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,

N a n
ii
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a n d L in Z h e n s人a n (林振山 )

D e p a r tm e n t o f A tm o s p he r ie Se ie n e e s
,

N a n
ji
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,

N a n jin g 2 1 0 0 9 3

R e e e iv e d Ju ly 1 4
,

1 9 9 6 ; re v ise d O e t o be r 1 7
,

1 9 9 6

A BS T R A C T

T he p a p e r eo n e e r n s a flo o d / d
r o u g ht p r e d ie tio n m o d e l in v o lv in g th e eo n tin u a tio n o f t im e se r ie s

o f a p r e d ie t a n d a n d the p h ys ie a l fae t o r s in flu e n e in g the e ha n g e o f p r e d ic t a n d
.

A tte m p t 15 m ad e t o

e o n s tr u e t th e m o d e l by t he n e u r a l n e tw o rk s eh e m e fo r the n o n lin ea r m a p p in g r e la t io n b a se d o n

m u lti
一
in p u t a n d s in g le o u tp u t

.

T h e m o d e l 15 fo u n d o f s te a d ily h ig h e r p r e d ie tiv e a e e u r a ey b y t es tin g

the o u tp u t fr o m o n e a n d m u ltiple s te pw is e p r e d ie tio n s a g a in s t o bs e r v a tio n s a n d e o m p a r in g the

r e s u lts t o th o s e fr o m a tr a d itio n a l s ta tis tie a l m o d e l
.

K e y w o rd s : flo o d / d
r o u g h t p r e die tio n

,

m ix e d m o d e l
,

n o n lin e a r m a p p in g 5 0 11 h u m idit y n e u r a l

n e tw o r k

1
.

IN T R O D U C T IO N

C h in a s u ffe r s fr o m m o n s o o n elim a t e 一r e la te d d is a s te r s
,

e s p e e ia lly flo o d / d r o u g h t th a t

o e e u r fr e q u e n tly
.

T h e r e fo r e
,

m e d iu m
一 a n d lo n g

一
t e r m p r e d ie t io n s o f w e t n e s s / d r y n e s s a r e

im p o r ta n t r e s e a r e h s u bje e ts fo r d is a s t e r p r e v e n t io n a n d r e d u e t io n in a g r ie u lt u r e
.

It 15

e o m m o n p r a e tie e
,

ho w e v e r
,

tha t r a in fa ll o r its d e p a r t u r e 15 u s e d a s a Pr e d ie ta n d in e u r r e n t

r e s e a r e h a n d o p e r a t io n a t h o m e a n d ab r o a d (Z ho u a n d H u a n g 1 9 90 )
.

A t te m p t 15 m a d e in

the p a p e r to e o n s tr u e t a m o d e l w ith a p r e d ie ta n d b a s e d o n 5 0 11 h u m id ity a s a e o m p r e he n s iv e

in d ie a t o r o f w a te r r e g im e o f e r o p s a im in g a t b e tt e r a p p lie a t io n t o fig h t in g a g a in s t flo o d s /

d r o u g h t s a n d m a n a g e m e n t o f w a t e r r e s o u r e e s
.

T his s t u d y 15 s u p p o r te d b y t he E x ee lle n t T a le n t Fo u n d a tio n o f th e S t a te E d u ea t io n C o m m is s io n
·
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PR IN CIPL E S O F T H E M IX E D M O D E L

1
.

St ru ct u re of th 己 A人
〕
J el fo

r 尸re d ict in g F loo d : / 工卜。“g h ts

A t p r e s e n t
,

s ta t is t ie a l te eh n iq u e s r e m a in d o m in a n t in o p e r a t io n a l fo r e e a s t in g o f th e

w e tn e s s / d r y n e s s o n lo n g
一 a n d m e d iu m

一r a n g e b a s is in m e t e o r o lo g y
.

T w o m e tho d s in

w id e s p r e a d u s e a r e m u lt iv a r ia te a n a ly s is a n d t im e s e r ie s a n a lys is
.

T he e o m m o n m o d el

b a s e d o n r e g r e s sio n in m u lt iv a r ia te a n a lys is h a s th e fo r m

y 一 夕
。

+ 几x l

十 几x Z
+ ⋯ + 凡x ,

+ : ,

(1 )

w he r e 少 15 the p r e d ie t a n d
,

x ‘ th e p r e v io u s 一p e r io d p r e d ie t o r
,

月
, t he r e g r e s s io n e o effie ie n t

w ith i = j = 1
,

2
,

⋯
,

m a n d 0 w hit e n o is e
.

In a n o the r k in d o f t im e s e r ie s a n a lys is th e

a n a ly s is 15 m a d e m a in ly o n the P r e d ie t a n d it s e lf w ith r e fe r e n e e t o “
t im e d o m a in

” .

T h e

e o m m o n fo r m o f the a u to r e g re s sio n m o d el A R (P ) 15 g iv e n by

y
:

一 八yt
一 ,

+ 几扒
一 2

+ ⋯ + 凡x 卜 ,
+ 。‘,

(2 )

w he r e y
:

15 th e p r e d ie t a n d
’5 s e r ie s

,

尽 the m o d e l
’5 c o e ffie ie n t a n d ‘ w h ite n o is e

.

M o d e l (1 )

15 ba s e d o n the id e a th a t the fu t u r e s t a te e o m e s fro m e h a n g e s in p r e v io u s 一p e r io d p e r t in e n t

fa e to r s w hile m o d el (2 ) r ela t e s th e fu tu r e s ta t e t o p r e v io u s e o n d itio n o f the v e r y

p r e d ie t a n d
.

In fa e t
,

fo r g e n e r a liz e d s e r ie s a n a ly sis the ID t im e s e r ie s ha s it s fu t u r e v a lu e

d e p e n d e n t o n the p a s t th r o u g h a r e e u r r e n t r e la t io n
,

n a m e ly

Y
,

= F (Y卜
l ,

Yt
一 2 ,

⋯
,

Y卜
,
)

.

(3 )

Lik ew is e
,

g e n e r a liz ed r e g r e s s io n a n a lys is e a n b e e x p r e s s e d a s

Y
。

= F (X
、 ,

X
Z ,

⋯
,

X
。
)

.

(4 )

M o d els (1 ) a n d (2 ) a r e n o w in w id e s p r e a d u s e fo r flo o d / d r o u g ht p r e d ie tio n
.

