e e o f th e field th a t a r e m o r e u n ifo r m ly s e a t t e r e d e o m p a r e d t o P Cs a n d th e o r d e r o f

p e r e e n t a g e s 15 e ha n g e d fo r s o m e P C s
,

the r e by b r in g in g o u t p hy s ie al im p lie a t io n m o r e

ele a r ly 1
.

e
. ,

the fe a tu r e s o f s p a e e e o r r e la t iv it y (R PC s v s P C s ) a n d fo r e a eh o f th e

e o m Po n e n t s
,

it s a s s o e ia te d s p a e e p a t te r n a llo w s its to ta l v a r ia n e e e o n t r ib u t io n s t o b e

e o n e e n t r a t e d in a r e la t e d p a t te r n a s m u e h a s p o s sib le a n d m in im iz e s s u e h e o n t r ib u t io n s in

o th e r r e g io n s
.

T h is s e r v e s the p u r p o s e o f o bie e tiv e e a t e g o r iz a t io n o f p r e e ip ita t io n p a t te r n s
.

F r o m th e p e r e e n t a g e e o n tr ib u tio n s o f PC s a n d R PC s t o t o t a l v a r ia n e e o f th e s t u d y

p a tt e r n s w e s e e tha t the e o n v e r g e n e e b e e o m e s slo w e d d o w n o f th e s e field s w ith th e

e x t e n s io n o f s p a e e八im e s e a le s a n d in e r e a s e in th e n u m b e r o f s ta t io n s
.

T h is illu s t r a te s

q u it e w e ll th a t th e p r o ie e t r e g io n 15 m a r ke d b y g r e a t d iffe r e n e e s o n a s p a e e八im e ba s is fo r

it s d iffe r e n t p a r ts be e a u s e o f it s v a s t e x p a n s e a n d e o m p lie a t e d t o p o g r a p hy
.

A s a

e o n s e q u e n e e
,

it 15 w o r thw h ile t o u n d e r ta k e a s t u d y in d e t a il o f th e s p a t ia lly a b n o r m a l
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D is t r ib u t lo n o f t he fir s t L V ( X 1 0 )

(d e n o t ed a s L V I ) o f a n n u a l p r e e iPita tio n

in N o r th C h in a
.

Fig
.

2
.

A s in Fig
.

I
J

b u t fo r th e se e o n d L V

(d n o te d a s L V Z )
.

Pe r e e n t a g e C o n tribu tio n s o f th e Fir s t E ig h t P Cs a n d R P Cs to T o t a l V a r ia n e e fo r N o r th C h in a

N u m b e r
2 3 8

PC

R P C

3 3
.

9

1 2
.

8

1 1
.

8

7
.

0

8
.

7

9
.

4

6
,

3

7
.

1

4
.

5

3
.

4

4
.

1

8
.

5

3
.

4 2
.

7

4
.

4 2
.

5

s tr u e tu r e s
.

T a ble 1 s u m m a r iz e s PC a n d R PC e o n t r ibu t io n s in p e r e e n t a g e t o to t a l v a r ia n e e

o f the r a in fa ll fie ld o f N o r th C hin a
.

F ig u r e s l一 3 p r e s e n t th e d is t r ib u t io n s o f the fir s t th r e e L V s (X 1 0 ) s ig n ifyin g a fu ll

Pie t u r e o f th e s P a tia lly a b n o r m al s tr u e t u r e s o f N o r th
一

C h in a r a in fall o n a n a n n u a l b a s is
.

F ig
.

3
.

A s in Fig
.

1 b u t fo r t h e th ir d L V (d e n o te d a s L V 3 )
·
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V ie w e d fr o m Fig
.

1
,

L V I sh o w s its p o s itiv e v a lu e s a ll th e r e g io n o v e r
,

s u g g e s t in g

e o n sis te n ey th r o u g h o u t a n d th a t th e p a tt e r n a e e o u n t s fo r 3 3
.

9%
o f t o ta l v a r ia n e e

,

w hie h 15

o bv io u s ly r e la t e d t o e ffe e ts o f la r g e 一 s e a le w e a th e r sy s t e m s
.

T his im p lie s th a t d e s p it e g r e a t

d iffe r e n e e e lim a t ie a lly in the w ho le r e g io n
,

a n n u a l r a in fa ll 15
,

to s o m e e x t e n t
,

u n d e r the

jo in t e ffe e t a n d e o n tr o l o f s e v e r a l fa e t o r s
.

W
e n o tie e th a t m a x im u m L V I b a n d 15 in th e

m id dle p a r t
,

w ith th e e e n t r a l m a g n it u d e r e a e h in g 0
.

1 5
,

w hie h m e a n s tha t th is s e g m e n t 15

m a r k ed b y la r g e r v a r ia bility o f r a in fa ll in N o r th C h in a a n d e x t r e m e ly s e n s it iv e t o t he

a n o m a ly o f flo o d s a n d d r o u g ht s
.

L o o k in g a t L V Z d is t r ib u t io n o f Fig
.

2 w e s e e a “s o u th e r n p o sit iv e 一n o r th e r n n e g a tiv e ”

p a t t e r n
,

w h ie h m ak e s u p 1 1
.

8 % o f to t a l v a r ia n e e
,

1
.

e
. ,

p o s it iv e v a lu e s a r e d is t r ibu t e d in

m u eh o f S h a n x i P r o v in e e a n d s o u thw e s t H e b e i
,

e e n te r e d a t s o u th S h a n x i w ith a e e n t r a l

v a lu e o f 0
.

2 3
,

a n d n e g a t iv e v a lu e s a r e in th e e a s t a n d n o r th o f H e b e i P r o v in e e
,

e e n t r a l a n d

e a s te r n In n e r M o n g o lia
,

e e n t e r e d o n s o u th e a s t In n e r M o n g o lia
.

F r o m L V 3 d is tr ib u tio n w e n o t ie e a p a tt e r n w ith w e s t e r n n e g a t iv e a n d e a s t e r n p o s itiv e

v a lu e s th a t a e e o u n t s fo r 8
.

7 %
o f to ta l v a r ia n e e

,

w ith th e z e r o lin e r u n n in g fr o m N W H e be i

t o s o u th e r n S h a n x i
,

a Po s itiv e 一 v a lu e b e lt t o the w e s t tha t 15 e e n t e r e d (0
.

2 2 ) a t th e b o r d e r s

b e tw e e n In n e r M o n g o lia
,

S h a n x i a n d H eb e i
,

a n d a n e g a t iv e b e lt in e a s t e r n N o r th C h in a

e e n te r e d (一 0
.

