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In v e stig a tio n s o n rh e sh o r t 一t e rm e lim a t e p r e d ie tio n s b y g e n e r a l e ir e u la t io n m o d e ls (G C M s ) in

C h in 日 h 习v e b e e n s u m m 月 r iz e d a n d r e v ie w e d in this P aP e r T he r e s e a r eh s ho w s t h a t G C M s h a v e the

e a p ab ility t o p r e d le t t h e s e a s o n a l a n d a n n u a l e ha r a e t e r is t ie s o f a tm o s p h e r ie eir e u la t io n in rhe

N o r the r n H em isp he r e a n d the p a t t e r : 15 o f 士e m p e r a lu r e a n d p r o e ip it a lio n o v e r C h in a
.

It 15 in s p ir in g

t o n o tiee th a t t he G C M s h av e t he a bility t o P r e d iet th e s u m m er r a in fa ll o v e r Ch in a b e fo r e tw o

s e a s o n s
.

S e v e r a l is s u e s fo r the s ho r t 一 te r m e lim a te p r e d ie t io n by the G C M s ha v e b e e n d is e u s s e d I n

th 一5 p a P e r
.

K ey w o rd s sh o r r一t e rm e lim a t e p r ed ie tio n g e n e r a l e l r e u la tio n m o d e ls (G C M s )
,

s u m m er r a in fa ll

o v e r C h ln a

1
.

1入 I
’

R O D U C
’

11 O N

S ln e e 1 9 9 0 W o r ld Cllm
a te R e s e a r e h P r o g r a

m (W C R P ) h a s lm p le m
e n te d a 1 0

一
y e a r

p r o je e t o n s e a s o n a l a n d a n n u a l C lim a t e V a r ia b ilit y
a n d P r e d i

e t a
bilit y (C L IV A R )

.

F u rt h e r m o r e
.

t he e x p e r im e n ta l s e a s o n a l
a n d a n n u a l p r e d ie tio n s , u e h a s R N SO e v e n ts h a v e

b
e e n e o n d u e to d fo r s e v e r a l y e a rs in s o m e e o u n tr ie s

.

C hin a M e te o r o lo g ie a l A d m in is t r a rio n (C MA ) s ra r t e d to e o r r y o n rhe s h o r t
一
t e r rn

e lim
a te p r e d le t io n s (s u e h a s s e a s o n a l e x t ra 一 s e a s o n a l a n d a n n u a l p r e

d ie t io n s ) s in e e 19 60 5
.

T h e n la jo r m
e a l l、 o f p r e d ie tio n s w e r e rh e e lim

a te 一 s ta t is t ie rn e t h o d s d u r in g t he la s t 3 0

y e a r s
.

Ch ln e s e s e 一e n t一s t 、 h a v e In t r o d u e e d a n d d e v e lo p e d th e G C M
s s ln e e t h e e n d o f 19 8 0 5

.

T h e G CM
s ’

g ro u p s e o n d u e te d s o m e e x t r a 一 s e a s o n a l p r e d ie tio n s a n d p r e s e n te d t h
e p r e d ie t io n

r e s u lt
s a t th e e o n s u lt a t io n w o r k s h o Ps he ld b y C M A

.

C h ln e s e s e ie n t is ts ha v e a ls o t a k e n

p a r t in th e a e t iv it ie s o f CL IV A R r e la te d r e s e a re h e s in r e e e n t y e a r s
.

In t h is p a p e r
,

w e

s u
m m a r iz e a n d r e v ie w rh e s h o r t一 te r

m e lim
a te p r e d ie t io n s by u s in g t h e G CM

s in C h in a (o n

tim e s e a le o f s e a s o n a l e x tr a s e a s o n a l a n d a n n u a l)
.

A b
r ie f d e s e r ip t io n o f th e G CM s w ill b e in t r o d u e e d in s e e tz o n t w g

.

In s e e t io n t h
r e e

,

e v a lu a tio n o f th e e x tr a s e a s o n a l p r e d ie tio n s b y t h e G C M
s w ill b e p r e s e n te d

.

S e v e r a l is s u e s

e o r r e s p o n d
ln g to th e sh o r t t e r m e lim a te p r e d ie tio n s

by t h e G CM
s w ill b e d i

s e u s s e d in

s e e rio n fo u r
.

M o r e o v e r t h e e o n e lu
s io n s a n d d is e u s s io n s w ill b e g iv e n in t he la s t s e e rio n

.

T h ,5 p a p e r w a s Jo in rly s u p p o r t e d by th e N a tio n a l K e y P r o
j
e e t 9 6

一
9 0 8

一
0 2 o n d K Z 9 8 1

一
B l

一
1 0 8 o f

C h in e s e A e a d e m y o f S eie n e e s
.



N o
.

l IN V E S丁IG A T IO N S ()N CL IM A T E PR E D IC T IO N B Y G C M S I囚 C H IN A
10 9

11
.