H o w e v e r
,

a n alysis o f m e d iu m
一

/ lo n g
一
t e r m w e a the r p r o e e s s a s s o e ia te d w ith th e s e e a la m itie s s h o w s

tha t s in e e th e a ffe e t in g fa e to r s a r e m a n y a n d e o m b in e d in a e o m p lie a t e d fa s hio n
,

n o fu lly

d e t e r m in is tie e q u a tio n e a n g iv e q u a n tit a t iv e d e s e r ip tio n a n d Pr e d ie tio n , a n d th e m o d e l m ay

n o t b e g o o d e n o u g h t o d ep e n d o n ly o n p e r t in e n t e x o g e n o u s fa e t o r s a n d d e t e r m in e the ir

o e e u r r e n e e in a d v a n e e
,

w h ie h m a y be P a r a s itie u t t e r ly o n the P r e v io u s s t a te
.

It 15 he n e e

b e lie v e d tha t flo o d / d r o u g h t p r e d ie tio n m a y b e g iv e n b y a m ix e d m o d e l in v o lv in g th e

p r e v io u s r e g im e a n d e x t e r n a l v a r ia ble s w hieh m o s t like ly 15 n o t n e e e s s a r ily lin e a r
.

If n o is e

e o n t a in e d in the n ew ty p e o f m o d e l p r e s e n t e d 15 a s s u m e d t o b e in h e r e n t in the o r ig in a l

s e r ie s
,

the n w e h a v e a m o d e l o f g e n e r a liz e d m a t r ix fo r m

Y
,

一 必(X
‘,

Y
‘一 1 ,

Yt
一 2 ,

⋯
,

Y卜
,
)

,

(5 )

w h e r e X
‘

,

Yt
一 ,

,

Y卜
2

,

⋯
,

Yt
一户 a r e a ll e o lu m n v e e to r s

.

A s s u m in g 巾 t o b e n o n lin e a r

m a p p in g fr o m in p u t t o o u t p u t
,

w e sh a ll n o w d e al w ith the p r o ble m s h o w t o a Pp r o x im a te

E q
.

(5 ) a n d it s Po s s ibility to fo r e e a s t the s e d is a s t e r s
.

扩

2
.

材。d el E s ta blishm e n t a n d N o o lin e a r 几坛PP in g R e a liz a tio n

Jin a n d L u o (1 9 9 2 ) in d ie a t e d th a t flo o d / d r o u g h t a ffe e t e r o p s thr o u g h th e e o n te n t o f

5 0 11 hu m id ity (S H )
.

S t u d y o f ID S H s e r ie s s ho w s tha t SH a t a n in s t a n t
,

t
,

15 s u bs ta n tia lly

in flu e n e e d by th e p r ev io u s r e g im e a t t 一 1
,

t 一 2 e te
.

A n d th e p hy sie a l p r o e e s s 15

u n d e r s t a n d a ble
,

m e a n in g tha t g r e a te r S H a t t 一 1
,

t 一 2
,

⋯
,

w ill p r o d u e e s tr o n g e r

e v a p o r a t io n
,

o th e r e o n d it io n s be in g e q u a l
,

r e s u lt in g in m o r e w a te r lo s t
,

a n d v ie e v e r s a
.
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1 1

B e sid e s
,

a n a lys is by the S H b a la n e e e q u a tio n r e v e a ls th a t p r e v io u s r a in fa ll w ill d ir e e tly

affe e t s u b s e q u e n t S H ; eh a n g e in s u n sh in e s t r e n g th h a s e ffe e t
,

to o
,

by a lte r in g the

e v a p o r a tio n d e n o t e d b y the the r m a l te r m s
.

It 15 e le a r fr o m the a r g u m e n ts tha t e ha n g e in

SH e s s e n tia l t o e r o p g r o w th b e a r s a r e la tio n t o s o m e m e te o r o lo g ie a l ele m e n t s a s w e ll a s the

p r e v io u s S H
,

a fa c‘ th a t a g r e e s w it卜
o u r c o n s id e r a t io n s in m a kin g th e m ix e d m o d e l (5 ) a n d

s e r v e s a s th e b a s is
.

T h e n e x t t a s k 15 t o m ak e m o d e l (5 ) h a v e th e fu n e t io n o f n o n lin e a r

m a Pp in g 中
.

T he 1 9 8 0 5 s a w th e a e hie v e m e n t s in th e r e s e a r eh in t o in fo r m a t io n p r o e e s sin g in h u m a n

b r a in b a s e d o n n e u r o lo g ie a l p r o g r e s s a n d th e s e ie n e e o f e o m p u te r s
,

a n d e o n s id e r a ble

a d v a n e e s h a v e be e n m a d e in m a n y fie ld s o f le a r n in n g in a p p lie a t io n o f n u m e r o u s a r t ifi e ia l

n e u r a l n e tw o r k (A N N ) t e e hn o lo g y fo r p r o e e s s in g la r g e 一 s e a le n o n lin e a r p a r a lle l d is t r ib u t ed

m e s s a g e (L e e e t a l
.

1 9 9 2 ; Y in a n d X u 1 9 9 1 )
.

A n d the fe e d fo rw a r d
,

o r BP
,

n e tw o rk

(Z ha n g e t a l
.

1 9 9 3 ) th o u g h ha v in g s o m e lim it a t io n s
,

15 s t ill in w id e u s e
,

r e p r e s e n t in g a

kin d o f n o n lin e a r m a p p in g fr o m m u lt ip le in p u t t o sin g le o u t p u t o r a s e t o f o u tp u t
,

a n d in

p a r t ie u la r
,

the m a p p in g 15 r e a liz e d w ith o u t the kn o w le d g e o f th e in t分r n a l s t r u e t u r e o f the

s t u d y s ys t e m b u t s u e h a s t r u e t u r e e a n b e o b t a in e d th r o u g h the te a e h e r ’5 le a r n in g / t r a in in g

by s im u la tin g th e o b s e r v e d s a m p le w ith th e a id o f th e BP t e e hn iq u e
,

w h ieh p r o v id e s a

the o r e t ie a lly s o u n d b a s is fo r p r e p a r in g the m ix e d
一
ty p e m o d el

.

!

111
、

F LO O D / D R O U G H T PR E D ICT IO N W IT H V E R IF ICT A ION

1
.

L e a rn in g A lg o ri th m s
of th e M d d el E st a blish m e n t fo

r P re d ic t io n

T he flo o d / d r o u g h t p r e d ie t io n m o d e l ba s e d o n E q
.

(5 ) 15 a 3
一

la ye r B P n e tw o r k
,

o n e

la y e r be in g fo r in p u t a n d a n o the r fo r o u t p u t w ith th e hid d e n o n e in b e tw e e n
,

w h ie h u t iliz e s

a n a lg o r ithm o f in v e r s e p r o p a g a t io n o f e r ro r fo r th e le a r n in g in p u t m a t r ix (Jin e t al
.

