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v盯 la ble s
.

M a n y s t u d 一e s h a v e sh o w n th a t Ia n d s u r fa e e Pr o e e s s e s Pla y a n im Po r ta n t ro le

w ithln the elim a t e sys te rn (W o o d 1 9 9 1 ; L in e t a l
.

1 9 9 6 )
,

A s a s ig n ifie a n t e o m p o n e n t o f

la n d
s u r fa e e p r o e e s s e s

.

h yd r o lo g ie a l p r o e e s s e s in te r a e t s t r o n g ly w it h the e lirn a te
,

1
.

e
.

b e in g s u bje e t to th e elim a t e eh a n g e a s w e ll a s fe e d in g b a e k t o th e elim a t e
.

T h e e o u p lin g o f

h yd r o lo g ie a l m o d el w ith t h e a t m o s p h e r ie m o d e l w o u ld 一m p r o v e th e m o d e l p e r fo r m a n e e in

t h e s im u la t io n a n d p r e d ie t io n by m o r e a e e u r a t e d e s e r lPt io n o f la n d s u r fa e e p r o e e s s e s
.

T r a d it io n a lly
,

h yd r o lo g ie a l m o d e ls a r e e a t e g o r iz e d in t o t h e s t a tis rie a l
.

p h y s ie a l
,

a n d

e o n e e p t u a l m o d e ls
.

T h e p h y s 一e a l m o d e l fo e u s e s o n d e s e r ibin g the Phy s ie a l P r o e e s s e s
,

b u t

1im ite d in p r a e t ie a l u s e d u e to the sh o r t a g e o f d e ta ile d d a t a
.

W hile the e o n e e Pt u a l m o d el

rn a y ha v e a m o r e e m Pir ie a l a PPr o a eh b a s e d o n v a r ia ble Pa r a m e t e r s w ith o n ly lim ited

r ela t io n sh ip s b e t w e e n m o d e l P a r a m e t e r s a n d e o n d it io n s In the b a s in
.

H e n e e
,

the

e o n e e p t u a l rn o d e l 15 m o r e a p p r o p r ia te fo r a p p lie a tio n s a t la r g e r s e a le s (B e e k e r 1 99 2 )
.

C u r r e n t ly
,

n u m e r o u s e o n e e p tu a l h yd r o lo g ie a l m o d e ls b a s e d o n w a t e r b a la n e e ha v e b e e n

d e v e lo p e d fo r t he s im u la tio n o f s tr e a m flo w p a t t e r n s o v e r la r g e b a s in s fo r r e s o u re e

e s tim a t io n p u r P o s e s
,

e
.

名
.

H B V m o d e l (V e hv ila in e n a n d H u u t u n e n 1 9 9 7 )
,

S LU R P m o d el

(K ite 1 9 9 7 )
.

M a e r o 一

P D M m o d e l (A r n e ll 1 9 9 9 )
.

T h e V IC m o d e l ha s b e e n d e v e lo p e d in a

s e r ie s o f a r t ie le s (W o o d e t a l
.

1 9 9 2 : L ia n g e t a l
.

1 9 9 4 : Lia n g a n d X ie 2 0 0 1)
.

T he in itial

m o t iv a t io n fo r t h e d e v e lo p m e n t o f th e m o d e l w a s t o irn p r o v e th e r e p r e s e n t a t io n o f la n d

s u r fa e e P r o e e s s e s w ithin a tm o s p he r ie m o d e ls
,

m o re r e e e n tly this m o d el ha s b e e n u s e d to

5 irn u la t e e o n tin e n t a l
一 s e a le r iv e r b a s in d y n a m ie s (A b d u lla e t a l

.

1 9 9 6 : N iis s e n e t a l
.

1 9 9 7)
.

T h e X xn ’a n jia n g M o d el (Z h a o 1 9 9 2 ) h a s b e e n p r o v e n to b e a n effe e t iv e e o n e e p tu al

m o d el
,

w hie h 15 d e v e lo p e d o n t h e b a s is o f n u m e r o u s p r a e t ie a l w o r
k o f s to r m

一

flo o d

fo r e e a s t in g
.

It e o n s id e r s th e n o n 一 u n ifo r m ity o f d is t r ib u t io n o f r a in fa ll a n d u n d e r lyin g

e o n d it io n s w ith s o m e fe a t u r e s o f d is t r ib u t e d m o d e l
.

T h e X in
’a n jia n g M o d el p r o v id e s a

p a r a m e t e r lz a tio n s eh e rn e fo r lu m p in g
.

w h ie h
r e e e n tly 15 e o n s id e r e d a s a s im p le a n d

e ffe e t iv e s p a t ia l p a r a m e te r iz a t io n m e tho d fo r u s e in t he m a e r o s e a le h y d r o lo g ie a l m o d elin g

(W
o o d e t a l

.

1 9 9 2 : T o d in i a n d D u m e n il 1 9 9 2 )
.