2 1 ) o n th e b o r d e r s o f H e be i
,

H e n a n a n d S h a n d o n g P r o v in e e s
.

T he a n o m a lo u s p a t t e r n s o f a n n u a l p r e e ip it a tio n in elu d e a p o sit iv e 一v a lu e d is tr ib u tio n

a lm o s t thr o u g h o u t N o r th C h in a (L V I)
,

th e o p p o s it e s in th e s o u th v s n o r th (L V Z ) a n d

e a s t v s w e s t (L V 3 )
.

T o m a k e e lim a t e fe a t u r e s o f the y e a r ly r a in fa ll e le a r o n a lo e a l b a s is

w e P e r fo r m r o ta t io n o f lo a d v e e t o r s a s s o e ia t e d w ith the fir s t 8 Pr in e iP a l e o m p o n e n ts a n d w e

g e t 5 le a d in g s p a tia lly a n o m a lo u s p a t t e r n s fr o m th e fir s t 6 b u t th e fifth R L V fie ld s
.

F ig u r e 4 a d e p ie t s tha t R L V I h ig h
一v a lu e b a n d 15 in e a s te r n N o r th C h in a (w ho s e

in fo r m a tio n e o m e s d o m in a n tly fr o m L V 3 ) w ith the e e n t r a l v a lu e o f 0
.

7 lo e a t e d in B e iiin g
,

T ia n iin a n d th e v ie in ity o f the s e a b o a r d
,

a n d the m a g n it u d e 15 m u e h b ig g e r th a n b efo r e

r o ta t io n
,

r efe r r e d t o a s a n E a s t e r n N o r th
一

C h in a Pa t te r n
.

T h is Pa t t e r n 一e o v e r e d a r e a h a s

g r e a t e r m e a n o f y e a r ly r a in fa ll w ith m o d e r a t e v a r iab ility in th e a v e r a g e s
.

T his s it u a tio n

m ak e s this p o r t io n a P a r t ie u la r P r e e iPit a tio n Pa t t e r n
.

F ig u r e 4 b p r e s e n t s t he R L V Z d is t r ib u tio n w ith a h ig h
一v a lu e b a n d in s o u th e r n N o r t h

C h in a a n d the e e n t r al v a lu e o f 0
.

7 15 a lo t b ig g e r th a n b e fo r e r o t a tio n
.

T he d is tr ib u tio n ha s

it s in fo r m a tio n la r g ely fr o m L V Z a n d 15 e a lle d a S o u the r n N o r th C hin a Pa t t e r n
.

It 15 w o r t h

m e n t io n in g tha t th is p a tt e r n e o v e r s a r e g io n w ith m a x im u m r a in fa ll v a r ia b ility in the

p r o ie e t a r e a w h e r e m o s t o f th e a n n u a l Pr e e ip ita t io n 15 o ft e n p r o v id e d by a few r a in s t o r m s

a n d 7 0 %一 8 0 %
o f y e a r ly r a in fa ll o e e u r s in s u m m e r (H eb e i 1 9 9 0 )

,

e
.

9
. ,

th e e v e n t s

o b s e r v ed in A u g u s t 1 9 6 3
,

A u g u s t 1 9 9 6 a n d Ju ly 2 0 0 0
,

thu s m ak in g r a th e r d is t in e t it s

r e g io n a l fe a t u r e s o f flo o d a n d d r o u g h t
.

T h e R L V 3 fie ld h a s it s h ig h
一 v a lu e ba n d p o s it io n e d in w e s te r n N o r th Ch in a

,

v iz
. ,

fr o m w e s t e r n S h a n x i t o e e n t r a l In n e r M o n g o lia
,

w ith the in fo r m a t io n e o m in g m a in ly fr o m

L V 3
.

It 15 n a m e d a
W

e s t e r n N o r th C h in a Pa t te r n
,

w ho s e e e n t r a l v a lu e r e a e he s 0
.

9
.

T h is

p a t t e r n r e e e iv e s le s s r a in fa ll o n a n a n n u a l b a s is b u t sh o w s g r e a t e r v a r ia b ility
.

T h e n o r the r n p a r t o f N o r th C h in a 15 a n o the r e x t r a o r d in a r ily s e n s it iv e r e g io n
,

e s p e e ia lly th e b a n d fr o m n o r th e r n H e b e i t o e a s te r n In n e r M o n g o lia
.

T his 15 e a lle d a
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Fig
.

4 T h e ls t R L V fie ld o f a n n u a l p r e eip ita tio n in N o r th C h in a fo r (a ) R L V I (b ) R LV Z
,

(e )

R L V 3
,

(d ) R L V 4
,

(e ) R L V 6
,

a n d (f) m a in p a t t e r n s o f s p at ia lly a n o m a lo u s r a in fa ll in N o r t h

C hin a
.
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7 1

w ho s e in fo r m a t io n e o m e s d o m in a n tly

n o r th e r n Po r tio n o f N o r th C h in a
.

T h is

r e s w ith m in im u m a n n u a l m e a n a n d

e e n t e r e d (a s m u e h a s 0
.

7 ) a r o u n d t he m id d le p a r t o f th e

a r e r a th e r b ig s u eh th a t it 15 a n a r e a o ft e n h it b y t o r r e n t ia l r a in a n d s e v e r e

T h e p r in e ip le o f s e p a r a t in g r a in fa ll p a t t e r n s e o n s is t s in th e s im ila r it y o f s t a tio n r a in fa ll

v a r ia t io n fo r a p a r t ie u la r p a t te r n a n d in g r e a t d iffe r e n e e in r ain fall v a r ia t io n b e tw e e n

s ta t io n o in d iffe r e n t p a t t e r n s
,

A n y o f th e r a in fa ll p a t te r n s e o n s is t s o f n e ig h b o r in g s t a tio n s

w ith lo a d ) 0
.

5 in th e s a m e L V fie ld
.

H o w e v e r
,

s o m e s t a t io n s m a y be P u t in t o tw o o r

m o r e n e ig h b o r in g p a t t e r n s a n d fa ll in t o the o n e w ith m a x im u m lo a d o f th e L V fie ld
.

A s a

r e s u lt
,

s t a t io n r a in fa ll m e a n s w ithin the s a m e p a t t e r n ha v e a n a lo g o u s v a r ia t io n s
.

T h e

d elim ite d p a t t e r n s a r e s h o w n in Fig
.