19 9 6 )

a s a m e a n s o f th e n e tw o r k t r a in in g
.

T h e m a the m a t ie p r in e ip le 15 illu s t r a t e d a s fo llo w s
.

L e t E
*
be th e e o s t (1

.

e
. ,

e r r o r ) fu n e t io n o f th e in Pu t o f a t r a in in g s e t w ith r e sPe e t to

(A
*

,

C
* ) a t the o u tP u t laye r a n d w e ha v e

,

fo r t h e t o t a l m o d el in p u t s e t
,

th e w h o le e o s t

fu n e t io n in th e fo r m

、./n八勺O
子r、E 一 艺凡

·

龙= l

T hu s
,

fo r the k
一
th p air e d in p u t

,

th e w e ig h in g in p u t o f u n it j a t the o u t p u t le v e l t a k e s

the fo r m

n e t几 一 艺w涛 (7 )

b u t th e a e t u a l o u t p u t o f j 15 g iv e n a s

妇

C
,

= f (n e tC
,
)

f~ l

了(艺w
, ,b ‘)

·

(8 )

O n th e o th e r ha n d
,

the w e ig h in g in p u t o f u n it 1 a t th e h id d e n le v el 15 e x p r e s s e d

fo r m a lly a s

n e t 。、 一 艺
v , * a * ,

(9 )

w ith th e r e a l o u tP u t o f th e u n it 15 in the fo r m
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。
,

一 f (n e tb
,

) 一 f (万
v * 、a ‘ )

.

(10 )

F o r u n it j o f the o u tp u t la ye r
,

e r r o r

d
,

-

o f g e n e r a l eh a r a e te r 15 d efin e d by

旅
*

刁n e tC
, ’ (1 1 )

w h ieh e a n b e r e w r it t e n a s

、,

一绘
f’‘二‘C

少
,

(1 2 )

a n d fo r 1 a t th e h id d e n

范
k

口n e t b‘

,

w e s p e e ify it s g e n e r a l e r r o r o e e u r r e n e e in the fo r m

己f
=

赶班
* 刁b、

刁b 、 刁n e t b*

范
‘ 、

J
’

(n e‘“
:

’(一 亥
’ 一 尹 (n e t b‘)艺d

,
w

‘, ,

(1 3 )
少= 1

w he r e d
, r e p r e s e n t s the e r r o r o f th e o u tp u t le v e l

,

w hie h
,

a s a r r iv in g a t the h id d e n th r o u g h

in v e r s e m ig r a t io n
,

ha s the e x p r e s s io n o f e ,
.

W ith th e a id o f th e e o n n e e t io n w e ig hin g s w
‘, a n d y ,、

fo r th e in p u t a n d h id d e n le v e ls
,

w e em p lo y g r a d ie n t d e s e e n d in g (1
.

e
. ,

the w e ig h in g s a r e a d ir e e t m e a s u r e o f n e g a t iv e

g r a d ie n t s ) t o m in im iz e the e o s t fu n e tio n
.

T o e o m p u t e the v a r ia t io n in th e w e ig hin g e o effie ie n ts

P

w e m a k e u s e o f the fo llo w in g

。

彝
_ 、

、

「
”(

买
W

‘,
”
、
’

)
_ 、

、

。
、

次之夕、‘
产

l

—
}

L 成‘‘了 J

(1 4 )

_

aE
;

一 一 卢不二 一 一 卢
。飞产h f

范
*

而e t b ‘

而e t b
,

面
^、

a le a r n i

风
、a * ,

w he r e a (0 < a < 1 ) a n d 月(0 < 夕< 1 ) s t a n d fo r n g a n d a

(1 5 )

m o m e n tu m fa e t o r
,

缅鲡

r e sPe e t iv e ly
.

In v iew o f the fa e t tha t th e t o ta l e o s t fu n e t io n E 15 d e fin e d fo r th e in p u t t r a in in g s e t o f

the m o d e l a s a w ho le 5 0 tha t to r e a liz e its a e t u a l g r a d ie n t d e s e e n d in g a e r o s s a e u r v e d

s u r fa e e it 15 n e e e s s a r y to fin d n e g a t ive g r a d ie n t fo r the w e ig hin g s
,

v iz
. ,

艺 (一

全
(-

黯
,

,

黔
)

,

(1 6 )

(1 7 )

兰帆竺鲡一一

in w h ieh e a s e the r e la te d e x p r e s s io n s fo r the w e ig hin g v a r ia t io n a r e g iv e n a s

旅O 乞口
、‘

一 一 a 二,

es 一
次习‘, 艺 (

一

艺
(一 ,

会
,

,

尝
)

·

(1 8 )

△v 爪

。

扭
- 一 拼 下, 一

6 忆产Af
(1 9 )

A n d if E 15 d efin e d a s th e s q u a r e s u m o f e r r o r
,

n a m e ly
,

E -

E
*

-

音馨客
(。 一 : )

2

告客
(e。一 。

, )
2 ,

(2 0 )

(2 1 )

w ith f d e n o t in g S ig m o id fu n e t io n
,

le a d in g to

y 一 f (x ) -
1

1 十 e一 二 (2 2 )
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.

1 1

the n w e o b t a in

尹 (x )
一 1

一 (1 + e一 )
Ze

一 x

(一 l) =
1

, ,

1
百一下一

~
二下石又1 一 不一下二二诬 少一 y 以 一 y 少

.

l 节尸 匕 1 州尸 七

(2 3 )

F r o m E q s
.

(1 2 ) a n d (1 3 )

le v els
,

r e sP e e tiv e ly
,

丫V e CO I】l e t o th e e x Pr e s s io n s o f e r r o r e ale u la t io n fo r b o th

范
‘ 。

d
,

- 一 二一J
’

(n et c ,

) -
J f 少

(c
步一

c ,

)f (n e tc ,
) [ 1 一 f (n e t c ,

)」= c ,
(1 一 c ,

) (c
{一

c ,
)

,

(2 4 )

e :

一
尹 (n e t b 、)艺d

,
w

、,
一 b、(1 一 b

,

)艺d
,
w

‘,
.

(2 5 )

A n d fr o m E q s

少= 1

.

(1 4 ) a n d (1 5 ) w e 暴
,

r e s p e e t iv e ly
,

th e e q u a t io n s fo r w e ig h in g
’s

eh a n g e
,

△w
,,

△v 翻

ab
‘
d

, ,

伽
h e、

.

