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4 A C T A M E T E O R O LO G IC A SIN ICA 2 0 0 2

E X T R A
一

S E A SO N A L PR E D IC T IO N S O F SU M M E R R A IN F A L L

IN C H IN A A N D E N S O IN 2 0 0 1 B Y C L IM A T E M O D E L S
’

Ll Qi、 g g u a n (李清泉) a n d ZH A O Z o n g c i (赵宗慈 )

N a tio n a l C lim a te C e n t e r
,

B e iii
n g 1 0 0 0 8 1

R ee e iv e d N o v e rn b e r 8 2 0 0 1 : r e v is e d A P r il 1 5
,

2 0 0 2

A BS T R A C T

C h in a 15 a rn o n s o o n eo u n tr y
.

T h e m o s t r a in 王a lls in C h in a eo n e e n t r a te o n t he s u rn m e r se a s o n s
.

M
o r e fr e q u e n t flo o d s o r d r o u g hts o e e u r in s o m e p a r ts o f C h in a

.

T h e r e fo r e
,

th e p re d ie tio n o f

s u m m e r r a in fa ll in C h in a 15 a s ig n ifie a n t is s u e
.

A s w e k n o w
,

th e o b v io u s im p ae t s o f th e s e a s u r fa ee

te m P e r a t u r e a n o m a lie s (S S T A ) o n th e s u m m e r r a in fa ll o v e r C h in a ha v e b e e n n o tie e d
.

T h e

Pr e d ie tio n s o f th e S S T A h a v e b e e n in v o lv e d in th e r e s e a r e h
.

T h e k e y p r o
j
e e t o n s h o r t一 te rm e lim a te m o d e lin g p r e d iet io n s ys te m h a s b e e n fin ish e d in 2 0 0 0

.

T h e s yst e m in e lu d ed a n a t m o s p he r ie g e n e r a l eir e u la t io n m o d e l n a m e d A G CM 9 5
,

a e o u p le d

a tm o s p h e r ie 一o e e a n ie g e n e r a l eir e u la t io n m o d e ! n a m e d A O G CM 9 5
,

a r e g io n a l e lim a te m o d e l o v e r

Ch jn a n a m e d R e g CM 9 5
,

a hig h
一 r e s o lu tio n In dia n 一

Pa e ifie O G CM
n a m e d IPO G CM 9 5

,
a n d a

5 im p lif至e d a tm o s p he r e 一o e ea n dy n a rn ie m o d e l sy s te 了n n a m e d S A OM S 9 5
.

T h e y b e e a m e th e

o p e r a tio n a l p r e d ie tio n m o d e ls o f N a tio n a l C lim a te C e n re r (N C C )
.

E x tr a 一 s e a s o n a l P r e d ie tio n s in 2 0 0 1 h a v e be e n e o n d u e te d by s e v e r a l elim a te m o d e ls
,

w hie h w e r e

th e A G CM 9 5
,

A O G CM 9 5
,

R e g CM 9 5 IP O G CM 9 5
,

A IPO G CM 9 5
,

O SU / N C C
,

S AO M S 9 5
,

IA P

A PO G CM
a n d C AM S / 2 5

.

A ll o f th o se m o d e ls p r e die te d t he s u m m e r p r e eip it a tio n o v e r Ch in a a n d /
o r t h e a n n u a l S S T A o v e r the t r o p ie a l Pa e ifie O e e a n in th e

Mo d e lin g Pr e diet io n
W

o r ks h o p h e ld in

M
a r e h 2 0 0 1

.

T h e a s s e s s m e n t s h a v e s h o w n th a t th e m o st m o d e ls P r e diet ed the d is t ribu tio n s o f m ain r a in be lt

o v e r H u a n a n a n d p a r t s o f Jia n g n a n a n d d r o u g h ts o v e r H u a b e i
一

H et a o a n d H u a ih e R iv e r V a lle y

r e a s o n a b ly
,

T he m o s t m o d e ls P r e d ie te d s u e e e s s fu lly tha t a w e a k e r e o ld Ph a se o f th e S S T A o v e r th e

e e n t r a l a n d e a s t e r n t r o p ie a l Pa e ifie O ee a n w o u ld e o n tin u e in 2 0 0 1
.

T he e v a lu a tio n s o f e x tr a 一s e a s o n a lP re d ie tio n s h a v e a ls o in d ie a te d t ha t t he m o d e ls h a d a e e r t a in

e a p a bility o f p r e d ie tin g th e S S T A o v e r t he t r o p ie a l Pa e ifie O e e a n a n d th e s u m m e r r a in fa ll o v e r

C hin a
.

T h e a s、e s s m e n t a ls o s h o w e d th a t m u lti
一

m o d e l e n s e m b le (su p e r e n s e m b le s ) Pr e die t io n s

p r o v id e d th e be t t e r fo r e e a s ts fo r bo rh S S T A a n d s u m m e r r a in fa ll in 2 0 0 1
,

e o m p a r e d w ith th e sin g le

m o d e l
.

It 15 a Pr e lim in a r y a s s e s s m e n t fo r t h e e x t r a 一 s e a s o n a l P r e d ie tio n s by th e e lim a te m o d e ls
.