4 f
.

T h e fiv e p a t t e r n s o f a b n o r m a l p r e e ip it a t io n in the p r o je e t r e g io n a r e a n E a s te r n
,

a

So u th e r n
,

a
W

e s te r n
,

a N o r th e r n a n d a C e n tr a l N o r th C h in a Pa t t e r n
,

w h ie h 15 v e r y elo s e

t o the r e g io n a liz a t io n fr o m e lu s t e r a n aly sis
.

It fo llo w s th a t th e elim a t e r a in fa ll p r e d ie tio n
,

if m a d e s u e e e s s fu lly
,

allo w s t o g e t th e k ey k in d o f a n n u a l a n o m a ly fo r th is s t u dy r e g io n
.

IV
.

S SA
一

G IV E N LE A D IN G PE R IO D S O F T H E PA T T E R N S

S SA (s in g u la r s p e e t r al a n a ly sis ) 15 r e g a r d ed a s a t e eh n iq u e e s p e e ia lly s u it a b le fo r

in v e s tig a tin g p e r io d ie o s e illa t io n (V a u t a r d 1 9 9 2 )
.

F o r th e p a t t e r n s o b t a in e d
,

th eir

te m p o r a l e o e ffie ie n ts a r e S S A e x a m in e d
,

s e p a r a t ely
,

in o r d e r t o e x Plo r e P r o p e r tie s o f

sig n a ls o f q u a s i
一

p e r io d ie o s e illa t io n s fo r e a e h o f th e p a t te r n s t o g a in a fu lle r p ie t u r e o f th e

p e r io d s
,

thu s p r o v id in g w ith b a s is 王o r s ho r t
一 r a n g e e lim a te p r e d ie t io n

.

G e n e r a lly
,

the b ig g e r the m a x im u m t im e la g M
,

th e m o r e s e n s it iv e th e s p e e tr a l

r e s o lu t io n
.

T e s t s s h o w th a t if the w in d o w le n g th 15 拟 w e e a n w ell id e n t ify o s e illa t io n s a t

p e r io d s o f M / 5 一M b u t M
s ho u ld n o t e x e e e d N / 3 5 0 a s to m a k e s ta tis tie a l e r r o r o f a n

e s tim a t e fr o m e r o s s e o v a r ia n e e o f m a x im u m t im e la g M 一 1 b ig g e r th a n th e e s t im a t e it s e lf
.

T h e u s e d d a t a e o v e r 1 9 6 5 一 2 0 0 0 (th e s a m Ple s iz e is n = 3 6 X 1 2 )
.

T his a llo w s t o t a k e
M一

1 1 0 m o n th s
,

w h ie h e n s u r e s
M < N / 3 a n d m a ke s sP e e t r a l r e s o lu t io n r a th e r s e n s it iv e a s

w e ll
.

B e s id e s
.

e x p e r im e n t s w e r e e o n d u e t e d w ith M = 1 0 0
,

1 2 0 a n d 1 3 0 m o n th s
,

s e p a r a t e ly
,

in d ie a t in g n o b ig v a r ia tio n
,

T he d is t r ib u t io n s o f th e fir s t e ig h t e ig e n v e e to r s (typ ie a l w a v e 一

Pa tt e r n v e e t o r s ) a r e

g iv e n b y S S A (fig u r e n o t sho w n )
,

g iv in g d o m in a n t p e r io d m o d e s fo r e a eh o f th e r a in fa ll

Pa t t e r n s
.

T ab le 2 p r e s e n t s th e p e r e e n t a g e e o n t r ibu t io n s t o t o t a l v a r ia n e e fo r t he fir s t e ig h t

e ig e n v alu e s fr o m S S A
,

w h ieh d iffe r in m a g n itu d e
,

w ith m a x im u m s u m fo r the S o u the r n

Pa t t e r n (8 5
.

9 % )
,

n e x t fo r th e
W

e s t e r n (8 2
,

8 % ) a n d m in im u m fo r the N o r the r n

(7 0
.

7 % )
.

H e n e e
,

w e e a n s e e th a t the m o d e s o f th e le a d in g p e r io d s a r e w ell d e n o t e d by

5 ig n a ls e o n t a in e d in th e 8 e ig e n v a lu e s fo r th e E a s t e r n Pa t t e r n a n d th o s e in th e fir s t 6
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17

e ig e n v a lu e s fo r th e o th e r 4 Pa t te r n s e a n d o 5 0
,

t o o
,

b e e a u s e the ir to t als r e a e h
,

in o r d e r
,

7 6
.

2 %
,

7 2
.

0 %
,

6 1
.

9 % a n d 6 4
.

5 % fo r th e So u th e r n
,

W
e s t e r n

,

N o r the r n a n d C e n t r a l

Pa tt e r n s
.

T a b le 2
.

C o n tr ib u tio n s (in % ) to T o t a l V a r ia n e e o f th e Fir s t E ig h t S SA E ig e n v e e to r s (th e N e s te d

D im e n s io n 15 1 1 0 M
o n t hs ) fo r th e Fiv e R a in fa ll P a tte r n s

De m a r e a te d De
n o te d by E

,

S
,

W
,

N a n d C

1 2 3 4 5 6 7 S T o ta l

E 1 6
.

5 1 5
.

4 12
.

7 1 0
.

7 8
.

5 7
.

3 4
.

4 3
.

9 7 9
.

4

W 1 5
.

9 15
.

2 1 1
.

4 1 1
.

0 9
.

8 8
.

7 5
.

5 5
.

3 8 2
.

8

N 1 6
.

3 15
.

5 9
.

4 8
.

4 6
.

5 5
.

8 4
.

9 3
.

9 7 0
.

7

5 1 7
.

3 1 6
.

7 1 2
.

3 1 1
.

5 9
.

8 8
.

6 5
.

2 4
.

5 8 5
.

9

C 1 7
.

4 1 6
.

3 1 0
.

8 9
.

9 5
、

4 4
.

7 4
.

1 3
.

8 7 2
.

4

F o llo w in g V a u t a r d (1 9 9 2 )
,

w e e a n e x t r a e t fr o m th e fir s t 6 t o 8 e ig e n v a lu e s o u t o f

th e s e p a t te r n s
,

d e p e n d in g o n eir e u m s ta n e e s
,

3 一 4 k in d s o f s ig n a ls o f s ig n ifie a n t p e r io d ie

o s eilla tio n s
,

w hie h a r e s ho w n in T a ble 3
.