B R IE F D E S C R IPT IO N O F T H E G C M S

S in e e t h e s e e o n d h
a lf o f 1 9 8 0 5

,

In s t it u t e o f A t m o s p he r le P hy s ie s (IA P) h a s d e v e lo p e d

th
e fir s t g e n e r a l e ire u la t io n m o d e l (d e n o t e d a s IA p A G CM ) in Ch in a (z e n g 1 98 3 : Z e n g e t

a 1
.

1 9 8 7 : Z e n g a n d Z ha n g 1 9 8 7 )
.

A f: e r t ha t G C M
s

h
a v e

b e e n a p p lie d in e lim
a t e

p re d ie tio n a n d e lim a t e eh a n g e 、t l〕d ie s in C hin a
.

N a t 一o n a l Cllrn a te C e n te r (N C C ) a n d N a r lo n a lM e te o r o lo g ie a lC e n te r (N M C ) o f C hin a

r e sPe e tiv e ly h o ld t he a n n u al a n d s e a s o n a l p r e d le t lo n s in O e to b e r a n d M a r eh e a eh ye a r s in o e

1 96 0 5
.

T he IA P A G C M w a s a p p lie d in t he p r e d le tlo n s s ln e e t he e n d o f 1 9 8 0 5 (Z e n g e t a l
.

19 9 0 ; 1 9 9 4 )
.

A ft e r t h a t
,

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

w a s a ls o a p p lie d in th e p r e d ie t lo n s (Y u a n e t a l
.

1 99 6 )
.

A fte r t he a s s e s s m e n t by N CC t he

im p r o v e d O r e g o n S t a t e U n iv e r s lt y
’s (O SU ) a t m o s p h e r ie g e r ie r a l e ir e u la t io n rn o d e l e o u p le d

t o th e m ix o d
一

la y e r o e e a n m o d e l (O SU / N CC ) ha s
b

e e n u s e d to d o q o a 、i
一 o p e r a t io n a l

s e a s o n a
l

a n d a n n u a l p r e d ie t io n s in N CC (S e hle s in g e r a n d z ha o 1 95 9 ; Z ha o e t a l
.

1 9 9 5 ;

Z }
la o e t a l

.

1 9 9 6 : G a o a n d Z h
a o 19 9 6 : 1 9 9 7a : 1 9 9 7 b : 1 99 8 )

.

T h
e p r e d ze tio n r e s u lt

s
f
r o m

o t he r t h
r e e A G CM

, (CCM 3 / N CC
,

T 63 / N CC
a n d CCM 3 1

一

L N W P
,

) w e r e a ls o p r e s e n te d

a t th e e o n s u lta t io n w o r
k s h o p s o n s e a s o n a l a n d a n n u a l p r e d ie rio n s s in e e 1 9 9 7 o r 1 9 9 8

r e s p e e tiv e ly (Y u a n d D o n g 1 9 9 7 : 1 9 9 8 : Y e a n d D a n g 1 9 9 8 : Z h e n g a n d S o n g 1 9 98 )
.

T he

b r ie f d e s e rip tio n s o f t he s e G C M s a n d rh e ir p re d ie t io n s k ill w ill b e x n t r o d u e e d a s r h e

fo llo w in g
·

S e v e r a l g e n e r a l e ir e u la t io n m o d e ls w e r e u s e d to p r e d le r t he e lr e u la tlo n s a n d

Pr e e 1Pita t io n in t he r a in y s e a s o n o v e r C hin a
,

T he p r e d ie t io n r e s u lt s fr o m th e s e G C M s w e r e

p r e s e n te d a t t h
e e o n s u lt a rio n w o r k s h o p in 19 9 8

.

T he s e m o d els a r e th e IA P a tm o s p he r ie

g e n e r a l e ir e u
la tio n m o d e l 了A G C M ) e o u p le d w it h t l飞e P a e ifie O e e a n g e n e r a l e lr e u la tz o n

m o d e l (d e n o t e d a s IA P / A PO G C M ) 了L i a , i
d Y u a n e t a l

.

1 9 9 8 )
,

t he O S U / N C C A G CM
e o u p le d w ith a m ix e d

一

la ye r o e e a n m o d e l w it h ie e (d e n o te d a s O SU / N CC A MO G C M ) (G a o

a n d Z h a o 1 9 9 8 ) t he N CA R CC M 3 m o d e l
u s e d by N CC (d e n o t e d a s C CM 3 / N C C ) (Y u a n d

D o n g 1 9 9 8 ) th e E C MW F T 63 m o d e l u s e d by N C C (d e n o t e d a 、 T 6 3 / N C C ) (Y e a n d D a n g

1 9 98 ) th e N CA R CC M 3 1 试 o d e l u s e d by Ch in e s e A e a d e m y o f M e t e o r o lo g ie a l S e ie n e e s

(C A M S ) (d e n o t e d a s C CM 3 1
一

L N W P ) (Z h e n g a n d S o n g 1 9 9 8 )
.

T a
ble 1 s

ho w s th e
b

r ie f

d e s e r lPt io n o f t he s e G CM s
.