T he

fu r th e r in v e s tig a tio n s w ill b e ea r r ie d o u t
.

T he m o d e l sy s t e m sh o u ld b e d e v e lo p e d a n d im p r o v ed
.

K ey w o r d s : e x t r a 一s e a s o n a l p r e d ie tio n e lim a t e m o d el
,

a s s e s sm e n t p r e eipita tio n
,

s u p e r e n s e rn b le s

1
.

IN T R O D U C T IO N

T he p r e d ie t io n o f s u m m e r r a in fa ll in C hin a 15 a s ig n ifie a n t is s u e
.

B e e a u s e C hin a is a

T h is r e s e a r e h w a s S u p p o r te d by S u b p r o
j
e et 9 6

一
9 0 8

一
0 2

一
0 5 a n d 9 6

一
9 0 8

一
0 6

一
0 3

一
0 3 o f N a tio n a l K e y

P r o je e t一
“

S t u d ie s o n S h o r t 一 t e rm C lim a te P r e d ie tio n S y s te m in C h in a
” .
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m o n s o o n e o u n tr y
,

m o s t r a in fa lls e o n e e n tr a t e d o n s u m m e r t irn e
.

It 15 e a s y to e a u s e flo o d s o r

d r o u g ht s in s o m e p a r ts o f C hin a
.

T h e r efo r e
,

s e v e r a l elim a t e m o d els e a r r ie d o n the

P r ed le t io n s o f s u m m e r r a in fa ll in C h in a
.

T h e s e m o d e ls h a v e d o n e s o m e e x t r a 一 s e a s o n a l

p r e d ie t io n s a n d g o t s o m e g o o d r e s u lt s (Z ha o e t a l
.

2 0 0 0 : Y u a n 2 0 0 1 ; Z h u a n d M u 2 0 0 1)
.

T h e r e w e r e o bv io u s im Pa e t s o f s e a s u r fa e e t e m Pe r a t u r e a n o m a lie s ‘S S T A ) o v e r the

t r o p ie a l Pa eifie O e e a n o n s u rn m e r r a in fa ll in C hin a (L i 2 0 0 1 二 Z h a o e t a l
.

2 0 0 1 )
.

It 15

im Po r ta n t t o p r e d ie t the S S T A o v e r the t r o p ie a l Pa e ifie O e e a n
.

Se v e r a l d y n a m ie m o d e ls o r

m o d el s y s te m h a v e t r ie d to p r e d z e t th e N IN O in d e x e s a n d g o t r e a s o n a b le fo r e e a s ts (L i e t

a l
.

2 0 0 0 ; Z h a o e t a l
.

2 0 0 1 )
.

T h e k ey p r o je e t o n sh o r t
一
t e r m elim a t e m o d e lin g p r e d ie t io n s y s t e rn h a s b e e n fin zs he d In

2 0 0 0
.

T he s ys t e m in elu d e d a n a tm o s p h e r ie g e n e r a l e ir e u la t lo n m o d e l n a m e d A G C M 9 5

(D o n g e t a l
.

2 0 0 1 )
,

a e o u p le d a tm o s p he r ie
一 o e e a n ie g e n e r a l e ir e u la tio n m o d e l n a rn e d

A O G C M 9 5 (Z ha n g e t a l
.

2 0 0 1 : D o n g e t al
.

2 0 0 1 )
,

a r e g io n a l elim a t e m o d e l o v e r C h in a

n a m e d R e g CM 9 5 〔D zn g e t a l
.

2 0 0 1 )
,

a hig h
一 r e s o lu t io n In d ia n 一

P a e ifz e O G C M n a m e d

IPO G CM 9 5 (Z h a o 2 O0 1a
,

b ) a n d a s lm Pllfied a tm o s p h e r e 一 o e e a n d y n a m ie m o d e l s y s t em

n a m e d S AO M S 9 5 (Z h a o e t a l
.

2 0 0 1 )
.

T he y b e e a m e th e o p e ra t io n a l p r e d re tio n m o d e ls o f

N a tio n a l C lim a te Ce n te r (N C C ) (D in g e t a l
.

1 9 9 9 ; L u o 2 0 0 1 ; D in g e t a l
.

2 0 0 1 )
.

T h e M o d e lin g P
r e d ie t io n W o r k sh o p w a s he ld in th e e n d o f M a r e h 2 0 0 1

.

T ho s e elim a t e

m o d e ls p r e d ie te d th e s u m m e r p r e e ip ita t io n o v e r C hin a a n d / o r the a n n u a l s e a 一 s u r fa e e

t e rn p e r a t u r e a n o m a lie s (S S T A ) o v e r the t r o Pie a l Pa e ifie O e e a n (G a o 2 0 0 1 :
S o n g 2 0 0 1 ; Sh x

a n d L iu 2 0 0 1 ; L i a n d Z h a o 2 0 0 1 )
.

O t h e r
N C C elim a t e m o d e ls s u e h a s t he O SU / N C C

m o d e l (X u e t al
.