T a b le 3
.

S SA
一

G iv e n S ig n a ls o f Pr o n o u n e ed Pe r io d s fo r th e R a in fa llPa t te r n s B r ie fly De
n o te d by E

,

S
,

W

N a n d C
,

a n d M S ta n d in g fo r
M

o n th s

T C T C 3
.

‘ T C S
.

。 T C 7 :

8 5 一 9 5 (M )

22 一 2 6 (M )

22 一 2 6 (M )

22 一 2 6 (M )

2 2 一 2 6 (M )

5 0 一 6 0 (M )

5 0 一 6 0 (M )

3 0 一 3 6 (M )

5 0 一 6 0 (M )

8 5一 9 5 (M )

3 0 一 3 6 (M )

3 0 一 3 6 (M )

8 5 一 9 5 (M )

3 0 一 3 6 (M )

3 0 一 3 6 (M )

2 2一 2 6 <M )E5WNC

T a ble 3 sh o w s th a t th e p e r io d ie s ig n a ls e o n t a in e d in th e s e p a t t e r n s s o m e w ha t d iffe r
.

N e v e r th ele s s
,

th e m o s t d o m in a n t p e r io d s a r e a n a lo g o u s fo r a ll b u t th e E a s t e r n Pa t t e r n
,

w ith the ir e ig e n v e e t o r s 1 a n d 2 in d ie a tiv e o f q u a si Z
一
y e a r p e r io d s v e r s u s the q u a s i 7 一 8 y e a r

o s e illa tio n s fo r th e E a s te r n P a t t e r n w ho s e e ig e n v e e t o r s 7 a n d s
,

h o w e v e r
,

s ig n ify q u a s i Z
-

ye a r o s e illa t io n s
.

T h e s e e o n d r em a r ka ble p e r io d s o f a ll e x e e p t fo r the
W

e s te r n P a tt e r n a r e

q u it e n o tie e a b ly lo n g
,

e
.

9
.

th e C e n tr al P a t te r n h a s q u a si 7 一 8 y e a r p e r io d s
,

th e

So
u th e r n

,

N o r th e r n a n d E a s t e r n P a t t e r n s d is p la y q u a s i 4 一 5 ye a r o s e illa t io n s e o m p a r e d t o

q u a s i 3
一

ye a r p e r io d s fo r th e
W

e s te r n Pa t t e r n
.

T h e th ir d r em a rk a b le p e r io d s a r e sh o r t e n e d
,

m o s tly to q u a si 3 ye a r o s e illa tio n s
,

th e e x e ep t io n b e in g th e
W

e s t e r n P a tt e r n o f q u a s i 7一 8

ye a r o s eilla t io n s
.

T h e fin d in g s p r e s e n t e d he r e a r e in a g r e e m e n t w ith th e p o w e r s p e e t r a l

a n a lys is o f th e q u a s i Z一 7 ye a r p e r io d s fo r th e v a lle ys o f the H a ih e R iv e r in th e e a s t p a r t o f

N o r th C h in a (T a n g e t a l
.

1 9 9 0 )
.

T h e v a r ia t io n s in the s e o s e illa t o r y e o m p o n e n t s a r e v a r ie d fo r th e s e r a in fa ll Pa t t e r n s
,

thu s le a d in g t o e o m plie a te d p r o p e r t ie s o f a n n u a l p r e e ip it a tio n in N o r th C h in a
.

B a s e d u p o n

the ir r e s p e e t iv e v a r ia t io n in the e o tn p o n e n t s
,

h o w e v e r
,

r e g r e s s io n a n a ly s is e a n b e m a d e fo r

e x t r a P o la t iv e Pr e d ie tio n fo r e a eh Pa t te r n
.
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V
.

EX PE R IM E N T ON SH O R T
一

R A N G E C LIM A T E P R E D IC T IO N OF T H E S E P A T T E R N S

T o r a is e p r e d ie t in g a e e u r a e y a s e he m e o f S SA a n d A R (a u t o 一 r e g r e s s io n ) in

e o m b in a t io n 15 d e v e lo Pe d t o p r e d ie t th e r a in fall fo r th e s e P a t t e r n s in t e r m s o f a n a d a p t iv e

fi lt e r
.

B y m e a n s o f th e S S A a n d A R s eh e m e D in g (1 9 9 8 a ) e o n d u e t e d s u e e e s s fu lly

e x p e r im e n t s o n s ho r t
一 r a n g e p r e d ie t io n o f th e N in o 一 r e g io n S S T A in t e r m o n thly m e a n s e r ie s

.

B u t e x Pe r im e n ts o n r a in fa ll Pr ed ie t io n a r e r ela t iv e ly fe w e r
.

S ho r t 一te r m p re d ie t io n o f

m o n th ly a n o m aly s e q u e n e e s fo r th e s e p a t t e r n s d e a lt w ith in th e p r e s e n t s t u d y p r o v id e s a

n e w a PP r o a e h t o P r e e iPit a t io n r e s e a r eh
.

1
.

刀口 ta a n d P
r ePro c e ss in g

T h e 1 9 6 5 一 2 0 0 0 m o n thly r a in fa ll d a t a o f e a e h s t u d y s t a t io n in N o r th C h in a a n d it s

n e ig h b o r h o o d e o n s t itu t e a t im e s e r ie s th a t 15 n o r m a liz e d
.

It s ho u ld b e n o t e d th a t th e

m o n thly s e q u e n e e s s ta n d a r d iz e d by r e g io n ally a v e r a g e d r a in fa ll e o n t a in u n d a m a g e d m u lt i
-

fr e q u e n e y s ig n a ls th e r e o f 5 0 a s t o k e e p o s e illa t o r y in fo r m a tio n in s id e a t p e r io d s
,

in t r a s e a s o n a l
,

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

T he r e w e r e s t u d ie s p e r fo r m in g s u e h p r e d ie t io n in

th e e o n t e x t o f a n in t e r a n n u a l s e r ie s w ith a m o n th fix e d
.

A s a r e s u lt
,

th is p r a e t ie e 15

u n d o u b t e d ly r e s p o n s ible fo r th e 10 5 5 o f p a r t o f u s e fu l s ig n a ls
,

w h ieh 15 u n a e e e p t a ble e v e n

in th e r e s e a r e h o f p e r io d s a t in t e r a n n u al o s e illa tio n s
.