(2 6 )

(2 7 )

H e n e e
,

th e p r o e e d u r e s fo r th e BP n e tw o r k u s e d e o m e d o w n t o the fo llo w in g :

U n d e r th e a s s u m p t io n th a t the in p u t p a ir o f th e tr a in in g s am p le s e t a r e A
* a n d B * (k -

l
,

2
,

⋯
,

m )
,

v h‘ a n d w
‘, a r e g iv e n r a n d o m ly a s th e in itia l e o n n e e tio n w eig h in g s

,

s e p a r a t e ly
,

fo r the in p u t
一

h id d e n a n d th e h id d e n 一 o u tp u t le v e ls a n d s
‘a n d 乙 a s the th r e s ho ld v a lu e s o f

the la t t e r tw o la y e r s
,

r e s p e e t iv e ly
,

w e a r e a llo w e d t o d e a l w ith the e a le u la t io n o f A
* a n d

B
*

,

a s s ho w n b e lo w
.

(1 ) Fo llo w in g a le a r n in g s a m p le in p u t a n d the e o n n e e t io n w e ig h in g m a t r ix
,

a n ew

m a g n it u d e o f the h id d e n

(2 8 )

w he r e i = 1
,

2
,

⋯
,

P
,

v * 、

a e t iv a t io n 15 e a le u la t e d th r o u g h

‘ 一 f( 万心叭
,

+ 助
,

15 a g ro u p o f s m a ll s to e ha s t ie q u a n t it ie s g iv e n in it ially a n d the

S ig m o id fu n e tio n (2 2 ) u s ed a s th e a e t iv a t io n fu n e t io n
.

(2 ) W
e h a v e to e o m p u te th e S ig m o id fu n e t io n fo r th e o u t p u t

一

le v e l u n it s

c ,
一 f (艺b

、
w

、,
+ 7 ‘

) (2 9 )
i~ 1

w ith j= 1
,

2
,

⋯
, 9 a n d in it ial w

‘,
d e n o te d by a g r o u p o f s m a ll s to e ha s t ie q u a n tit ie s

·

(3 ) W
e e a n h a v e g e n e r a l e r r o r s o f the o u tp u t

一

le v el u n it s fr o m E q
.

(2 4 ) w h e r e j= 1
,

2

⋯
, 叮 a n d C } 15 the e x p e e t ed o u tp u t v alu e o f j in th is lay e r

.

(4 ) E r r o r s a r e fo u n d o f u n it s a t th e hid d e n le v e l w ith r e s p e e t to tho s e o f e a e h d
,
w ith

i = 1
,

2 ⋯
,

P
,

b a s ed o n E q
.

(2 5 )
.

(5 ) A diu s tm e n t 15 m a d e o f the c o n n e e t io n w e ig h in g s o f the u n its fr o m the h id d e n t o

o u t p u t la ye r s in t e r m s o f E q
.

(2 6 ) w ith i一 1
,

2
,

⋯
,

P; j一 1
,

2
,

⋯
,

g ; a 15 the le a r n in g

fa e t o r (0 < a < 1)
.

(6 ) A diu s tm e n t o f the thr e s ho ld v a lu e s o f the o u t p u t u n it s

△乙 ~ ad
j

.

(3 0 )

(7 ) T he u s e o f E q
.

(2 7 ) a llo w s t o m a k e a dju s tm e n t 6f th e w e ig hin g s fo r u n it s fr o m

th e in p u t to h id d e n la ye r s
,

w he r e h = 1
,

2
,

⋯
,

n : i ~ 1
,

2
,

⋯
,

P a n d 月15 th e m o m e n t u m

fa e t o r (o< 月< z )
.

(8 ) T h e n w e a diu s t the thr e s ho ld v alu e s o f th e hid d e n u n it s in v irt u e o f

△民= 户
、

.

(3 1 )
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T h e r ePe t it io n o f the p r o e e d u r e s (1 ) 一 (8 ) 15 e a r r ie d o u t thr o u g h j= l
,

2
,

⋯
,

9 a n d k

= 1
,

2
,

⋯
,

m till a m in im u m d
,
15 r e a eh e d

,

s u g g e s tiv e o f th e e n d o f le a r n in g
.

In th is w a y
,

a s e lf
一a d a p t a tio n le a r n in g sys te m 15 e s ta b lis h ed fo r th e n e tw o r k

,

w h ie h ha s n o w th e a b ility

to r e m e m b e r a n d e o n e e iv e the s a m p le s tha t a r e fe d
.

2
.

S c h e m e
fo

r E s ta bl ishin g the 人肠d el Le
a o in g M d tri x

T h e d e e ad e SH 15 t ak e n a s the p r e d ie t a n d fo r E q
.

(5 ) in th e c o n te x t o f S H a v e r a g e d

o v e r o一 5 0 c m 5 0 11 fo r Ja n u a r y 1 9 9 2 to M a r e h 1 9 9 5 (t o t a l o f 1 1 7 d e c a d e s ) fr o m X u z ho u

A g r o m e t e o r o lo g ie a l S t a tio n
,

Jia n g s u w ith the s u b s e q u e n t d a t a u s e d fo r t e s t
.

C o n tin u a tio n

15 m a d e o f th e ID tim e s e r ie s s e a la r t o e o n s t r u e t p a r t o f th e d a ta fo r p r ep a r in g m o d el (5)
.

T h e o b s e r v e d SH ID s eq u e n e e ha s the fo r m

Y (t
l
)

,

Y (tZ )
,

⋯
,

Y (t
,

)
,

(3 2 )

w hieh 15 the n e x t e n d e d in to a m u lti
一
d im e n sio n al s e r ie s b y m e a n s o f the t im e la g e o effieie n t

r
.

W
e th u s g e t

!
Y (t

l
)

,

Y (t
Z
)

,

⋯
,

Y (t
,

)
,

Y (t
l

+ r )
,

Y (t : + r )
,

⋯
,

Y (t
,

十 r )
,

(3 3 )

Y (t l + k r )
,

Y (t
:

+ k r )
,

th e la s t o f w h ieh 15 t a ke n a s the e o lu m n v e e t o r o n

⋯
,

Y (t
,

十 k约
,

th e left
一

h a n d s id e o f E q
.

(5 )
,

th e o th e r s

a s tho s e o n its r ig h t
一

h a n d sid e
.

In e s t a blis hin g the

mo d e l the ID SH d a t a a r e e x te n d ed in t o

6 D s e r ie s ,

le a d in g t o the fe d m a tr ix
一

fo r m s a m Ple s iz e N = 1 12
.

Fu r the r ,

fo llo w in g the

e o n sid e r a tio n s in S e etio n 11
,

th e m id Fe b r u a ry 1 9 9 2一 m id M a r c h 1 9 9 5 d e e a d e m e a n r a in fa ll

a n d s u n sh in e d u r a tio n (N = 1 1 2
,

o n e d e e ad e ah e a d o f the SH d a ta ) fr o m the s ta tio n a r e

t a k e n a s a n o th e r tw o e o lu m n v e e t o r s o n th e r ig ht
一

h a n d s id e o f E q
.