Z O0 l a
,

b ) w hie h w a s a n o ld o P e ra t io n a l m o d e l o f N CC a n d th e

A IPO G C M 9 5 m o d e l w h ieh w a s t he A G CM 9 5 e o u p le d w ith the IPO G C M 9 5 ( Z ha o Q ig e n g

ZOO la ) a ls o p r e d ie t e d th e p r e e iPita t io n o v e r C h in a in th is W o r k s ho p
.

In the 2 0 0 1

W
o r ks h o p

,

s e v e r a l e lim a t e m o d e ls fr o m In s t it u t e o f A t rn o s Ph e r ie P h ys ie s (IA P ) n a m e d

IA P A PO G CM (Z h o u 2 0 0 1 ; L in 2 0 0 1 ) a n d C h in e s e A e a d e m y o f M e te o r o lo g ie a l S e ie n e e s

n a m e d C A M S / 2 5 (Zh e n g a n d So n g 2 0 0 1 ) a ls o p r e s e n t e d th e ir p r e d ie t io n s
.

In this p a p e r
,

the s e e o n d s e e t io n in tr o d u e e s tho s e elim a t e m o d els b r lefly
.

t h e th ir d

s e e tio n in d ie a te s th e e v a lu a tio n s o f e x t r a 一 s e a s o n a l Pr e d le tio n s fo r t h e r e e e n t y e a r s
,

th e

fo u r th a n d fifth s e e tio n s p r e s e n t t he e x t r a 一 s e a s o n a l p r e d ie t io n s o f th e s u m m e r p r e e ip lt a t lo rz

o v e r C h ln a a n d t h e a n n u a l S ST A o v e r th e tr o p le a l Pa e ifie O e e a n fo r 2 0 0 1
.

T he s ix t h

s e e tio n In d ie a te s th e a s s e s sm e n t s o f th o s e 2 0 0 1 p r e d ie tio n s b y t h e e lim a t e m o d e ls
.

In t h e

la s t s e e t io n o f th is p a p e r
.

e o n elu s io n s a n d d is e u s s io n s a r e g iv e n
.

11
.

BR IE F IN T R O D U C T IO N T O C L IM A T E M O D E LS

T h e e h a ra e t e r is tie s o f e lim a t e rn o d e ls w hie h d id a n n u a l p r e d ie t io n o f SS T A o v e r t he

t ro p ie a l P a e ifie O e e a n in 2 0 0 1 w e r e in d ie a te d in T a ble 1
.

T h e A O G C M 9 5 15 a fu ll g lo b a 工

a tm o s p he r ie a n d a fu ll g lo b a l o e e a n le e lr e u la t io n e o u p le d m o d e l
,

in w hieh the A G C M 9 5 1 5

b a s e d o n t h e E C MW F m o d e l a n d rh e O G C M 9 5 15 b a s e d o n th e IA P m o d e l (So n g 2 0 0 1 )
.

T h e IA P A PO G C M 15 a g lo b a l a t m o s p he r ie m o d e l e o u p le d w it h a Pa e ifie O e e a n e ir e u la tio n

m o d e l (Z ho u 2 0 0 1)
.

T h e IPO G CM 9 5 b a s e d o n b o th the H A D LY a n d G FD L m o d els is a

hig h
一 r e s o lu t lo n In d ia n 一

Pa e ifie O e e a n e ir e u la tio n m o d e l d r iv e n b y a s ta t ls t le a tm o s p he r e

亿h a o 2 0 0 1 )
.

A m o d e l s y s t e m S A O M S 9 5 b a s e d o n the Z C 8 7 a n d O X FO R D m o d e ls is a
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s im Plifie d d y n a m ie m o d e l s y s te m w h ieh in elu d e d flv e m o d e ls (L 一 a n d Z h a o ZOOl a
,

b )
.

T ho s e rn o d e ls d id th r e e o r s ix e n s em b le p r e d ie tio n s
.

T he fo r e e a s t s s t a r t e d fr o m A p r il fo r

b o t h A O G C M 9 5 a n d IA P A P()G C M
,

Fe b r u a r y fo r b o th S A O M S 9 5 a n d IPO G C M 9 5
.

T a b le 1
.

C h a r a e te r is ties o f C lim a te
M

o d e ls w h ie h d id A n n u a l Pr e d ie tio n s o f S ST A in 2 0 0 1

A u t ho r s

L i乙 Z ha o (2 0 0 1 )

S o n g 〔2 0 0 1 )

Zha o (2 0 0 1 )

Zho u (2 0 0 1 )

M
o d e ls ’ n a m e

S A OM S 9 5

A O G C M 9 5

IPO G CM 9 5

IA P A PO G C M

A G CM

s im p lifie d d yn a m ie

L 1 6
,

T 6 3

5 t a tis tie a l a tm o s Ph e r e

L Z
,

4 只 5

O G CM

m o d e ls

L 3O
,

T 6 3

L 3 O I 火 1

P : L 1 4
.

1 又 2

E n s e m ble s

6 又 5

3

3

T a b le 2 s
h o w s t h e e h a r a e t e r is t ie s o f e lim a t e m o d e ls th a t d id t h e e x t r a 一 s e a s o n a l

p r e d 一e t io n s o f p r e e lp it a t io n o v e r C h in a
.