T h is w o u ld n o t le a d a t Ie a s t to th e

fu ll u t iliz a t io n o f th e in t e r a e t io n s b e tw e e n th e o s e illa tio n s o n d iffe r in g s e a le s
,

s e a s o n a l a n d

in t r a s e a s o n a l
,

fo r e x a m p le
.

V iew e d fr o m s a m p lin g
,

p ie e e s o f in fo r m a t io n in in t e r m o n th ly

s e r ie s a r e in e lo s e r e o n fo r m ity to the r e q u ir em e n t o f fr e q u e n ey s ig n a ls s a m p lin g the o r e m 5 0

a s t o r e d u e e the fr e q u e n ey
“e o n fu s io n ”

(Pr ie s tle y 1 9 8 1 )

2
.

C o n s tr u c tio n
of

a n S S A
一

A R (P ) 八了。d e l w it h It s

S S A 15 a p p lie d t o th e d a t a s e r ie s o f a ll th e

E xP
e r im e n t

p a tt e r n s
,

le a d in g to T PC e o m p o n e n t s
,

fo llo w e d by E q
.

(3 ) 一 r e e o n s t r u e t in g the s e r ie s R C s fo r a lo w e r 一 o r d e r A R (P ) m o d e l
,

the r e b y p e r m it t in g t o m a ke e x t r a p o la t iv e p r e d ie t io n o f the e o m p o n e n t s
.

T h e n E q
.

(4 ) 15

e m p lo ye d t o m a k e s u p e r im p o s it io n o f e x t r a p o la tiv e s e q u e n e e s in o r d e r to p r e p a r e

P r e d ie t io n
,

in t e r m s o f a n a d a p t iv e filt e r
,

o f th e r a in fa ll in sid e th e P a t te r n s
.

T he p r o e e d u r e

15 1 ) p r e p r o e e s s in g o f the s e r ie s o f e a e h o f th e p a t te r n s : 2 ) th e S S A t r e a tm e n t o f

t im e s e r ie s ; 3 ) r e e o n s t r u e tio n o f R C s fo r e a e h o f th e p a t te r n s : 4 ) e s t ab lish m e n t o f a n A R

m o d e l fr o m th e R Cs fo r e a eh o f th e p a tt e r n s t o m a ke e x t r a p o la tiv e p r e d ie t io n ; a n d s )

s y n th e sis o f th e e x t r a p o la tiv e P r e d ie tio n s e r ie s fo r fin a l r e s u lt
.

A n a tt e m P t w a s m a d e t o p r e p a r e a n A R m o d e l fr o m r e e o n s t r u e t e d R C s l一 8 r ela t e d t o

T C P I 一 8 fo r e a e h P a tt e r n in the in t e r v a l o f Ja n u a r y 1 9 6 5 一 D e e e m be r 1 9 9 8
,

w ith the

o p t im a l n u m b e r o f o r d e r P s e le e te d fr o m th e R Cs b y m e a n s o f FPE e r it e r io n
.

T h e P 15

s o m e w h a t d iffe r e n t fr o m o n e p a t t e r n t o a n o th e r
,

v a r y in g n o r m ally b e tw e e n 1 a n d 5
.

R e s u lt s s u g g e s t th a t m o s t o f the R C s a r e s u it a b le fo r th e e s ta b lish m e n t o f a lo w e r 一 o r d e r

A R m o d el w ith q u it e g o o d fit t in g
.

B e s id e s
,

b e e a u s e the p r e p a r e d m o d e l 15 s im p le in

s t r u e t u r e a n d the e o n t a in e d s ig n a ls a r e t o o s im p le t o b e in t e r fe r e d b y s t r o n g n o is e
,

e x tr aP o la t iv e P r e d ie t io n 15 fo u n d e d o n s o lid b a s is
.

E x p e r im e n ts a r e p e r fo r m e d in t e r m s o f d iffe r e n t m a x im u m t im e la g M
,

w ith th e
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.

T he fit o f e o r r e la tio n e o e ffie ie n t s be t w e e n th e p r e diet io n s a n d m e a s u r e m e n ts fo r t he r a in fa ll

p a tte r n s a t a r a n g e o f m a x im u m tim e la g M
,

w he r e E
,

S
,

W
,

N a n d C sta n d in g fo r t he

E a s te r n
,

S o u t he r n
,

W
e s t e r n

,

N o r t h e r n a n d C e n tr a l Pa t t e r n s
,

r e sp e e tiv e ly
.

r e s u lt s g iv e n b e lo w
.

It 15 a p p a r e n t fr o m Fig
,

5 th a t d iffe r e n t v a lu e s o fM ha v e e ffe e t o n the fitt in g s fo r th e

p a tt e r n s
,

a n d o n ly fo r a n a p p r o p r ia te
M 15 h ig h e r fit p o s s ible

.

Fo r th is r e a s o n
,

M
o f 3 0

,

6 0
,

8 0 5 0 a n d 6 0 a r e s u ita b le
,

r e s p e e tiv e ly
,

fo r the E a s t e r n
,

So u th e r n
,

W
e s t e r n

,

N o r the r n a n d Ce n t r a l P a tt e r n s in th e s tu d y r e g io n
.

P r e d ie t io n s w e r e m a d e by u s e o f m o n th ly s e r ie s a s in d e p e n d e n t s a m p le s e o v e r in g

Ja n u a r y 1 9 9 9 t o D e e e m b e r 2 0 0 0
,

in d ie a t in g r a th e r g o o d a g r e e m e n t b e tw e e n th e p r e d ie te d

a n d o bs e r v e d v a lu e s (fig u r e n o t sh o w n )
.

W
e g e t th e e o r r e la tio n o f 0

.

8 4 b e tw e e n th e

s u P e r im Po s e d a n d Pr e d ie t ed s e r ie s fo r the C e n t r a l Pa t te r n
.

H o w e v e r
,

if th e fit a n d

p r e d ie tio n w e r e m a d e b y th e A R (P ) m o d e l b a s e d d ir e e tly u p o n Pr im it iv e s e q u e n e e s
,

r e s u lts w o u ld n o t b e 5 0 g o o d
.

T a k e fo r e x a m p le th e C e n tr a l Pa t t e r n
.

T he A R (P) m o d e l
-

g iv e n fit a n d p r e d ie tio n s ho w th e e o r r e la t io n e o e ffie ie n t o f a s lo w a s 0
.

3 8 be tw e e n

p r e d ie te d a n d m e a s u r e d v a lu e s fo r Ja n u a r y 1 9 9 9 t o D e e em b e r 2 0 0 0
,

in d ie a t in g th a t th e

A R (P ) p r ed ie t io n w ith o u t SS A tr e a t m e n t p r o d u e e s p o o r e v id e n e e
.