It 2 5 n o t le e d in T a ble 1 t ha t th e v e r tie a l r e s o l
u t io n s o f tl: e A G C M

s
fo

r th e IA P

A / PO G C M
.

O S U / N C C CCM 3 / N CC
,

T 6 3 / N C C a n d C CM 3 1
一

LN W P a r e 2
.

2
.

1 8
,

1 6

a n d 7 r e s Pe e tiv ely
,

T h e h o r iz o n t al r e s o lu t io n fo r th e s e A G CM s a re 4
“

X S
“ .

T 6 3 o r R 1 5

re s p e e t iv e ly
.

A s fo r t he o e e a n ie rn o d e l
s

,

th e y a r e v e r y d iffe re n t
.

T he IA P A G CM w a s

e o u p le d t o t he o e e a n ie g e n e r al e ir e u la t io n m o d e l w it h t he v e rt le a l r e s o lu t io n s o f 14 o r 4

la y e rs o v e r t he P a e ifie O e e a n
.

T h e O S U / N C C A G C M w a s e o u Ple d t o a m ix e d
一

la y e r o e e a n

a n d ie e
rn o d e l w it h a d e p t h o f 6 0 rn

.

T h e r e a r e n o o e e a n ie m o d els e o u p le d w it h th e C CM 3 1
-

L N W P
,

C CM 3 / N C C a n d T 6 3 / N C C m o d e ls
.

T h e r e fo r e
,

t lle 、e a s u :
f
a e e t e rn p e r a tu r e

(SS T ) fo r e a e h p r e d ie tin g m o n th o f th e CC M 3 1
一

I
J

N W P C C M 3 / N C C a n d T 6 3 / N CC w a s

d e t e r
m in e d by t he s u rn o f S ST

e
lim a t o lo g y a n d t h

e a n o m a li
e s o f the S ST in F e

b
r u a r y 1 9 9 8

a s th e ir m o d e l
s ’ e x t e r n a l fo r e in g

.

N u m b e r o f th e e n s e
m b le m e m b e r s fo r t he IA P

A / PO G C M 1 IA P A / PO G C M Z a n d O S U / N C C a r e 2 8
,

9 a n d 5 w ith S t a r t e d d a re o f
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Fe b r u a r y 1 1 9 9 8 r e s p e e t iv e ly
.
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L N W P
,

CC M 3 / N CC a n d T 6 3 / N C C d u e to t im
e

lim it
.

T o o b t a in t he m o d e ls
’

elim a to lo g y fiv e G C M s (IA PI
,

IA PZ O S U / N C C
,

C CM 3 / N C C a n d T 6 3 / N CC ) w e re
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e d t o r u n 3 0

,

2 0 10 0 2 0 a n d 2 0 ye a r s r e s p e e t iv e ly
.
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.
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W
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O SU / N CC

C CM 3 / N C C
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.
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,
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.

1 9 9 8 3 0 y rs

Y u a n e t a
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,

L Z / 4 X 5
,

Fe b
.

1 9 9 8 2 0 y rs
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a o 4 义 5
.
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一x e
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.

1 9 9 8 1 0 0 yr s
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.
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,

L 15 CE CM W F )

1 5 Ma r
.

19 9 8 2 0 y rs
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a r

.

19 9 8 2 0 y r s
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1 9 9 5 T O 1 9 9 8

T h e e x t r a s e a s o n a l Pr e d ie t io n o f s u
m rn e r Pr e e iP it a tio n 15 o n e o f t h e

m o s t im Po r ta n t

is s u e s fo r Ch in a
.

In th is s e e tio n
,

w e e o n e e n t r a te o n t he e v a lu a tio n o f r a in fa ll P r e d ie t io n

s
k ill

.

S in e e 1 9 9 5
,

N a tio n a l C lim
a te C e n te r (N C C ) h a s h e ld t h e E x t r a s e a s o n a

l P r e d ie t io n

W o r k、h o p o n e e a y e a r
.

A s s e s s m e n t s a n d e v a lu a tio n s o f t h e e x t r a s e a s o n a l p r e d ie t io n o f

s u m m
e r r a in f

a
ll f

r o m e a e h p a r tie ip a n t in s tit u t e a n d p r e d ie t io n m
e t h o d w hie h to o k p a rt in

th e W o r k s h o p s ha v e b e e n p r e s e n te d in t he R e v ie w o n Clim
a te P r e d ie tio n (R CP ) p u bli

s
he d

by N CC e v e r y y e a r
.

r a ble 2 s h o w s t h e a e e u r a e y r a te (PP ) n n d t he a n o rn a ly e o r r e la t lo n

e o e ffie ie n t (CC ) b e t w e e n th e o b s e r v a t io n s a n d th e e x t r a s e a s o n a l p r e
d ie tio n s by th e IA P

e o m bin e d m e th o d s w h ie h in e lu d e d b o t h IA P A / PO G CM a n d s t a t is tie a l m e th o d s
,

O S U /

N CC A M O G CM
,

a n d C CM 3 / N C C
.