In t h is a r t ie le
,

th e X in
’a n jia n g M o d e l 15 u s e d a s th e b a s ie m o d e l t o d e v e lo p a g r id

-

b a s e d m a e r o s e a le h yd r o lo g ie a l m o d e l fo r t h e p u r p o s e o f e x p lo r in g t h e s e n s itlv it y o f w a te r

r e s o u r e e s t o elim a t e e ha n g e
.

T h e w a t e r sh e d e ho s e n fo r a n a lys is 15 the H u a ih e R iv e r B a s ln

in C h in a
.

In Se e tio n 11
,

w e d i
s e u s s s o m e is s u e s r ela te d t o the g r id

一

b a s e d h yd r o lo g ie al

m o d e l
.

T h e n w e d e s e r ib e s o m e a p p lie a t io n s o f t he X in
’a n jia n g m o n t hly

一

d is t r ib u te d

h yd r o lo g ie a l m o d e l in th e H u a ih e R iv e r B a s in
.

D u e to th e in e r e a s e o f t im e in t e r v a l a n d

d e e r e a s e o f p r e e ip it a t io n in t e n s it y w it hin a rn o n th
,

n o m o n t h ly r u n o ff in s o m e g r 一d d e d e e lls

a p p e a r s fo r t h e X in
’a n jia n g m o n t h ly m o d e l a p p lie d t o t he H u a ihe R iv e r B a s in

.

In S e e t io n

111
.

w e p r e s e n t th e r e s u lt s fo r the X in
’a n jia n g M o d e l w ith a d a ily t im e s te p w ; th m o n t hly

d a ta
.

T w o m e t ho d s o f d o w n s e a lin g o f p r e e ip it a t io n fr o m m o n thly to d a ily r e s o lu t lo n a re

e o n s id e r e d a n d t he m o d e l r e s u lt s a r e e o m p a r e d
.

F in a lly
,

w e g iv e s o m e e o n e lu s io n s a n d

d is e u s s lo n s fo r t he m o d e l
.
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1 5
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16

d a t a
.

T h e v a lu e s o f th e p o te n t ia l e v a p o r a t io n a r e m a in ly d o m in a t e d b y th e e lim a t ie

e o n d it io n s
,

s u eh a s te m p e r a t u r e a n d m o is tu r e
,

w h ieh v a r y w ith ele v a t io n a n d la titu de
.

H o w e v e r th e r e a r e n o p a n 一

b a s e d e v a p o r a tio n d a t a w he n s tu d y in g th e e ffe e t s o f fu t u re

e lim a t e e ha n g e o n w a t e r r e s o u r e e s
.

T hu s a n e v a p o r a t io n e s t im a t io n m o d e l s ho u ld b e b u ilt

in s te a d o f p a n 一

b a s e d d a t a fo r the X in
’a n iia n g g r id

一

b a s e d h yd r o lo g ie a l m o d e l
.

A fe a s ible

w a y 15 to m a k e u s e o f m e t e o r o lo g ie a l ele m e n t s
,

s u eh a s p r e e iPit a t io n
,

a ir t e m p e r a t u r e
,

w in d v e lo e ity
,

a ir p r e s s u r e
,

r a d ia t io n
,

e te
. ,

w h ie h e o u ld b e p r e d ie t ed by G CM (G e n e r al

C ir e u la t io n M o d e l)
.

T he r e a r e v a r io u s k in d s o f em p ir ie a l a n d p h ys ie a l m o d e ls to e s tim a t e th e p o t e n tial

e v a Po r a tio n
.

A n em Pir ie a l m o d el 15 e a s ily u s e d bu t sh o r t o f Ph ys ie a l m e e ha n ism
,

h o w e v e r

a p hy sie a l m o d e l 15 u s u a lly a p p lie d o n ly to the sm a ll s e a le o f p ilo t a r e a b e e a u s e o f the la ek

o f o b s e r v a tio n a l d a t a
.

In th is s tu d y
,

th e e m p irie a l a p p r o a eh 15 a d o p te d fo r it s s im p lie it y
,

a n d th e fu n d a m e n t a l fa e t o r d e t e r m in in g th e p o t e n t ia l e v a p o r a t io n 15 th e e n e r g y th a t e o m e s

fr o m s o la r r a d ia tio n
.

G e n e r a lly s p e a kin g
,

th e m o n th ly m e a n e v a p o r a t io n 15 p r o p o r t io n a l to

the m o n th ly m e a n a ir
‘
t e m p e r a t u r e

.

T h e r e fo r e
,

t e m Pe r a t u r e 15 e o n s id e r e d a s th e m a in

fa e to r in th e e s t ab lish m e n t o f e rn p irie a l e v a p o r a t io n fo r m u la
.

In th e s t u d y o f m o n th ly

hy d r o lo g ie a l m o d e l
,

a p o t e n t ia l e v a p o r a t io n fo r m u la 15 e s t a blis he d
,

1
.

e
.