H o w e v e r
,

it 15 w o r th

n o t in g th a t lo w
一

p a s s filt e r in g ha s
,

in effe e t
,

b e e n m a d e o f p r im it iv e s e q u e n e e s in th e S S A
-

A R s eh em e
,

le a d in g t o T PC I 一 8 m ak in g u p 7 2
.

4 %
o f t o t a l v a r ia n e e

.

E v id e n tly
,

th e

h ig he r p r e d ie t io n o f 0
.

8 4 s h o u ld
,

in fa e t
,

be a p p r o x im a t e ly a 一 6 1 % a e e u r a e y p r e d ie te d b y

p r im it iv e s e r ie s 一 th e a e e u r a e y r e fe r s t o th e v a r ia n e e e o n tr ib u tio n s u m o f S S A
一

g iv e n fir s t s

e ig e n v e e t o r s m u lt ip lie d b y th e e o r r ela t io n e o e ffie ie n t b e tw e e n th e s u p e r im p o s e d a n d

p r e d ie t e d s e r ie s (0
.

8 4 只 0
.

7 2 ) 一 p lu s a b o u t 0
.

2 3 im p r o v e m e n t thr o u g h th e e o m p a r is o n

m a d e in o r d e r w ith th e A R (P ) r e s u lt s
.

E v id e n tly
,

o u r S S A
一

A R m o d e l sh o w s it s

im p r o v e m e n t o f 2 3 %
e o m p a r e d to 3 8 % a e e u r a ey ju s t fr o m the A R (P ) m o d e l

.

In o the r

w o r d s
,

the b a ek g r o u n d n o is e in h e r e n t in the Pr im it iv e s e q u e n e e s h a s b e e n r e m o v e d in th e

filt e r e d s e r ie s
,

r e s u lt in g in n e a r ly 2 3 % im p r o v e m e n t o f the p r e d ie t io n
.

T h is d e m o n s t r a t e s

m e r it s o f the S SA
一

A R s e he m e
.

L ike w is e
,

w e g e t p r e d ie t io n s fo r th e o the r p a t t e r n s
,

a s sh o w n in T a b le 4
,

w he r e fr o m

w e n o t ie e th a t a s r e g a r d s th e fit a n d p r e d ie tio n the S S A
一

A R 15 s u p e r io r t o th e A R (P )

m o d e l in th e im p r o v e m e n t o f a s h ig h a s 4 0 % o f r a in fa ll p r e d ie t io n fo r the S o u th e r n Pa t t e r n

e o m p a r ed t o 1 6% o n ly fo r the N o r the r n e q u iv a le n t iu s t b a s e d o n th e A R (P )
.
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Co r r e la tio n e o e ffie ie n ts be tw e e n p r e d ie tio n a n d m e a s u r e m e n t fo r a ll th e p a tte r n s
,

w ith t he

b lo ek s a r r a n g e d r ig h tw a r d d e n o t in g
,

in o r d e r
,

t he E a s te r n (E )
,

S o u th e r n (S ) W
e s te r n

(W )
,

N o r t he r n

入) a n d C e n t r a l (C ) Pa t te r n s
.

M
s ta n din g fo r m o n t hs

.

T a b le 4
.

P re d ie t io n s o f Pr e e ip it a tio n in th e F iv e P a tte r n s

S SA
一

A R m o d e l

—
A R (P) Im p r o v e m e n t

T PC I一 8 eo r r e l
.

A PS P
肠

E 7 9
.

4 % 0
.

7 2 0
.

5 7 D
.

3 0 0
.

2 7

5 8 5
.

9 % 0
.

8 6 0
.

7 4 0
.

3 4 0
.

4 0

W 8 2
.

8 % 0
.

8 3 0
.

6 9 0
.

3 6 0
.

3 3

N 7 0
.

7% 0
.

7 4 0
.

5 3 0
.

3 7 0
.

1 6

C 7 2
.

4 % 0
.

8 4 0
.

6 1 0
.

3 8 0
.

2 3

苍

A PSP s t a n d s fo r A e e u r a e y fr o m P r im itiv e S e q u e n e e Pr e dietio n
.

T e s t s w e r e e o n d u e t e d a t t im e in t e r v a ls in e lu d in g Ja n u a r y 一D e e e m be r
,

1 9 9 9
,

Ja n u a r y

一Ju ly
,

2 0 0 0 a n d Ja n u a r y一 D e e e m b e r
,

1 9 9 9
,

Ja n u a r y 1 9 9 9一 Ju ly 2 0 0 0 a n d Ja n u a r y 1 9 9 9一

D e e e m b e r 2 0 0 0 a s in d e p e n d e n t s a m p le s
,

r e s u ltin g in e o r r e la t io n e o effie ie n ts b e tw e e n

p r e d ie t e d a n d m e a s u r e d v a lu e s
.

A s s ho w n in Fig
.

6
,

the p r e d ie t io n s b e e o m e in e r e a s in g ly

p o o r e r a s th e t im e in t e r v a ls a r e p r o lo n g e d fo r a ll the p a t te r n s
.

3
.

Co
n护a

rz’s
o n a n d A ss es s m e n t

Fo r a s s u m e d o p e r a t io n a l p u r p o s e s w e e m p lo y e d th e m o n thly s e q u e n e e s e o v e r in g

Ja n u a r y 1 9 6 5一 D e e e m b e r 2 0 0 0 (t o t a l o f 3 6 y e a r s o r 4 3 2 m o n th s ) to p in Po in t m e a n a n o m a ly

o f m o n th ly r a in fa ll fo r Ja n u a r y 一 D e e em b e r 2 0 0 1 in th e e o n te x t o f th e p a t te r n 一 s p e e ifie S S A
-

A R m o d e l (s e e Fig
.

7 )
.

T he p r o g n o s t ie t r e n d s d is p la y th a t th e w e t
一

p e r io d r a in fa ll a m o u n t s a r e b e lo w m o n th ly

m e a n t o v a r yin g d e g r e e
,

a r e s u lt th a t 15 b a s ie a lly in e o n e o r d w ith m e a s u r e m e n t s
.