F o r in te r e o m p a r is o n o f t h e s e m
e t h o d s

,

t he s k ill

(W P) o f t he e o m p o s it e p re d ie t io n by t h e W o rk s h o p a n d t h e a v e ra g e d s k ill (M ) o v e r a ll

rn e t h o d s a ls o p r e s e n t e d in t he la s t tw o lin e s o f T a ble 2
.

It 15 In d ie a te d in T a b le 2 th a t t h e PP a n d CC o f tw o G C M p r e d ie t io n s a r e h ig h e r t ha n

th e a v e r a g e d 、
k ill (M ) o v e r a

ll m e th o d s in 1 9 95 a n d 1 9 9 6
.

It 25 a
l
s o n o t ie e d t ha t the

p r e d ze t zo n s o f G C M
s w e r e g o o d z n so m e y e a r s a n d b

a d in o th e r y e a r o
.

F o r e x a m p le
、

.

the

PP a n d CC o f t he O S U / N CC in 1 9 9 6 w e r e in t he fi
r s t p o s it io n a m o n g 2 2 tn

e t h o d
s

,

b u t the

PP o f t he O SU / N CC in 1 9 9 7 w a s th e la s t s ix th o f 20 m e th o d s
.

Fig u re 1 p r e s e n ts t h e d is tr ib u tio n s o f t h e a n o m
a lo u s p e r e e n t a g e o f Pr e d ie te d r a in fa ll

fo
r t h e G CM

s a n d o b s e r v a tio n s in s u m m e r (JJA ) 1 9 9 5
,

1 9 9 6 a n d 1 9 9 7
.

It 15 n o t ie e d in

F19
.

1 t ha t s o m e p r e d ie t io n s by t he m o d els a r e e o r r e e t
,

s u eh a s t h e p r e d ie t io n by t h e O S U /

N CC In s u
m m

e r 1 9 9 6
.

T h e O SU / N CC fo r e e a s t e d m o r e ra in fa ll o v e r E a s t C hin a in S u m m
e r

‘

1 9 9 6 、 u e e e S S fu lly
.

T h e CC M 3 / N C C fo
r e e a s t e d t w o ra in b e lts o v e r C hin a in s u rn m e r 1 9 9 7

w e ll
.

A lt h o u g h th e p p o n d C C o f t h e O S U / N C C , n s u m m e r 1 9 9 7 w e r e n o t g o o d
.

it
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p r e d ie te d a v e r y d r y s itu a t io n lo e a te d in t h e
m o s t p a r t o f t h e n o r t h

一

o f Y a n g tz e R iv e r

e s p e e ia lly in N o r t h C hin a s u e e e s s fu lly
.

Fig u r e 2 p re s e n t s r he fo r e e a s t s by fiv e G C M s fo r t he s u
m m e r o f 1 9 98

.

Fiv e G C M s

工) r e d ie te d h e a v y r a in fa ll m ig ht o e e u r in S o u t h Ch in a
.

T h e p r e d ie tio n s
by fiv e m o d e ls a r e

d iffe r e n t in o t h e r

只
v e r

LI le

S o u t h C hin a

r e g lo n s
·

a n d a lo

ra ln b e lt

只n

O V e Y E a s t

T h e IA P m o d e l p r e d ie te d t ha t t he r a in b elt s m ig ht b e lo e a t e d

n g t he Y a n g t z e R iv e r V a lle y
.

T h e O SU / N CC m o d e l fo r e e a s te d

C hin a
.

e s p e e ia lly in S o u t h C hin a
.

T h e C CM 3 / N CC m o d e l

O f、 1 门fl 1 I f飞 1 7 门 1 Z r、。 p
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Fig
.

1
.

D is t r ib u t io n s o f the a n o m alo u s p e r e e n t a g e o f p r e d iet e d r a in fa ll by G C M s a n d o b s e r v a tio n in

s u m m er (JJA ) 1 9 9 5 (a ) 1 9 9 6 (b) a n d 1 9 9 7 (e ) in P e r e e n t a g e
,

(fr o m t o P to b o t t o m : IA P A /

PO G CM
.

O SU /N CC a n d C CM 3 /N CC
.

b u t fo r 1 9 9 5 a n d 1 9 9 6
,

the third m o d e l r e s u lt s n o r

s ho w n )
.

fo r e e a s te d t he r a in b e lt o v e r S o u t h C hin a a n d N o r t he a s t C hin a
.

T h
e T 6 3 / N CC fo r e e a s t e d

th e r a in b e lt o v e r S o u t h C hin a
.

T he CC M 3 1
一

L N W P Pr e d ie te d t he ra in b e lt s o v e r N o rt h

C h in a a n d S o u th C hin a
.

T he p r e d ie tio n re s u lt s w ill b e a s s e s s e d in th e 1 9 9 9 W o r k s
h o p

.

T a ble 2
.