(5 )
.

T h u s w e h a v e a

B P
一
typ e le a r n in g m a tr ix w ith X

i ,

X
Z ,

Y
‘一 。,

Y卜
;

,

⋯
,

Y卜 1 a s in p u t a n d y
, a s e x p e e t e d

o u tP u t
.

T o m e e t th e e o n d itio n s o f S ig m o id fu n etio n
,

th e e o n s t r u e t ed le a r n in g m a t r ix a fte r it

h a s be e n n o r m aliz e d 15 p u t o n the in Pu t Po in ts o f th e B P n e t
wo

rk (7 in Pu t n o d e s a n d l

o u tp u t n o d e )
.

A fte r a dju s tin g the m o d e l th e la s t tw o d e e a d e s (e a r ly t o m id A p r il 1 9 9 5 ) o f

the s a m p le siz e a r e p r ed iet ed fo r SH w ith th e a n a lys is in d ie atin g tha t
,

w ith th e le a r n in g

(m o m e n t u m ) fa et o r t a ke n a s 0
.

7 (0
.

9 )
,

th e n u m be r o f h id d e n n o d e s a s 9 a n d e o n v e r g e n e e

e r r o r o f 0
.

0 0 3
,

the fo r e e a s tin g e r r o r 15 k ep t s te a d ily s m a ll
.

O n th is ba s is
,

fu r the r

e x Pe rim e n t s a r e m a d e w ith th es e Pa r a tn e t e r , 5 v a lu e s
.

3
.

A na 加 is of 尸re d ic t
俪

:

T o o bje e tiv e ly in v e s tig a te the p r ed ie tiv e a bility o f the e s ta b lishe d m o d el
,

2 0 d e e a d e

SH p r e d ie tio n s w e r e m a d e fo r s p r in g to s u m m e r 1 9 9 5 w it h th e m o d el a n d p a r am e t e r

v a lu e s , eo m p a r is o n t o o bs e r v a tio n s fo llo w ed
.

E r r o r a n aly sis fr o m o n e 一 s t e p p r ed ie tio n (o n e

d e e a d e in ad v a n e e ) in T a b le 1 s ho w s th e e ffe e tiv e n e s s t o b e s a tis fa e t o r y
.

Fo r the 2 0

fo r e e a s t s ,

the m a x im u m (m in im u m ) r e la t iv e e r r o r (R E ) 15 2 6
.

4 % (0
.

5 % )
,

w ith the

m e a n o f 8
.

0 3 %
.

If th e r ela tiv e e r r o r (p r e d ie tio n / o bs e r v a tio n ) ( 1 0 % 15 t a k e n a s a

erit e r io n o f su eee s sfu l fo r e e a s t
,

th e a ee u r a e y r e a eh e s 7 0%
a n d fo r th e e o r r e sp o n d in g

elima
tic p r e d ietio n s (o n ly th e

me
a n 15 g iv e n )

,

the p r o b ab ility o f Pr e d ie tio n fa ilu r e a m o u n t s
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.

1 1

t o 7 0 %
.

B y u s e o f the e x p r e s s io n fo r r e s id u a l s u m o f s q u a r e s

s S E 一 艺 (,
,

一 夕
,
)
’ ,

(3 4 )

fu r the r e a le u la t io n e a n b e m a d e o f

C
z

S S E
z
一 S S E

S S E
(3 5 )

to fin d o u t th e d iffe r e n e e in a e e u r a ey b e tw e e n th e e lim a t ie a n d m o d e l (5 ) Pr e d ie t io n s
.

In

E q
.

(3 5 ) S S E I a n d S S E Z a r e the r e s id u a l s u m o f s q u a r e s fo r 2 0 e lim a t ie fo r e e a s ts a n d 2 0

m o d el (5 ) p r e d ie t io n s
,

r e s p e e tiv e ly 5 0 th a t

C
1

4 3 8
,

5 0 一 10 4
.

7 4

4 3 8
.

5 0
= 7 6

.

1 % (3 6 )

w hie h
.

in d ie a te s th a t the a e e u r a ey o f m o d el (5 ) r e s u lt s 15 7 6
.

1 % hig he r tha n th a t o f it s

c o u n te rPa r t s
.

T 肠ble l V e rifiea t io n o f A N N
一
P r o d u ee d SH F o r e ea s ts

N o
.

O b se r v a tio n

o n e 一s te P

P r e d ie tio n R E
.

tw o 一s te P thr e e 一s te P

Pr e die tio n R E Pr ed ie tio n R E

乙
�
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.
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0
.
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.
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.
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.
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.
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.
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0
.
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.
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.
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0
.
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.
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0
.
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.

0 5 7

一 0
.

0 1 8

0
.

0 3 4

0
.

1 7 2

0
.

0 5 2

0
.

0 0 0

0
.

1 8 1

一 0
.
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0
.
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0
.
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0
.
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一 0
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0 7 6

0
.
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3 6

一 0
.

0 5 2
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.
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一 0
.
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一 0
.

0 18

0
.

0 4 5

0
.

1 3 9

0
.

0 5 3

0
.

0 1 8

0
.

1 9 0

一 0
.

1 9 4

0
.

1 6 8

一 0
.

1 1 2

0
.

1 7 0

一 0
.

0 5 3

0
.

1 6 4

一 0
.

0 0 7

0
.

0 4 0

0
.

0 5 6

一 0
.
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0
.

0 9 4
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补 R E m e a n s r e la t io n e r r o r

Fo r th e e x P e r im e n ta l p r e d ie t io n s w it h te s t s
,

th e 20 d e e ad e 一 t o
一

d e e a d e fo r e e a s t s w e r e

e a r r ie d o u t in t h e id e n t i e a l e o n d it io n s o f t he m o d e l s t r u e t u r e
,

in P u t
,

o u tPu t
,

n u m b e r o f

h id d e n n o d e s a n d e o n v e r g e n e e e r r o r ( w hi e h a r e s im ila r to t h o s e fo r o p e r a t io n a l

fo re e a s tin g ) re s u lt in g in a p p li e a b ilit y o f a ll th e fo r e e a s t s a s s u g g e s t e d in T a b le 1 a s r e g a r d s

t he e r r o r v a r ia t io n
.