S ta t e d

a n o the r w a y
,

th e SS A
一

A R rn o d e l b a s e d o n d a t a p r io r t o D e e e m b e r 2 0 0 0 p r o d u e e s fa ir ly

g o o d p r e d ie t io n o f m o n thly r a in fa ll
,

a t le a s t a s r e g a r d s th e t r e n d s
,

fo r th e s e p a tt e r n s
,

in d ie a t in g hig he r h it r a t e s
,

e s p e e ia lly in the C e n t r a l
,

S o u th e r n a n d E a s t e r n P a tt e r n s
,

fo r

w h ieh p r e d ie t io n s a g r e e w ith m e a s u r e m e n ts
,

p a r t ie u la r ly o n th e a n o m aly t r e n d s e x e e p t fo r

s o m e d iffe r e n e e in p h a s e
.

In e o n t r a s t
,

p r e d ie t io n s a r e p o o r e r fo r the N o r th e r n a n d W
e s t e r n

P a t t e r n s b e e a u s e o f u n s t e a d y r a in fa ll a n d o th e r fa e t o r s
.

O n th e w ho le
,

th e a n o m a ly t r e n d s
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.

sSA
一

A R p r e die te d m o n t hly r a in fa ll fo r Ja n u a r y一 D ee e m be r 2 0 0 1 in th e s e p a t te r n s
·

a g r e e w ith m e a s u r e m e n ts
,

d iffe r in g o n ly in in te n s ity a n d p ha s e fo r s o m e o f th e p a t t e r n s
.

T h e e a u s e 15 tha t the S S A
一

A R s eh e m e 15 fo r sy n th e tie Pr e d ie t io n b a s e d o n r e e o n s t r u e t io n o f

e o m p o n e n t s e r ie s 5 0 th a t th e P r e d ie t io n a e e u r a e y d eP e n d s o n th e q u a lity o f R C s e r ie s
.

E x a m in a tio n o f s u b
一 e o m p o n e n t s e q u e n e e s R C s l 一 8 g iv e n p r e d ie t io n s r e v e a ls th a t the y

d iffe r in q u ality a n d r o b u s tn e s s
,

th e r e b y in flu e n e in g th e p r e d ie t io n q u ality o f th e

s u p e r im p o s e d e o m p o n e n t
,

w h ieh 15 r ela t e d t o th e p r e d ie t io n q u a lity
.

It fo llo w s th a t b a s e d

o n th e SS A d e e o m p o s it io n
,

h o w to g e t R Cs in a n o bje e tiv e w a y a n d t o d e v e lo p a s t ill m o r e

effe e tiv e s e he m e a r e a k e y lin k o f th e P r o b le m
.

V l
.

C O N C L U D IN G R E M A R K S

Fr o m th e fo r e g o in g s t u dy w e e o m e t o the fo llo w in g
.

(1 ) T he a n n u a l r a in fa ll p a t te r n s e o n s is t o f thr e e d o m in a n t typ e s o f s P a t ia l a n o m a ly

b a s e d o n th e L V field s (Fig s
.

1 一 3
,

v iz
.

th e p a t t e r n (i ) o f p o s it iv e L V I v a lu e s

thr o u g ho u t
,

(11) n o r the r n p o s it iv e 一 s o u th e r n n e g a t iv e L V Z v a lu e s a n d (111 ) w e s t e r n

p o s it iv e 一 e a s t e r n p o s it iv e L V 3 v a lu e s
.

N o r th Ch in a r a in fa ll h a s a k e y lin k o f the eh a n g e fo r

th e w h o le r e g io n
,

th a t 15
,

p r e e ip it a t io n o v e r th e e e n t r al p a r t p la ys a e r itie a l r o le in flo o d /

d r o u g h t h a p p e n in g th r o u g ho u t N o r th C h in a
.

M o r e o v e r
尸

r a in fa ll d iffe r e n e e a r is e s th e r e

o w in g t o g e o g r a p h ie la t it u d e
,

la n dfo r m a n d a ffe e t in g s ys te m s a n d th e o p p o s ite s o f flo o d

a n d d r o u g ht o e e u r r e n e e a r e e x h ibit e d la r g e ly in p a t t e r n s (11) a n d (111)
.

(2 ) T he a n o m a lie s o f m o n th ly r a in fa ll a r e d iv id e d in t o 5 p a t t e r n s
,

1
.

e
. ,

th e E a s t e r n
,

S o u the r n
,

W
e s t e r n

,

N o r th e r n a n d C e n tr a l
,

a n d r a in fa ll 15 r e la t iv e ly e o m p a r a ble in s id e
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(3 ) T he p r e e ip it a tio n in s id e th e p a t t e r n s sh o w s thr e e le a d in g p e r io d s
,

1
.

e
. ,

q u a si Z
一 ,

q u a s i 4 一 5
一 o r 7 一 8

一 a n d q u a s i 3
一

y e a r o s e illa tio n s
.

Fo r the S o u th e r n
,

W
e s t e r n a n d C e n t r a l

Pa t te r n s the d o m in a n t Pe r io d s a r e in s u eh a n o r d e r a s q u a si Z
一 ,

q u a s i 4 一 5
一 o r q u a s i 7 一 8

-

a n d q u a s i 3
一

ye a r o s e illa t io n s : fo r th e
W

e s t e r n Pa tt e r n a s q u a si Z
一 ,

q u a s i 3 一 a n d q u a s i 7 一 8
-

ye a r o s e illa tio n s a n d ju s t th e o p p o s it e to th e
W

e s t e r n ha p p e n s in the E a s te r n p a t te r n
.

(4 ) T h e SS A
一

A R m o d e l 15 a p Plie a b le t o r a in fa ll p r ed ie t in g fo r a ll the p a tt e r n s
.

It h a s

the fo llo w in g m e r it s :
(i) b e e a u s e S S A t r e a tm e n t ha s the s a m e effe e t a s a lo w

一

p a s s filt e r 15

u s e d o f p r im it iv e s e r ie s s u e h th a t h ig h
一

fr e q u e n ey n o is e 15 r em o v e d a n d 5 0 a r e a p e r io d ie

w e a k s ig n a ls
,

le a d in g t o the fa e t th a t e a eh o f the R C s eq u e n e e s e o n t a in s o n e kin d o f w a v e

p a t t e r n a s s ig n a l 5 0 a s t o im p r o v e p r e d ie t a bility
,

a n d (11) S S A
一 r e e o n s t r u e t e d s e r ie s R C s a r e

n o t o n a n o r tho g o n a l b a s e fu n e tio n g iv e n in a d v a n e e b u t th e typ ie a l w a v e v e e t o r s a r e

e x t r a e t ed fr o m s e r ie s 一 e o n ta in e d w a v e e h a r a e t e r is t ie s a n d a s u p e r im p o s e d s e q u e n e e 15

e q u iv a le n t t o a n a d a p t iv e ly filt e r e d s e r ie s a n d m a r k e d b y tim e 一

d e p e n d e n t b e ha v io r s
.