E v a lu a t lo n o f A e e u r a e y R a t e (PP ) a n d A n o m aly C o r r e la tio n C o e ffieie n t s (CC ) b e tw e e n rh e

O b s e r v a t io n s a n d th e E x t r a s e a s o n a l Pr e d ie tio n s b y th e G C M s

19 9 5 1 99 6 1 99 7

G CM
s

一
PP

‘

CC PP C C PP C C

IA P 7 7 0
.

0 1 6 5 一 0
.

23 5 9 一 0
.

0 6

O SU / N C C 7 6 0
.

0 4 7 5 0
.

1 6 5 9 一 0
.

2 8

C CM 3 / N C C b e t te r

W P 84 0
.

2 5 6 3 0
.

0 5 5 8 一 0
.

0 8

M 7 5 0 0 6 65 0
.

00 6 4 0
.

0 2

N o t e :
T h e e o m p o s it e p r e d ie t旧 n s

by t h
e

W o r k
s
h o p s (d e n o te d a s

W P ) a n d
a v e r a g e o f

a
ll m e th o d s (d

e n o t e
d

a s M ) a re

s ho w n in t h e la
s t t w o lin

e s .

T h e e a le u la t io n m e th o d o f PP
r e

f
e r s to C h

e n (1 99 6 )
.

Y
u a n 〔1 9 9 7 ) a n d C h c n (1 9 9 8 )

{
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IV
.

S E V E R A L IS S U E S O N T H E S H O R T
一
T E R M C L IMA T E PR E D ICT IO N S BY T H E G C M S

1
.

R e li a b : lity on th e S h o rt
一

Te 溯 门
im a te P re d : c tio n s 勿 th e G C八fs

A s
m e n t io n e d a b o v e

,

it 15 n o t e n o u g h t o e v a lu a t e t he r e l一a b ilit y o f t h e G C M s d u e t o

t h re e a s s e o s m e n t s o f th e e x tr a s e a s o n a
l Pr e d ie t io n s o f r a in fa ll o v e r Ch in a fo r 1 9 9 5

,

1 9 9 6

a n d 1 9 97 o n ly
.

O n e o f th e im p o r ta n t is s u e s 15 t o e v a lu a te t h e r elia bility a n d p r e d ie ta b ilit y

o f t he G CM
s fr o m

a
lo n g e r t im e s e a le

.

S o m
e

G CM s ’

g r o u Ps s u e h a s IA P a n d O S U / N CC

ha v e e o m p u te d t he r e lia bilit y a n d p r e d ie t a b ilit y o f t he ir G CM s by u s in g th e hin d e re a s ts o r

his t o r ie a l Pr e d ie t io n s (L i e t a l
.

1 9 9 8 : G a o a n d Z ha o 1 9 98 )
.

T he O SU / N CC A M O G CM ha v e b e e n in p r o g r e s s o n s o m
e te s t s o f h in d e r 一p r e d ie t io n

.

T h e p e r io d o f t h e hin d e r 一
Pr e d ie t io n w a s fr o m 1 9 8 2 t o 1 9 9 5

.

S im ila r to t he e x t r a s e a s o n a l

Pr e d ie t io n s
,

e a e h hin d e r 一
p r e d z e tio n s t a r t e d in th e F e b r u a r y o f e a e h y e a r

.

F lv e e n s e
rn b le

p r e d ie t io n s w e r e s e
le e te d fo

r e a eh p r e d ie tio n
.

T h e in itia l d
a te w a s F e

b r u a r y 1
.

5
,

1 0
.

1 5

a n d 2 0 r e sPe e t iv e ly
.

T a b le 3 s h o w s t he a n o rn a ly e o rr e la tio n e o e ffie ie n t s o f s u m m e r r a in fa ll

b e tw e e n the o b
s e r v a t io n s a n d e x t r a s e a s o n a l hin d e r 一p r e d ie t io n b y th e O s U / N e e

A MO G C M fr o m 1 9 8 2 t o 1 9 9 5 (G a o a n d Zh a o 1 9 9 8 )
.

T h e r a in fa ll p r e d ie te d by t h e
O S U /

N CC o t th e g r id p o in ts w a s in te r p o la te d in t o 1 60 s t a t lo n s re s p e e t iv e ly
.

T 卜e a n o m
a l一e s o f

r a in fa ll fo r t h e O S U / N CC rn o d
e
l
s w e r e e a le u l

a t e d by t he rn e a n o f e o n tr o l
r u n s w h ieh w a s

r u n by 1 0C y e a r s a n d r he la s t 5 0 y e a r 一m e a n w a s e a le u la te d a s th e m o d e l e lim a re
.

T a ble 3
.