T o m a k e fu r t he r e x a m in a t io n o f t h e p r o g n o s ti e m o d e l
,

w e m a d e

p r e d i e t io n s a t 2 a n d 3 d e e ad e s in a d v a n e e (o r tw o 一 a n d t hr e e 一 s t e Pw is e )
,

r e sP e e tiv e ly
,

fo r
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the 2 0 fo r e e a s t s (s e e th e e o r r e s p o n d in g p a r t s o f T a b le l)
.

E r r o r a n a lys e s sho w tha t th e ir

a c e u r a ey 15 e q u a lly d e s ir a ble a n d th e m e a n r e la t iv e e r r o r (M R E ) 15 9
.

1 % (9
.

4 % ) fo r th e

tw o 一

(thr e e 一

) s t e Pw is e p r e d ie t io n s
,

v e r y e lo s e t o the o n e 一 s t e p w is e r e s u lt
,

a fa e t tha t o ffe r s

b a s is fo r p r e p a r in g b e tt e r e o n s e n s u s fo r e e a s ts
.

In a d d it io n
,

s in e e the p r e s e n te d m o d e l o f m ix e d typ e 15 a n a t te m p t a n d 5 0 15 the

r e aliz a t io n o f n o n lin e a r m a p p in g fr o m in p u t to o u t p u t w ith the a id o f th e B P n e tw o r k
,

t o

e x a m in e if th e e ale u la t io n s e he m e 15 s u p e r io r t o the tr a d it io n al o n e b e e o m e s a n im P o r t a n t

a s p e e t in v e r ifyin g th e q u a lity o f th e d e v e lo p e d m o d el
.

Fo r th is r e a s o n
,

fo r the in p u t

m a tr ix o f th e B P n e tw o r k
,

the e x p e e t e d o u t p u t 15 ta k e n a s a p r ed ie t a n d a n d th e o th e r 7

e o lu m n s a s p r e d ie to r s to e s ta b lish a p r o g n o s t ie m o d e l r e g r e s siv ely
,

th e fir s t e q u a t io n 15

th e n o b t a in e d

夕
,

一 0
.

1 2 3 一 0
.

0 4 1 3x l
一 0

.

0 1 llx :
一 0

.

0 3 7 3x
:
一 0

.

0 9 9 6x 4

一 0
.

14 7 9x :
一 0

.

1 2 3 7x
6
一 0

.

6 8 7 1x 7 ,

(3 7 )

w ith N = 1 1 2 a n d th e e o m Ple x e o r r e la t io n e o e ffie ie n t o f 0
.

8 2 8 4
.

O n th is b a sis th e

Pr e d ie tio n 15 m a d e fo r the n e x t d e e a d e (N = 1 13 )
.

T o o bje e tiv e ly e o m Pa r e
,

fo r e e a s ts a n d

t e s t s w e r e e o n d u e t e d in a sim ila r w a y to tha t in M ieh a e ls a n d G e r z o ff (1 9 8 4 )
.

T ha t 15
,

a ft e r a fo r e e a s t 15 m a d e fo r the s u b s e q u e n t d e e a d e b y th e n e w ly
一

fo r m e d p r o g n o s t ie

e q u a t io n
,

o bs e r v a t io n s fo r th is d e e a d e a r e P u t in t o the s a m Ple s e t to b u ild u P a n o the r

s u bs e q u e n t d e e a d e a n d 5 0 o n
,

a lt o g e the r 2 0 e q u a t io n s a r e e o n s t r u e t ed
,

th e s e a r e u s ed fo r

the p e r io d in s p r in g 一 s u m m e r 1 9 9 5
,

w ith th e a e e u r a e y s h o w n in T a b le 2
.

E r r o r a n a ly s e s

in d ic a t e the s t e a d y v a r ia tio n in the e o m Ple x e o r r e la t io n e o effie ie n t (R ) o f the s e

介bl e 2
.

T e s t o f R e g re s s io n 一

De
r iv e d S H Fo r e c a s ts

N o
.

o bs e r v a tio n

1 9
.

7 4

1 8
.

6 2

1 5
.

4 2

Pr ed ie tio n

2 0
.

1 2

2 0
.

1 7

1 9
.

1 9

1 6
.

7 4

1 6
.

6 7

1 6
.

3 3

1 5
.

9 5

1 7
.

1 6

1 7
.

2 2

1 6
.

8 5

1 9
.

5 3

1 7
.

1 5

2 0
.

5 4

R E
任

一 0
.

0 1 9

一 0
.

0 8 3

一 0
.

2 4 5

一 0
.

0 4 6

一 0
.

0 4 3

一 0
.

0 9 0

0
.

0 4 1

一 0
.

0 3 1

一 0
.

0 9 7

0
.

1 5 1

一 0
.

2 1 9

0
.

1 7 6

0
.

0 0 4

0
.

2 0 3

0
.

0 7 1

0
.

1 2 9

一 0
.

0 4 5

一 0
.

0 6 5

一 0
.

0 0 2

一 0
.

1 7 0

0
.

0 9 7

C C

0
.

8 2 8 4

0
.

8 2 8 7

0
.

8 2 8 8

0
.

8 2 7 9

0
.

8 3 1 0

0
.

8 3 3 9

0
.

8 3 7 4

0
.

8 3 9 4

0
,

84 1 3

0
.

8 4 3 4

0
.

8 4 0 8

0
.

8 3 9 7

0
.

8 3 5 8

0
.

8 3 5 8

0
.

8 3 0 3

0
.

8 3 2 0

0
.

8 3 4 6

0
.

8 3 7 7

0
.

8 3 9 1

0
.

8 4 1 1

九

1 1 0

1 1 1

1 1 2

1 1 3

1 1 4

1 1 5

1 1 6

1 1 7

1 1 8

1 1 9

1 2 0

1 2 1

1 2 2

1 2 3

1 2 4

1 2 5

1 2 6

1 2 7

1 2 8

1 2 9
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力l e a n

R E = r e la t io n e r r o r ; ‘ 份

CC = c o r r e la t io n c o e ffic ie n t



3 7 2 A CT A M E T EO R O LO G IC A S IN IC A V o l
.

1 1

p r o g n o s t ie e q u a t io n s be e a u s e o f a lo n g s a m p le le n g th fo r th e r e g r e s s io n fo r m u la e
.

T e s t o f

the r e g r e s sio n s sh o w s h ig he r Sig n ifie a n e e le v e l
.

In s p e e t io n o f T a ble s 1 a n d 2 a s r e g a r d s the

e o r r e s p o n d in g e r r o r s r e v e a ls th e e o n sid e r a ble a d v a n ta g e o f A N N
一

yield e d a c e u r a ey o v e r the

r e g r e s sio n 一

g iv e n a e e u r a ey (r e la t iv e e r ro r o f 8
.

3 % v e r s u s 9
.