T h e A G C M 9 5 b a s ed o n the E C M W F m o d e l is a

9 lo b a l a t m o s p he r ie e lr e u la t io n m o d e l (G a o 2 0 0 1 )
.

R e g C M 9 5 b a s e d o n the R e g e M Z / N C A R

15 a r e g io n a l e lim a t e m o d el o v e r C h in a th a t n e s t e d in to t h e A G C M 9 5 (S }11 a n d l
_

iu 2 0 0 1 )
.

T h e C C M 3 / R e g C M Z 1 5 a r e g io n a l elim a t e m o d e l n e s t e d in to a n A G C M (N CA R C C M 3 )

(Z he n g a n d S o n g 2 0 0 1 )
.

T he s e m o d e ls u s e d th e e llrn a te S ST A a s th e ir s u r fa e e e o n d it lo n s

d u r in g th e fo r e e a s tln g
.

T he A IPO G C M 一5 a n A G C M 9 5 e o u p le d t o th e IPO G C M (Z h a o

2 0 0 1 )
,

T he O S U / N C C 15 a n A G C M e o u p le d to the g lo b a l rn lx e d
一

la y e r o e e a n w it h ie e

m o d e l (X u e t a l
.

Z OOla
.

b )
.

T ho s e m o d els a n d the IA P A PO (子C M
.

a s w e ll a s A O G C M 9 5

P r e d ie t e d th e S S T A
.

M o s t o f th e m o d e l
s in T a ble 2 d id t he e n s e m ble P r e d ic t lo n s b y t h r e e

5 ix o r 2 8 e x e e p t fo r R e g C M 9 5 a n d C C M 3 / R e g C M 2
.

A ll m o d e ls p r e d ie t e d the s u m m e r

p r e e ip it a tio n (Ju n e
,

Ju ly a n d A u g u s t ) o v e r C h in a s t a r t e d fr o rn Fe b r u a r y o r M a r eh
.

T he

a n o m a lie s o f p r e e ip it a t io n in C hin a w e r e p r e d ie t e d e x e e p t fo r t he R e g C M 9 5 a n d A IPO G C M

in w hie h t he r e w e r e n o t m o d e l e o n tr o l r u n s
.

T a ble 2
.

C h a r a e t e r is rles o f C lin za te
M

o d e ls tha t d id E x : r a 一
Se a s o n a l Pr e d ie : l o n

,

o f Pr e e jp it a tio n jn Ch l n a in

2 0 0 1

A u th o r s

G a o (2 0 0 1 )

L in (2 0 0 1 )

Sh i邑 L iu (2 0 0 1 )

So n g (2 0 0 1 )

X u e t a l
.

(2 0 O l a
,

b )

Z h ao (ZOOlb )

Z h e n g 邑 S o n g (2 0 0 1 )

M
o d e ls

’ n a m e

A G CM 9 5

IA P A PO G C M

R e g C M 9 5

A O G C M 9 5

O S U /N C C

A IPO G CM 9 5

C C M 3 / R e g C M Z

A G C M O G C M E n s e m b le s

L 1 6
.

T 6 3

I
J
2 4 火 5

L 1 6
,

6 0 k m

L 1 6
,

T 6 3

L Z
,

4 又 5

L 1 6
,

T 6 3

L g
,

R 1 5

N 0

P : L 1 4
,

4 丫 5

N o

L 3 O T 6 3

6 O m

L 3O
.

1 又 2

L 1 5
,

1 6 0 k m

2 8

3
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E V A L U A T IO N S O F M O D E L S
’

P R E D IC T IO N S FO R T H E R E C E N T Y E A R S

B e fo r e the p r e d ie t io n s fo r 2 0 0 1 a r e s ho w n
.

th e e v alu a tio n s fo r the e x tr a 一s e a s o n a l

p r e d le tio n s a r e g iv e n in t his s e e t io n
.

S e v e r a l e llm a te m o d e ls (IA P A PO G C M
,

O S U / N C C
,

A G CM 9 5 ) ha v e p e r fo
r
m e d th e p r e d ie tio n s o f s u m m e r r a in fa ll in C h in a fo r th e r e e e n t

y e a r s
.

D iv ls io n o f C lirn a t e Pr e d ie tio n o f N a tio n a l C lim a t e C e n t e r e a le u la t e d th e fo r e e a s t
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1 6

sk llls fo r e a e h y e a r (C FR 1 9 9 6 一 2 0 0 1 )
.

T a ble 3 th o s e th e fo r e e a s t s k ills fo r b o t h IA P

A PO G C M a n d O S U / N C C m o d e ls t o e o m p a r e w ith th e
W

o r ks h o p o f Pr e d ie t io n s (W P) a n d

th e a v e r a g e d p r e d ie tio n s b y a ll m e t ho d s (MM ) (m o r e th a n 2 0 m e t ho d s o r u n it s fo r e a eh

y e a r )
.

It 15 fo u n d in T a b le 3 rha t t he a v e r a g e d P r e d ie t io n sk ills o f b o th IA P A PO G C M a n d

O S U / N CC a r e lit t le bit hig he r t ha n th o s e o f W P a n d M M
.