A n o m a ly C o r r e la tio n C o e ffie ie n t s (A C C ) o f S u m m e r R a in fa ll (JJA ) b e tw e e n O b s e r v a tio n s a n d

E x t r a s e a s o n a l H in d e r P r e d ie tio n b y th e O S U / N C C fr o m 1 9 8 2 t o 1 9 9 5 (G a o a n d Zh a o 1 9 9 8 )

G CM s 1 9 82 1 9 8 3 19 8 4 1 98 5 1 9 86 1 9 8 7 19 8 8 19 8 9 1 99 0 1 9 9 1 19 9 2 19 93 1 9 9 4 19 9 5 a v e r a g e

A C C 0
.

17 一 0
.

10 一 0
.

2 2 0
.

10 0
.

17 一 0
.

17 0
.

0 8 一 0
.

1 9 一 0
.

2 6 0
.

17 一 0
.

10 0
.

0 1 0
.

2 3 0
.

0 4 一 0
.

0 1

T h e A C C sh o w s in T a ble 3 t ha t t he a v e r a g e v a lu e (一 0
.

0 1 ) o f A C C b e t w e e n p r e d ie t e d

a n o m
a
lie

s a n d o b s e r v a t io n s o f
r a in fa ll fo

r 1 4 y e a r s 15 p o o r
.

It 15 n o te d in T a ble 3 t ha t

A C C s a r e p o s it iv e in 、e v e n o f 14 y e a r s
.

T he h ig he s t A CC a
m o n g t he m 主5 0

.

2 3 in 1 9 9 4
.

F lg u r e 3 s
h o w s t he d is t r ib u t io n s o f A C C o f r a in fa ll b e t w e e n o b s e r v a t io n s a n d h ln d e r -

p r e
d i

e tio n in 1 6 0 s t a t io n s
fo r t he p e r io d o f 1 9 8 2 一 1 9 9 5 by th

e
O SU / N C C A MO G CM in

s p r in g (M A M ) a n d s u m rn e r
.

T h e p o s it iv e A CC s fo r s p r in g a r e fo u n d in N o r t h Ch in a a n d

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

T he n e g a t iv e A CC a r e lo e a te d in S o u t h C h ln a
.

T h e p o s it zv e A C C s fo r

s u m m e r a r e n o tie e d alo n g Y a n g tz e a n d H u a ih e R iv e r V
a
lle y

,

S o u th C h ln a
.

w e s t t o H e , a o

s o m e p a r t o f N o r t he a s t C h in a
.

It m e a n s t ha t t h e s e r e g io n s w ith t he p o s it iv e A C C h a v e t he

h ig he r p r e d ie ta b ilit y a n d r e li
a
bility

.

T he A C C s o f r a in fa ll in o n e t hi
r
d o f 1 60 s ta t io n s in

s p r in g o r s u m m e r a r e h lg h e r th a n + 0
.

2 0
.

rh e IA P s e ie n tis t s h a v e a ls o e o n d u e t e d s o m e t e s ts fo r t h e ir e x tr a s e a s o n a l p r e d ie t lo n s

by u s in g t he IA P A O G CM
.

T h e y fo u n d tha t th e
hig h p r e

d ie ta bilit y in t h e ir m o d
e l a r e

lo e a te d in S o u th C hin a a n d a lo n g Y a n g t z e R iv e r V a lle y
,

a n d lo w p r e d ie ta b ilit y in N o r t h

C hin a fo
r th e e x t r a s e a s o n a l

s u rn m
e r p r e d ie t io n (I

J

i e t a l
.

1 9 9 8 )
.
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3
.

D is t r ib u t io n s o f A C C o f : a in fa ll b e tw e e n o bs e r v a t i o n s an d h in d e r p r e d ie t io n b y th e O SU /

N CC A MO G C M i n s Pr i n g ‘a ) a n d s u m m e r ‘b ) o f p e r lo d 1 9 8 2 一 1 9 9 5 ( G a o a n d Z ha o

1 9 9 8 )

2
.

曰im a t e D
r

,ft
a n d A n o m a ly Co rre

c t io n

C lim
a t e d r ift 15 g e t t i n g m o r e s i g n ifi e a n tly w i th t h e lo n g e r i n t e g r a t io n tim e

,

I t 15 a n



1 1 6 A C T A ME T E O R O L O G IC A S IN ICA V o l
.

1 4

im p o r t a n t is s u e
fo

r t h e s h o r t
一
t e r

m e lim a te p r e d ie tio n s
.

T h
e r e fo r e

,

th e G C M
s ’

g r o u p s

sh o u ld e o n s id e r elim a te d r ift o f th e m o d e ls a n d a n o m a ly e o r r e e t io n s w h e n t he y e a r r y o u t

t h e e x tr a s e a s o n a l p r e d ie tio n s
.

IA P e o r r e e te d t he te r m o f in te r a e tio n s
b e tw e e n a ir a n d s e a

.

T h
e y a l

s o ha d a n o t h
e r

e o r r e e t io n o n p r e d ie tio n o f r a in fall
.

T hey u s e d th e a n o m aly e o r r e e t io n o f r a in fa ll b a s e d o n

d e d u e tio n o f t h e m o d e l e lim a t e fr o m t he m o d e l p r e d ie tio n
.