(5 ) T h e R C s o f ad a p t iv e ly filte r e d s e r ie s r e t a in s t r o n g sig n a ls o f th e s a m e ela s s a n d

e x hib it d o m in a n tly t em p o r a lly
一v a r y in g b e ha v io r s o f r a in fall sig n a l in s u p e r im p o s ed

s e q u e n e e s a n d
,

in a d d it io n it 15 bu ilt o n lo w e r o r d e r s a n d m a r ke d b y h ig h e r p r e d ie ta b ility

a n d s t e ad y Pr e d ie t io n sk ill
.

(6 ) T h e S S A
一

A R s eh e m e
,

if fu r th e r im p r o v e d in e v e r y a s p e e t
,

15 e x p e e te d t o b e u s ed

a s a n o b je e t iv e e o u n ty
一

le v e l r a in fa ll p r e d ie tin g m o d el r u n a u t o m a t ie a lly w hieh 15 e x p e e t ed

t o be a p p lie d o n a n o p e r a tio n a l ba s is
.

R E FE R E N C E S

C h e n J
u y in g (1 9 9 1 )

,

A n a
ly

sis

of F lo o d s
/刀

r。“ g h ts of C h in a a n d S tu dy
o n T h e ir L o n g

一

Te
r m P re d ic tio n

C h in a A g r ie u lt u r a lP r e s s
,

Be iji
n g (in C h in e se )

.

D in g Y u g u o e t a l
.

(1 9 9 8 a )
,

E x p er im e n t s o n sh o r t 一r a n g e e lim a te p r e d ie tio n o fN in o 一 r e g io n S S T A
,

Q
u a rt

.

T r oP
.

人介te o r
. ,

1 4 (4 ) : 2 8 9一 2 9 6 (in C hin e se )
.

D in g Y u g u o e t a l
.

(1 9 9 8b )
,

G e n e r a liz a tio n a n d a p plie a tio n s o f s in g u la r s p e e tr a l a n a lys is
.

A c ta 入4七te o r
.

S in ic a
,

5 6 (6 ) : 7 3 6 一 7 4 5 (in C h in es e )
.

H e b e i M
e te o r o lo g ie a l B u r e a u (e d

.

) (1 9 9 0 )
,

月
口 n d bo o k of F o r ec a ste rs

,

C h in a
M

e te o r
.

P r e s s
,

Be ijin g p p
.

1 1 3一 1 1 6 (in C h in e s e )
.

H u a n g Ji
a y o u (1 9 8 8 a )

,

A n a lys is b y r o ta t ed p r in e ip a l e o m p o n e n ts a n d t he a p p lie a tio n to w e a th e r
/

e lim a te

r e se a r e h
,

材七t
e o r

.

材
。n thly

,

14 (9 ) : 4 7一 5 1 (in C h in e s e )
.

H u a n g Ji
a y o u (1 9 8 8b )

,

Be h a v io r s o f q u a si一 2 ye a r p e r io d s in m o n thly r a in fa ll o f C h in a
,

A c ta S e ie n tia

A t勿。sPh eri c a
,

1 2 (3 ) : 2 6 7一 2 7 3 (in C h in e s e )
.

H u a n g Ji
a yo u (1 9 9 1)

,

A n a lys is o f s p a e e
/ tim e fe a t u r e s o f s u m m e r te m p e r a tu r e a n d r a in fa ll fie ld s in C h in a

,

A e ta S c ie n tia A tm o
sP h e riea

,

1 5 (3 ) : 1 2 4一 1 3 2 (in C hin e s e )
.

L i C ho n g y in (1 9 9 2 )
,

A e a se s tu d y o f w e t一p e r io d r a in fa ll o v e r N o r th C h in a
,

A c ta M七t
e o r

.

S in ic a 5 0 (l) :

4 1一 4 9 (in C h in e s e )
.

Li D o n g lia n g e t a l
.

(1 9 9 7 )
,

S u m m e r r a in fa ll e h a r a e te r is tie s w it h its a n o m a ly fo r N W C h in a
,

A c t a S c ie n tia

A tm o
sP h e ri c a

,

2 1 (3 ) : 3 3 1 一 3 4 0 (in C hin es e )
.

Pr ie s tle y
,

M
.

B
.

(1 9 8 1 )
,

SP
e c tra l A n a

ly
s is a n d T im e S e ri e s A ea d e m ie P r e s s

,

L o n d o n
,

Pp
.

2 2 2一 2 2 6
.

S hi N e n g 〔1 9 9 5 ) 对
召lt iva ria

, t A , a

lys is 几4云th o d s U se d in A斤teo
ro lo g ic a l R e

sea rc h a n d P re di
c ti o n C hin a

M
e te o r

.

Pr e ss
,

Be iji
n g 1 7 0 p p

.

(in C h in e s e )
.
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.

1 7

S u n Li e t a l
.

(2 0 0 0 )
,

C lim a te a n a l邓15 o f s u m m e r r a in 肠11 a n o m a ly fo r n o r th ea s te r n C h in a
J

A cta A肠te o r
.

S in iea
,

58 (l) : 7 0 一 8 1 (in C h in e s e )
.

T a n g Zh o n g x in e t a l
.

(1 9 9 0 )
,

A n a

lys is

of Hi
sto ri c a l Re

c o

rd
s

Of F lo o d s
/刀

r口u g h ts a n d Co ld / W
a

rm E v e n ts

o v e r th e R iv e r
H

a ihe V a lley
s

,

C h in a
M

e te o r
.

Pr e ss
,

Be ijin g
,

p p
.

4 7一 5 0 (in C h in e s e )
.

V a u ta rd
,

5
.

5
.

A
.

(1 9 9 2 )
,

A to o lkit fo r n o is e e h a o tie sig n a l。
,

Phy
sic s D

,

58 : 9 5一 1 2 6
.

Z h a n g M in g li (1 9 9 3 )
,

H isto r y o f r a in fa ll in th e e a st p a r t o f C h in a o v e r th e p a st e e n tu r y
,

A e ta S e ie n t ia

A tm o
sP he

rtca
,

1 7 (4) : 45 1一 4 6 1 (in C h in e s e )
.