It m e a n s tha t the elim a t e

m o d e ls h a v e e e r t a ln e a p a e it ie s in p r e d ie t in g th e s u m m e r r a in fa ll o v e r C hln a e o m p a r e d w ith

W P a n d MM
.

It a ls o in d一e a t e d tha t it 15 d iffie u lt t o d o th e e x t r a 一 s e a s o n a l p r e d ie t io n s fo r

g e t t in g a hig h sk ill
.

T a b le 3
.

Pr e d一e t io n S kills fo r S u m m e r R a in fa lls in C h in a by th e C lim a te M
o d e ls (fr o m C FR

,

1 9 9 6 一 2 0 0 1 )

N a m e 1 9 9 5 1 9 9 6 1 9 9 7 1 9 9 8 1 9 9 9 2 0 0 0 A v e r a g e

IA P A PO G C M 7 7 6 5 5 9 6 6 6 6 6 5 6 6

O S U / N C C 7 6 7 5 5 9 7 4 5 7 5 8 6 7

W P 8 4 6 3 5 8 6 9 4 4 7 6 6 6

MM
,

7 5 6 5 6 4 6 9 5 4 6 9 6 6

T he e v a lu a t io n s o f P r e d ie t io n s fo r N in o 3 rn d e x in t he r e e e n t y e a r s ha v e a ls o b e e n

e a le u la t e d b y u s in g th e a n o m a lo u s e o r r e la t io n e o e ffie ie n t s (A C C ) in T a b le 4
.

A s

e o m p a r is o n s
,

t he s im ila r m o d e ls o f A u s tr a lia
,

U K a n d U S A a r e lis t e d in t h e le ft p a r t o f

T a b le 4
,

S A O M S
’5 fiv e m o d e ls (N CC o

,

N CC n
,

N C C / S T I
,

N C C / N IM a n d C A MS / N JU )

a r e lis t e d in the r ig ht P a r t o f T a ble 4
.

It n o t ie ed fr o m T a ble 4 rha t tho s e m o d e ls o f th e

S A O M S s ys t e m p r e d ie te d N in o 3 in d e x r e a s o n a bly
.

T he A C C o f tho s e m o d e ls a r e h ig he r

t h a n t h e Pe r s is te n ey o f Pr e d ie t io n s e x e e Pt fo r N CC / N IM
.

It m e a n s t ha t th e S A O M S

s y s t e m 15 a ble t o Pr e d ie t the tr e n d s o f E I N in o / L a N in a e v e n t s
.

T a ble 4
.

A C C o f N in o 3 Pr e d一e tio n fr o m Ju n e 1 9 9 6 t o
M

a r e h 1 9 9 8 (le d b y 3 a n d 6 m o n th s ) (fr o m L i e t a l
.

2 0 0 0 : Z h a o e t a l
.

2 0 0 1 )

N a m e A CC N a m e s A C C

Q曰�目�二d自门热只��践乃j
.

⋯
O门0自
�L D E O I

L D E O Z

BM R C

O X F I

O X F Z

一 0
.

3 8

一 0
.

4 8

0
.

7 0

0
.

2 6

0
.

5 0

N C C o

N C C n

N C C / S T I

N C C / N IM

C A M S / N JU

Pe r s is t e n e y

0
.

9 9

0
.

7 0

I n r e e e n t y e a r s
,

t h e m u lt i
一

m o d e l e n s e m b le s ( s u p e r e n s e m ble s )
,

h a v e b e e n p a id m o r e

a t t e n t 一o n d u e t o a n u n s t a b le le v e l o f p r e d i e t io n s
b y a s i n g le m o d e l ( I PC C

,

W G I 2 0 0 1 )
.

T he e v a lu a t io n s ( ) f p r e d ie t io n s o f N i n o 3 in d e x by a s im Plifie d d y n a m i e m o d e l s y s t e m a ls o

i n d ie a t e d t ha t th e fiv e 一m o d e l e n s e m ble s lo o k e d t o b e b e t t e r th a n a s i n g le m o d e l (L i e t a l
.

2 0 0 1 )
.

T h e m u lt i
一

m o d e l e n s e m b le s e a n b e s e le e t e d by s e v e r a l m e t ho d s
.

s u e h a s a r i th tn e t i e

m e a n
,

w e ig ht rn e a n
.

a n a ly s e s o f e a t e g o r i e s
.

T he p r in e ip le s a n d p u r p o s e s o f th e m u lt一

m o d e l e n s e
m ble s a r e to r a is e t h e le v e l o f p r e d i e t io n s

.

In th is r e s e a r e h
,

b e e a u s e t he

e v a lu a ti o n s o f t he e x tr a
一 s e a s o n a l p r e d z e t lo n s fo r e a e h rn o d e l a r e n o t e o n d u e t e d ye t

,

w e u s e
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th e a r ith m e t ie m e a n a s the fir s t s t e P
.

IV
.