A fte r t h e e o rr e e t io n s o f
r a in fa ll

fo r 1 9 9 1 一 1 9 9 5
,

th e p r e d ie t e d
s
kill s e o r e s r a is e d o b v io u s

ly (Ze n g 1 9 94 ; Y u a n e t a l
.

1 9 9 6)
.

T h e O SU / N C C g r o u p m a d e tw o e x p e r im e n ts fo r t h e m o d e l e lim a t e
.

O n e o f th e m ha s

m e n tio n e d a bo v e
.

T he o rhe r w a s rha t rhe m e a n s o f 1 3 y e a rs (19 8 2 一 1 9 9 5) e x elu s iv e o f the

p r e d ie t in g y e a r w e r e s e le e t e d a s t he m o d e l e lim a t e (d e n o t e d a s O SU / N C C
‘

)
.

It m e a n s

th a t t he a n o m a lie
s o f r a in fa ll fo r the O S U / N C C

“

w e r e e a le u l
a te d by t h e

m e a n o f 1 9 8 2 一

1 9 9 5 p r e d ie t io n s e x e lu s iv e o f th e p re d ie t y e a r (the 1 3 y e a r s 一

m e a n )
.

T a ble 4 g iv e s t he A CC

o f s u m m e r r a in fa ll b e tw e e n o b s e r v a t io n s a n d e x t r a s e a s o n a l hin d e r p re d ie t io n s by t h e O S U /

N C C
并

f
r o m 1 9 8 2 to 1 9 9 5

.

T a blc 4
.

A n o m a ly C o r r e la tio n C o e ffieie n t s (A CC ) o f S u n im e r R a in fa ll (JJA ) b e tw e e n th e O b s e r v a tio n s

a n d E x tr a se a s o n a l H ln d e r Pr e d ie tio n s by th e O S U /N C C fr o m 1 9 8 2 士0 1 9 9 5 (G a o a n d Z ha o

1 9 9 8 )

G C M
s 1 98 2 19 8 3 19 8 4 1 9 8 5 1 9 86 19 8 7 19 8 8 1 9 8 9 1 9 90 1 99 1 1 99 2 1 99 3 19 9 4 1 9 9 5 a v e r a g e

O SU /又C C
’

0
.

10 一 0
.

1 3一 0
.

1 6 0
.

3 3 0
,

12 一 0
.

CS 0
.

0 9 一 0
.

0 2 0
.

0 6 0
.

04 0
.

12 0
.

0 9 一 0
.

0 3一 0
.

0 3 0
.

0 4

It 15 n o te d in T a ble 4 t h a t th e m e a n A C C o f 1 4 y e a r s 15 0
.

0 4
.

T h e A C C s a r e P o s lt iv e

in e ig h t o f 1 4 y e a r s
.

T h
e hig h e s t A CC 15 0

.

3 3 in 1 9 8 5
.

C o m p a r in g T a b le 3 w it h T a b le 4
,

it S e em S t ha t th e A C C fo r th e O S U / N C C
‘

15 b e t te r t ha n th a r fo r O SU / N C C
.

T h e r e a s o n

m ig h t b e t ha t t he e o n tr o l
r u n o f th e rn o d e l fo r 1 0 0 y e a r s (O S U / N C C ) d id n o t e o r r e e t t卜e

e
lim a te d r ift o f t he m o d e l e a e h p r e d ie t io n o n ly

r u z i s t he m o d e l fo
r s ix m o n t hs

.

T h e r e fo r e
,

t h e r e s u lt s o f 1 3
一
y e a r p r e d 一e t e d m e a n 。、 th e m o d e l e lim a t e m e a n w hie卜 h a d a s im

lla r

e lim
a te d r ift a r e

b e tt e r th a n 5 0
一
y e a r e o n t r o l r u n 一

m
e a n a s t h e m o d

e
l

e
lim a t e

.

3
.

R e so lu r勿n :
of

th e M d介l

A s s h o w n in T a ble 1 t h
a t the r e s o lu t io n s o f th e m o s t Ch in e s e G CM

s a r e e o a r s e
.

T he r e fo r e
.

t he r e g io n a l e lim a te p re d ie t io n s u eh a s r a in fa ll o v e r C hin a by u s in g rhe g lo b a l

m o d e ls m a y r e s u lt in u n e e r t a in tie s o bv io u s ly
.

O n e w a y to s o lv e t h e p r o ble m 15 n e s tin g a r e g io n a l e lim
a te m o d e

l to a G C M
.

B a s e d o n

th e N CA R R e g C M Z
,

N CC h a s d e v e lo p e d a r e g io n a l e lim a t e rn o d e l o v e r C h x n a (d e n o te d a s

R e g CM Z / N C C )
.

T h
e s e a s o n a

l p r e d ie tio n o v e r T h r e e G o r g e s o f C hin
a

fo r fa ll s e a s o n

(S e p te m b e r to N o v e m b e r ) 1 9 9 7 h a s b e e n e o n d u e te d by u s in g t he R e g C M Z / N C C n e s t in g t o

a g lo b a l a t m o s p h e r ie e ir e u la tio n m o d e l (CCM 3 / N C C )
.