7 % )
.

A ls o
,

it 15 fo u n d tha t fo r

a ll the e x p e r im e n ta l fo r e e a s t s the a e e u r a ey fo r th e P r ed ie te d m a x im a a n d m in im a 15 a lo t

h ig he r
.

T h u s
,

o u r e x p e r im e n t p ro v id e s a n ew w a y t o r a is e a e e u r a ey
,

a ha r d n u t to e r a ek

fo r t r a d it io n a l s t a t is tie a l fo r e e a s tin g
.

T a b le 3
.

V e rifie a tio n o f Is s u e d SH Fo r e e a st s fo r th e S o w in g a n d G r o w th S ta g e s o f W in t e r
W h e a t

n g (O
e t o b e r 1 9 9 5 )

T im e s Pa n

Pr e d ie tio n fo r th e so w i

A N N

O b s e r v at io n Pr e d ie tio n
R E

R e g re s sio n

Pre d ie tio n R E
.

lst d e e
.

Zn d d e e
.

In e an

2 5
.

1 4

2 4
.

2 2

2 4
.

1 4

2 5
.

1 0

0
.

0 4 0

一 0
.

0 3 6

2 1
.

8 3

28
.

3 9

0
.

0 3 8

0
.

1 3 1

0
.

0 3 4

0
.

8 25

Pr ed ie tio n fo r th e g r o w th (J a n u a r y一M
a y

,

A N N

O b s e r v a tio n Pre d ie tio n R E
.

1 9 9 6 )

T im e s P a n

R e g re s s io n

Pr e d ie tio n R E
朴

�勺Q甘月性O自八j连
‘000乙�U内bl二,O,1no叮了口氏�/

,
上丹bJ住�0.月任八0Q.丹匕0.0.8.8.7.9.9.L7.5.6.6.6.O自,�11,11111

, .立O乙11111111,1

l s t d e c
.

Ja n
.

Zn d d e e
.

Ja n
.

3 rd d e e .

Ja n
.

l s t d e e
.

F e b
.

Zn d d e e
.

Fe b
.

3 r d d e e
.

Fe b
.

ls t d e e
.

M
a r

.

Zn d d e e .

M
a r

.

3 rd d e e
.

M
a r .

l s t d e c
.

A P r
.

Zn d d e e
.

A P r
.

3 rd d e e
.

A Pr
.

ls t d e e
.

M
a y

Zn d d e e
.

M
a y

3 r d d e e
.

M
a y

1l l e 8 n

2 0
.

7 8

1 9
.

1 6

2 0
.

1 2

1 8
.

0 2

1 7
.

9 4

1 7
.

3 8

1 9
.

6 8

1 9
.

3 2

2 1
.

5 6

1 5 5 8

1 4
.

5 8

1 6
.

1 0

1 6
.

5 2

1 5
.

6 6

1 4
.

9 2

1 8
.

6 7

1 9
.

1 6

2 0
.

2 5

1 9
.

0 9

1 7
.

9 4

1 7
.

5 8

1 8
.

4 2

1 8
.

5 8

1 9
.

7 0

2 2
.

1 4

1 8
.

23

1 4
.

3 6

1 6
.

2 3

1 5
.

6 9

1 6
.

2 7

一 0
.

1 0 1 5

0
.

0 0 0 0

0
.

0 0 6 7

0
.

0 5 9 6

0
.

0 0 0 2

0
.

0 1 1 6

一 0
.

0 6 4 0

一 0
.

0 3 8 1

一 0
.

0 8 6 4

0
.

4 2 0 9

0
.

2 5 0 2

一 0
.

1 0 84

一 0
.

0 1 7 6

0
.

0 0 2 1

0
.

0 9 0 7

0
.

8 3 8 6

1 9
.

8 4

2 0
.

4 9

一 0
.

0 4 5 2

0
.

0 6 9 5

一 0
.

0 0 3 4

0
.

1 1 4 8

0
.

0 4 4 6

0
,

0 6 5 5

一 0
.

0 9 9 2

一 0
.

0 0 9 3

一 0
.

0 8 7 4

0
.

3 7 4 9

0
.

2 2 7 6

一 0
.

0 39 8

一 0
.

0 1 2 8

0
.

0 8 2 5

0
.

1 1 3 2

0
.

9 2 6 6

书

R E m e a n s r e la t io n e r r o r

T o e o m P a r e t h e a e e u r a e y fr o m t he t w o m e t ho d s w e u s e (3 5 ) t o e a le u la t e

C
2

S S E
:
一 S S E

Z

S S E
s

1 2 0
.

8 8 一 1 0 4
.

7 4

12 0
.

8 8
一 13. 3 % (3 8)

w he r e S S E
3
d e n o t e s th e r e s id u a l s u m o f s q u a r e s fo r t h e r e g r e s s io n s e h e m e

.

R e s u lts s ho w

t ha t t he a e e u r a e y g iv e n b y t h e d e v e lo p e d m o d e l 15 1 3
.

3 % hig h e r th a n t ha t fro m t he

r e g r e s s io n fo r e e a s t s d u e m a in ly t o t he fa e t t h a t th e s tu dy s y s t e m 15 n o t d e fin ite ly a lin e a r

e n t ity
.

C o n s id e re d in t h e m ix e d m o d e l 15 n o t iu s t t he e v o lu tio n o f t h e s ys te m it s e lf bu t t h e

r o le o f e x te r n a l p hys i e a l p r o e e s s e s a s w e ll a n d t he s e in t e g r a te d e ffe e t s a r e r e v e ale d t h r o u g h

n o n lin e a r m ap p in g
,

w h ie h 15 a ble to b e t te r d e s e r ib e t he s u b s t a n t ia l r e la t io n in s id e th a n t he

lin e a r t e e hn iq u e
.

W it h t he m ix e d m o d e l a S H fo re e a s t w a s m a d e fo r th e d e e a d e s o f O e to b e r



N 0
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3 M IX E D MO D E L O F N E U R A L N E T W O R K FO R PR E D IC T IO N 3 7 3

1 9 9 5 (s o w in g p e r io d fo r w in te r w he a t )
,

a n d the fo r e e a s t 5 0 11 h u m id ity fo r w in t e r w he a t

g r o w th (J a n u a r y th ro u g h M a y
,

1 9 9 6 ) w a s g o o d (T ab le 3 )
,

w ith the A N N p r ed ie tio n fo r

s o w in g o f 3
.

8 % fo r m e a n r e la t iv e e r r o r (p r e d ie tio n m in u s m e a s u r e m e n t ) e o m p a r ed t o

e o r r e s p o n d in g 8
.