PR E D IC T IO N S O F A N N U A L S S T A O V E R T H E T R O P IC A L PA C IF IC O C E A N IN 2 0 0 1

T he elim a t e m o d e ls p r e d ie t e d t h e m o n thly S S T A o v e r the t r o Pie a l Pa e ifie O e e a n fr o m

F e b r u a r y (o r M a r eh ) to D e e e m b e r o f 2 0 0 1 (n o t sh o w n )
.

A s e x am p le s
,

the p r e d ie t io n s o f

N in o 3 In d e x a r e g iv e n in Fig s
.

1一 4
.

In lig h t o f a b o v e s t a te d p r e d ie t io n s
,

th e AO G CM 9 5
,

IPO G CM 9 5 a n d fo u r m o d els o f

S A O MS 9 5 p r e d ie te d a w e a ke r e o ld p ha s e t o b e e o n tin u e d till D e e e m b e r o f 2 0 0 1
,

b u t the

IA P A PO G C M a n d o n e m o d e l (N C C / S T I) o f S AO M S 9 5 p r e d ie t e d th a t a n e w E I N in o

e v e n t m ig h t o e e u r in M a y o r O e t o be r o f 2 0 0 1
,

r e s p e e tiv ely
.

N in o 3 s e a s u l
fa

e e te m P e r
,

a tu r e a n o rn a ly 〔, f 20 0 1(A p r
.

一

D e c
.

)

‘J
4

:
O0

飞,‘

,

O0

0
.

1

0

一0
.

1

M a v
()c t N o v

D e e
.

Jlln柳州习l
习|--T |二

一0
.

2

一0 3

一0
.

4

一0 5

F ig
.

1
.

Pr ed ie tio n o f N in o 3 in d e x fo r 2 0 0 1 b y A O G C M 9 5 (a fte r So n g 2 0 0 1 )
.

1
.

0

0
.

5

O
咤Jn曰

t.

0
八U
I

�一

一 1
.

5 一 —

D e e
.

20 0 0 D e e
.

2 0 0 I

F盛9
.

2
.

Pr e d ie t io n o f N in o 3

a n d Fe b r u a r y 2 0 0 1

i n d e x fo r 2 0 0 1 by

( g r e y e u r v e ) (a ft e r

IP O G CM 9 5 s t a r t in g fr o m Ja n u a ry 2 0 0 1 (b la e k e u r v e

Z ha o 2 0 O l a )
.
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3 P r e d i e t io n o f N ln o 3 in d e x fo r 2 0 0 1 by S A O M S 9 5 (a ft e r L i a n d Z h a o 2 0 0 1 )
.

I人P/ (几AS G (
一

C M : Pr尸d ] r t尸d 55
,

r A z n N ln o 3

_
E 1 1 , 户m h飞尸 fn r e r a , l

—
( )卜s砍 rv a t i o 卫1

_ _ _ _ _ _ - - -

一 I n i一la ] i z a llo rz

乃知

书二共二
不乙

一
于事

知l5

l005

孺 Jza02 i A P
了

o c t

监g乏 A p r

Jtll

Fi g
.

4
.

Pr e d le t lo n o f N ln o 3 i n d e x fo r 2 0 0 1 b y IAP AP O G CM (a f t e r Z ho u 2 0 0 1 )
.

V
.

PR E D IC T IO N S OF S UM M E R PR E C IP IT A T ION O V E R C H IN A IN 2 0 0 1

T h e s u m rn e r r a i n fa lls o v e r C h i n a in 2 0 0 1 h a v e b e e n p r e d i e t e d in M a r e h o r F e b r u a r y by

u s i n g s ix G CM s a n d o n e r e g io n a l e lim a t e m o d e l
.

T he e lim a t e m o d e ls p r e d i e t e d t he g lo b a l

s e a 一

le v e l p r e s s u r e
,

p o t e n t ial h e ig h t a t 5 0 0 hP a
.

r a in fa ll a n d t e m p e r a t u r e
.

B e e a u s e s u m m e r

flo o d s a n d d r o u g h ts i n C hll飞a a r e t h e s i g n ifi e a n t is s u e s
,

w e e o n e e n t r a t e o n th e p r e d i e t io n s

o f s u m m e r r a i n fa ll o v e r C hln a
.

F lg u r e s s 一 1 2 s h o w t h e p r e d l e t io n s o f r a in fa ll b y the

A O G CM 9 5
,

A G CM 9 5 C A M S / 2 5
,

I A P
,

O S U / N C C
,

R e g CM 9 5
.

a n d A I PO G CM 95

r e s p e e t iv e ly
.

T h e A O G CM 9 5 p r e d le t e d t ha t it w o u ld b e w e t t e r t h a n n o r m a l o v e r S o u t h o f the



N o
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4 L l Qi, 君宁u a o a n d Z H A O Z o o g e i 5 2 5

F ig
.

5
.

P r e d ie tio n o f a n o m a lo u s r a in fa ll o v e r C h in a fo r s u m m e r 2 0 0 1 by A O G CM 9 5 (S o n g 2 0 0 1 )
.

Fig
.

6
.

P r e d ie tio n o f p e r e e n t a g e o f a n o m a lo u s ra in fa ll o v e r C h in a fo r su m m e r 2 0 0 1 by A G C M 9 5 (G a o

2 0 0 1 )
.