T h e d o m a in o f t h e R e g C M Z / N C C

15 lo
e a t e d

a t a b o u t 2 1 一 4 1
“

N a n d 1 03 一 1 2 7
“

E a n d th e
h o r iz o n ta l re s o lu tio n 15 5 0 km w irh

th e v e r tie a l r e s o lu tio n o f 1 7 la ye r s
.

T o e o m p a r e w it h t he o b s e r v a tio n s
,

th e R e g C M Z / N C C

p r e d ie t e d t he d
a ily p r e e ip it a tio n fr o m S e p te m b e r 1 to N o v e m b e r 3 0

,

19 9 7 r e a s o n a bly w h e n
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th
e Y a n g t z e R iv e r w a s d a m m

e d a t the T h r e e G o r g e s (Z h a n g 2 9 9 7 : Zh
a o e t a l

.

1 9 98〕
.

B u t

it n e e d s to e rn p ha 、iz e t ha t a g o o d o r p o o r p re
d i

e t io n o f
a r e g io n a

l
e
[im a te m o d e l d e p e n d s o n

t he r e s u lt s o f t he n e s t in g G CM s
.

T he r efo r e
,

th e G C M s sh o u ld b e im p r o v e d a n d d e v e lo p e d

a t firs t
.

4
.

E n s e m ble 尸re d ic tio n s

T he IA P G CM g r o u p ha s t e s t e d t he n u m b e r s o f e n s em ble m em b e r s s u eh a s s
,

9 a n d

28
.

T h
e y e a le u l

a t e d t h e s t a n d a r d d e v ia tio n s a n d
s e a t te r o f

e n s e m b le Pr e d ie t io n s
fo r

p r e e ip ita tio n b y u s in g t h e ir G C M m o d e
l

.

It 15 fo u n d t h
a t t h e e x t r a s e a s o n a l p r e d ie t io n s

by

th e G CM s s
h o u ld u s e t he e n s e m b le m

e th o d s r a the r th a n s in g le p r e d i
e t io n

.

T h e y n o t 一e e d

tha t th e p r e d ie t io n s o f t h e ir G C M w e r e d iffe
r e n t fo r th e d iff

e r e n t in itia l e o n d it io n s
.

T h e r e fo r e
,

t h e p r e d i
e t io n s o f t he G C M

s w it h th e s t a n d a r d d e v ia tio n s a n d s e a t te r sh o u ld b e

g iv e n a s t he r e f
e r e n e e s w he n a m o d e

l p r e s e n t e
d it s P r e d ie tio n (Y u a n e t a

l
.

19 9 6 )
.

U P to n o w o n ly t w o G CM
s
h

a v e e a r r ie d o u t t he e n s e m b le p r e d io t io n s in C hin a a n d t he

e n s e m b le p r e d ie t io n s s im p ly s e le e te d t he a r ith m e t ie m e a n
.

Fu r th e r t e s t s sh o u ld b e

e o n d u e t e d o n t he e n s e m b le Pr e d ie t io n s
.

5
.

及厅若
c ts

of O
e e a 二 ￡n th e S h o r t一T

e r m C lim a t e P re d ic t io n s 口s Zn g th e
G CM s

A s m e n t lo n e d a b o v e
,

t he IA P A G CM w a s e o u p le d to th e O G C M
,

T he r e fo r e
.

t he s e a

s u r
fa e e te m p e r a tu r e a n o m

a
ly (S ST A ) w a s p r e d ie t e d b y t he ir m o d

e
l

.

T he O SU / N C C

A G C M w a s e o u p l
e
d t o a m ix e

d
一

la y e r o e e a n m o d e l
.

T h
e SS T A a l

s o w a s Pr e
d i

e t e d b y t he

5 im p le m o d e l
.

O t h e r
m o d el

s s u eh
a s C CM 3 / N CC a n d T 63 / N C C w e r e fo

r e e d b y t he lin e a r

tr e n d s o f t he o b
s e r v e d S S T A a s

b o u n d a r y e o n d itio n s
.

T he te s t s o f p r e d ie t io n s d u r in g 1 9 9 5 t o 1 99 8 s h o w e
d th

a t t he p r e d ie tio n o o f
s u m m

e r

ra in f
a ll o v e r C hin a w e r e e lo s e r t o th e o b

s e r v a t io n s w he n th e S ST A p r e d ie t e d b y th e m o d e ls

o r e s t im a te d by t h e lin e a r t r e n d s w a s
m o r e e o r r e e t

.

F o r e x a m p le
,

t h e
C C M 3 / N CC

p re d le te d t he s u m m e r r a in fa ll in 1 9 9 7 a n d t he O S U / N C C in 1 9 9 6
.

Sin e e t he r e 15 a g o o d

r e
la t io n s hip b e t w e e n t he s u m m.e
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