2 8 % g iv e n b y the r e g r e s sio n fo r th e fir s t tw o d e e a d e s o f O e t o b e r
,

1 9 9 5
.

T his p r o v id e d a s o u n d ba s is fo r fa r m e r s in th e ir a e tio n o f s u p p lyin g w a t e r fo r the s o w e d

e r o p
.

A ls o
,

th e Ja n u a r y一M a y 1 9 9 6 (to ta l o f 1 5 d e e a d e s ) h u m id ity p r e d ie t io n s s ho w th a t

the A N N a p p r o ae h yie ld e d
,

o n a v e r a g e
,

r e la tiv e e r r o r o f 8
.

3 8 %
v e r s u s 9

.

2 6 % fr o m th e

r e g r e s sio n
,

a r e s u lt th a t w a s e lo s e to tha t fr o m e x p e r im e n t s w ith 2 0 in d e p e n d e n t s a m p le s

(8
.

3 %
v s 9

.

7 % )
.

T h is d e m o n s t r a te s th a t th e d e v elo p e d m o d e l e a n p r o v id e a n e ffe e t iv e

s e r v ie e fo r d r o u g ht p r e v e n tio n / e o m b a t a n d w a t e r r e s o u r e e m a n a g e m e n t in a g r ie u lt u ra l

o p e r a t io n s
,

th e m o d el e a n a ls o g iv e m o r e s t a ble a n d a d v a n t a g e o u s d r yn e s s / w e tn e s s

p r o g n o sis a s w e ll
.

N o n e th e le s s
,

th e p r e s e n t s tu dy 15 e o n fin e d t o th e e o m p a r is o n o f r e s u lt s

be tw e e n A N N a n d r e g r e s sio n te e hn iq u e s
,

a n d fu r the r e x p lo r a t io n 15 n e e d e d t o r e v e a l th e

d iffe r e n e e be tw e e n A N N a n d E D A (e x p lo r a tio n d a t e a n a lys is ) w ith in a n o n lin e a r

fr am ew o rk
.

IV
.

C ON C L U D IN G R E MA R K S

Be
e a u s e o f th e le n g th lim it a t io n o f th e e o n tin u o u s SH m e a s u r e m e n t s

,

n o e ale u la tio n 15

p e rfo r m ed o f the e ha o s in d ie e s (e
.

9
. ,

in e id e n e e d im e n sio n a n d L ya p u n o v e x p o n e n t ) in

d e s ig n in g th e p r o g n o s t ie m o d e l 5 0 tha t n o s t u d y w a s m a d e o f th e d im e n s io n o f its

“a t t r a e tiv e s ys t em
. a n d n o fu lle r a r g u m e n t s a r e g iv e n in d efin in g th e d im e n s io n fo r m o d e l

e s ta b lis h m e n t
.

E v id e n tly
,

a h ig h
一

q u a lity m o d el d e p e n d s s u b s t a n tially o n a ll o f th e

e o n sid e r ed fa e t o r s r ela t e d t o th e Pr e d ie ta n d
’5 fu t u r e s t a te

.

F o r th is r e a s o n
,

r a in fa ll a n d

in s o la t io n d u r a t io n a r e in e lu d e d in m o d el (5 )
.

W ill the fo r e e a s t a e e u r a ey b e im p r o v e d if

o th e r e o n tr ib u t in g m e t e o r o lo g ic a l fa e t o r s
,

d y n a m ie a n d th e r m a l
,

a r e in v o lv e d ? T h is is a

p r o ble m th a t r e m a in s t o b e in v e s tig a te d
.

R E FE R E N C E S

Ji
n L o n g a n d L u o Yin g (1 9 9 2 )

,

S tu dy o f a e o m p u ta tio n m 已t ho d fo r d r o u g h t in d e x a n d its a p p liea t io n
,

J
.

刀泛njl
n g In st

.

八介 teor
. ,

1 5 : 5 8 4 一 5 9 0 (i n C h in e se )
.

Jin L o n g
,

L u o Yin g a n d Y u a n C h e n g so n g ( 1 9 9 6 )
,

A n im p o r t a n t m e t ho d t o flig h t a n d r e lie v e

a g r o m e te o r o lo g ie a l d r o u g h t d a m a g e s
,

J
.

N
口

林
n g U n fv

. ,

3 2 : 1 4 9 一 1 55 (i n C h in e s e )
.

Le e
,

K
.

Y
. ,

C h a
,

Y
.

T
.

a n d Pa r k
,

J
.

H
.

(1 9 9 2 )
,

S h o rt 一te rm lo a d fo re e a s tin g u s in g the a r t ifie ia l n e u r a l

n e tw o r k s
,

IE E E T ra
, sa c tio n s o n P

~
r

Sy
ste m

,

7 : 12 4 一 1 32
.

M ieh a e ls P
.

J
.

a n d G e r z o ff
,

R
.

B
.

(1 9 8 4 )
,

S ta tis tiea l r ela tio n s b e tw e e n s u m m e r th u n d e r st o rm p a tte r n s

a n d e o n tin e n ta l m id tr o p o s p he r ie h e ig h ts
,

材
。n

.

W
e a

.

R ev
. ,

1 1 2 : 7 7 8 一 7 8 9
.

Y in Y
.

Y
. ,

X u X
.

M
. ,

(1 9 9 1 ) A p plyin g n e u r a l n e tw o rk t ee h n o lo g y fo r m u ltio b j
e e tiv e la n d u s e

p la n n in g
,

J
.

E n v iro
n m e ”t M

a ” a

岁m en t
,

3 2 : 3 1 9一 3 5 6
.

Z h a n g
,

5
.

P
. ,

W
a ta n a b le

,

H
.

a n d Y a m a d a
,

R
.

(1 9 9 3 )
,

Pr e diet io n o f d a ily w a t e r d e m a n d s b y n e u r a l

n e tw o r k s
,

Pro
c

.

In te o
a tio n a l Co

刀
j砂re

n c 。 o n S ta tistic a l 凡份thDd
, in 几冬d ro lo gy

a n d E n v iro
n m en ta l

E 月 g in e eri n g h e
ld

a t
伽

ta ri o
,

C a n a d a
,

PP
.

21 7 一 2 2 7
.

Zh o u
Ji

a b in a n d H u a n g Ji
a y o u (1 9 9 0 )

,

S ta tu s o f fo r ee a s tin g m e th o d s o f d r o u g h t a n d flo o d Th
e

Cl im a r

olo g ica l R ese a rc h of L卜o u g ht a ” d F IO O d
,

C h in a
M

e te o r
.

Pr e ss
,

B e ijin g
,

下p
.

1 3 4 一 14 2 (in

Ch in e s e )
·