Y a n g t z e R iv e r (Jia n g n a n )
一

S o u thw e s t C hin a a n d N o r th e a s t Ch in a
,

a n d d r ie r t h a n n o r m a l

o v e r th e m id dle a n d lo w e r r e a eh e s o f the Y a n g t z e R iv e r
,

N o r th C hin a (H u a be i)
一

N o r th w e s t
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Fig
.

7
.

Pr e d ie tio n o f p e r ee n ta g e o f a n o m a lo u s r a in fa ll o v e r C hin a fo r su m m e r 2 0 0 1 b y CCM 3 / R
e g CM Z

(Zh e n g a n d S o n g 2 0 ola b )
.

Fig
.

8
.

Pr e die t io n o f p e r e e n t a g e o f a n o m a lo u s r a in fa ll o v e r C h in a fo r s u m m e r 2 0 0 1 b y IAP A PO G CM

(L in 2 0 0 1
.

)

C h in a
.

T he A G C M 9 5 p r e d ie t e d the w e t r e g io n s o v e r N o r the a s t C hin a N o r th Ch in a

(H u a b e i)
,

: h e b e n d o f Y ello w R iv e r (H e t a o )
,

S o u th w e s t C h in a
,

a n d X in jia n g
,

w hile d r y

r e g io n s o v e r Jia n g
一

H u a i
一

Jia n g n a n (Y a n g tz e 一

H u a ih e R iv e r s a n d So u th o f th e Y a n g t z e
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9
.

P r e d ie tio n o f p e r e e n t a g e o f a n o m a lo u s r a in fa ll o v e r C h in a fo r s u m m e r 2 0 0 1 by O SU / N CC (X
u

e t a l
.

2 0 0 la
,

b )
.

Fig
.

1 0
.

Pr e d ie tio n o f r a in fa ll o v e r C h in a fo r s u m m e r 2 0 0 1 by R e g CM 9 5 (S hi a n d L iu 2 0 0 1 )
.
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F 19
,

1 1
.

Pr e die tio n o f r a in fa ll o v e r C hin a fo r s u m m e r 2 0 0 1 b y A IPO G CM 9 5 (Z h a o 2 0 0 1 )
,

R iv e r ) a n d In n e r 一M o n g o lia
.

T he IA P A PO G CM p r e d ie t e d t he w e t a lo n g the lo w e r r e a eh e s

o f the Y a n g t z e R iv e r a n d the b e n d o f Y ello w R iv e r 一X in iia n g (H e t a o 一

X in jia n g )
.

O the r

p a r t s o fC h in a w ill be in d r y s it u a t io n s
.

T h e CA M S / 2 5 p r e d ie te d tw o r a in be lt s o n e a lo n g

the Y a n g t z e R iv e r a n d S o u t h o f Y a n g t z e R iv e r (Jia n g n a n )
,

t h e o th e r o v e r N o r th C h in a 一
th e

b e n d o f Y ello w R iv e r (H u a b e i
一

H e ta o )
.

T h e O S U / N C C p r e d ie t e d the w e t o v e r th e w e s t o f

Jia n g n a n a n d the S o u thw e s t C h in a
.

T h e d r y a r e a s a r e o v e r o th e r p a r t s o f Ch in a
.

S in e e

b o th A IPO G CM 9 5 a n d R e g C M d o n o t h a v e t h e m o d e l e o n t r o l r u n s
,

it 15 d iffie u lt to g iv e

the d is t r ib u t io n s o f a n o m a lo u s ly w e t a n d d r y in th e ir p r e d ie t io n s
.

T o b e s u m m a r iz e d a b o v e
,

m o s t m o d e ls p r e d ie t e d th a t th e d r y sit u a t io n m ig h t o e e u r

a lo n g th e m id d le a n d lo w e r v a lley s o f Y a n g t z e 一

H u a ih e 一

Y e llo w R iv e r s
,

a n d H u a b e i
一

H e t a o
.

T h e w e t s itu a t io n s m ig h t a p p e a r in H u a n a n a n d So u th w e s t C hin a
.

V l
.

A S S E S SM E N T S O F 2 0 0 1 PR E D IC T IO N S

A s s ho w n in Fig
.

1 2
,

e o m p a r in g w it h th e o b s e r v a tio n fr o m M a r e h t o A u g u s t
,

t he

P r e d ie t e d N in o 3 S S T A o f IA PA PO G CM m o d e l 15 o u t o f p h a s e w ith the o b s e r v e d N in o 3

S S T A
.

T he fo r e e a s t o f IP O G C M 9 5 r e fle e te d the flu e t u a tio n o f t h e o b s e r v a t io n a l N in o 3

S S T A
,

b u t the a m p lit u d e o f p r e d ie tio n 15 la r g e r th a n th a t o f o b s e r v a t io n
.

T h e p r e d ie tio n o f

S A O M S 9 5 e a p t u r e d th e e o ld p ha s e o f N in o 3 S S T A
,

b u t it 15 a b o u t 0
.

s
o

C e o ld e r t ha n

o b s e r v a t io n
.

A s fa r a s A P r il一 A u g u s t
,

2 0 0 1
.

t h e p r e d ie t io n o f A O G CM 9 5 15 a lm o s t th e

s a m e a s th e o b s e r v a t io n
.

M o r e o v e r
,

t h e e o m p o s ite P r e d ie t io n 15 e o in e id e n t w it h th e

o b s e r v a t io n v e r y w e ll
.

T h e Pr e d ie t io n s o f s u m m e r r a ln fa lls w e r e e o m P o s ed b a s e d o n th e n u m b e r th a t it 15
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- 一 N in o 3 一Ob s

F1 9
.

1 2
.

A ss e s s rn e n t s o f th e a n n u a l p r e dietio n s fo r the N in o 3 in d iee s (A O G C M 9 5
,

IPO G CM 9 5

S A O M S 9 5
,

IA P A PO G C M
,

e o m p o sitio n o f t he a b o v e fo u r m o d e ls
,

p r e d ie t e d w e t o r d r y in a e e r t a in a r e a by the fiv e m o d e ls (s e e F ig
.

z 3 a )

a n d o bs e r v a tio n s )
.

.

C o m Pa r e d w ith th e

p e r e e n t a g e o f o bs e r v a t io n a l p r e e ip it a t io n a n o m alie s o v e r C h 一n a fo r s u m m e r (Ju n e 一

A u g u s t ) 2 0 0 1 (Fig
.

1 3b )
,

it e a n b e s e e n t ha t m o r e th a n n o r m a l r a 一n fa ll o v e r So u th C h in a

a n d th e e a s t p a r t o f E a s t C h in a w a s e a p t u r e d b y m o s t m o d e ls a n d tw o m o d e ls p r e d ie te d

t ha t it w o u ld b e d r y o v e r th e a r e a s b e tw e e n Y a n g t z e a n d Y e llo w R lv e r s
,

a s w e ll a s

H u a b e i
,

In n e r 一

M o n g o lia a n d H e t a o a r e a s a n d th e
W

e s t C h in a
,

w h ieh 15 e o n s is te n t w ith

o b s e r v a t io n s
,

V ll
.

C O N C LU S ION S A N D D IS C U S S IO N S

A ft e r t he a s s e s s m e n t s o f 2 0 0 1 P re d ie t io n s
,

it 15 n o t ie e d tha t s o m e m o d e ls p r e d ie t e d th e

N in o 3 in d e x a n d s u m m e r r a in fa ll w e ll b u t s o m e m o d e ls
’

p r e d 让t io n s w e r e P o o r
.

It 15

n o tie e d t ha t b o th th e IA P a n d N CC /O S U m o d els d id the p r e d ie t lo n s fo r a lo n g e r t im e
.

T h e

e v a lu a tio n s s ho w e d th a t in the r e e e n t t hr e e y e a r s
,

e o m p a r e d w i th N C C / O S U m o d el
,

IA P

m o d e l p r e d ie te d the d is tr ib u tio n o f r a ln fa ll w e ll
.

T h e r e a s o n s m ig ht b e d u e to the

d e v e lo p m e n t o f Ph y s ie a l Pr o e e s s e s in IA P m o d el o v e r E a s t A s ia a n d 1 4 v e r t ie a l la ye r s o f

t he O G C M o v e r rh e Pa e ifie O e e a n
.

O n t he o t he r h a n d
,

the IA P m o d e l d id 2 8 e n s e m b le s

a n d e o r r e e t e d th e Pr e d ie tio n s
.

T h e e v a lu a t io n s o f t h e e x t r a 一 s e a s o n al p r e d ie t io n s b y th e e lim a te m o d e ls fo r 2 0 0 1

in d ie a t e d th a t t he s u p e r e n s e m ble s o f elim a t e m o d e ls p r e d ie t e d th e S ST A o v e r th e t r o Pie a l

Pa e ifie O e e a n a n d N in o 3 in d e x w e ll
.

T h e s u p e r e n s e m b le s o f m o s t elim a te m o d e ls p r e d ie te d

the d r y a n d w e t s it u a tlo n s o v e r C h in a m o r e r e a s o n a bly
.

T h e w o r k sh o p s o n e x tr a 一s e a s o n a l p r e d ie t io n s o f elim a t e m o d e ls h a v e b e e n h e ld fo r

s e v e r a l y e a r s
.

T he e v a lu a t io n s o f p r e d ie t io n s sh o w e d t h a t the a s s im ila tio n s o f in it ia l fie ld s

a r e im P o r t a n t fo r th e elim a t e m o d els
,

e s P e e lally fo r th e o e e a n ie d a t a
.

T he Ph ys ie a l

P r o e e s s e s o f elim a t e m o d el、 n e e d to b e im p r o v e d
,

e s p e e ia lly o v e r E a s t A s ia a n d Ch in a
.

T he

m e t ho d s o f b o th the s in g le m o d e l e n s e m b le s a n d the m u lti
一

m o d e l e n s e m b le s
,

a s w e ll a s the

e o r r e e t e d m e th o d s fo r t he bia s e s o f p r e d le tio n s ho u ld b e s tu d ie d
.

F o r t h is p u r P o s e it 一s
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