E 一 A l X T + B l ,

(2 )

w he r e E 15 m o n th ly p o t e n t ia l e v a p o r a tio n ; T r e fe r s t o m o n th ly m e a n a ir t e m p e r a t u r e : A l

a n d B
l a r e e o e ffie ie n t s r e sPe e t iv e ly

.

111
.

A PPL IC A T IO N OF T H E X IN
’

A N JIA N G MO N T H L Y H Y D R O L O G IC A L M O D E L

M o n thly hy d r o lo g ie a l m o d e l 15 e o n s id e r e d to b e a u s e fu l a n d in d is p e n s a b le to o l in

a s s e s s in g th e effe e t o f elim a t e eh a n g e o n w a t e r r e s o u r e e s o v e r a la r g e g e o g r a p h ie d o m a in

(e
.

9
. ,

G le ie k 1 9 8 6 ; A r n e ll 1 9 9 2 : M o h s e n i a n d S te fa n 1 9 9 8 )
.

In th is s t u d y
,

the

X in
’a n iia n g m o n th ly h yd r o lo g ie a l m o d e l (L iu 1 9 9 3 ) 15 u s e d a s th e b a sie m o d e l t o d e v e lo p a

g r id
一

b a s e d h yd ro lo g ie al m o d el
.

T he H u a ih e R iv e r B a s in w ith the a r e a o f 2 7 0 0 0 0 k m
Z 15

s e le e t e d a s th e r e s e a r eh a r e a
.

A 3 0 k m X 3 0 k m s q u a r e d
一

g r id is a d o p t e d a n d e o m b in e d w ith

d r a in a g e n e tw o r k
.

T h e r e a r e t o t a lly 3 4 1 g r id e e lls
.

T he in p u t s t o th e m o d e l a r e P
,

the

m e a s u r e d m o n th ly m e a n r a in fa ll d e p th o n s u b
一

b a s in s
,

a n d E
,

th e m e a s u r e d e v a p o r a t io n in

t h e s a m e t im e s te p
.

T h e o u t p u t s a r e the m o n thly d is eh a r g e fr o m e a e h s u b
一

b a s in a n d f犷。爪

t he w ho le b a s in
,

a n d the a e tu a l e v a p o t r a n s p ir a t io n fr o m the w ho le b a s in
.

T h e s t a te

v a r ia ble s a r e the t e n s io n w a t e r s t o r a g e th e fr e e w a t e r s t o r a g e
,

a n d g e n e r a t e d r u n o ff
.

T he

d a t a s e r ie s fo r e a lib r a tio n a n d v alid a tio n e o m Pr is e 3 3
一
y e a r (1 9 5 3 一 1 9 8 5 ) m o n th ly

hy d r o lo g ie a l d a t a fr o m t h e w h o le H u a ihe R iv e r B a s in
,

in e lu d in g o b s e r v e d p r e e ip it a t io n
,

a ir

t em Pe r a t u r e
,

a n d s t r e a m flo w
.

T he s e th r e e typ e s o f d a t a e o m e fr o m 2 1 0 p r e e iPit a t io n

s t a t io n s
,

2 9 e v a p o r a tio n s t a t io n s
,

a n d 3 6 s tr e a m flo w e o n t ro l s t a tio n s
,

r e s p e e t iv e ly
.

Fo r the v a lid a tio n o f the g r id
一

b a s e d m o n th ly h yd r o lo g ie a l m o d e l
,

the H u a ih e R iv e r

B a s in 15 d iv id e d in t o 1 7 s u b
一a r e a s

,

in w h ie h 1 5 s u b
一 a r e a s ha v e m o n th ly

一 o b s e r v e d d is eh a r g e

d a t a
.

W ith r e g a r d t o th e tw o u n g a u g e d s u b
一 a r e a s

,

t he m o d e l p a r a m e t e r s a r e t r a n s p la n t e d

fr o m the g a u g e d s u b
一 a r e a s

.

T h e m o d e l 15 r u n in tw o d iffe r e n t s it u a t io n s r e s p e e t iv ely
,

1
.

e
. ,

A
.

C a lib r a t e d p a r a m e te r s a r e d ir e e tly u s e d in g r id
一

b a s e d h yd r o lo g ie a l m o d el
,

a n d t he

v a lu e s o b s e r v e d by e v a Po r a t io n p a n a r e ta k e n a s p o t e n t ia l e v a p o r a tio n ;
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1
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O b s e r v e d a n d s in lu la t e d a v e r a g e m o n t h ly d l s e h a r g e s in y e a r s fr o m 1 9 5 3 t o 1 9 8 5 a t L u ra 一2 1 w it h

t h e e o n t r o l a r e a o f 9 1 6 2 () k m 2
.

I V
.

A PP L IC A T IO N O F PR EC IP I T A T IO N D O W N S C A L IN G M E T H O D S

1
.

P r o ble 。, 5 1, , th e
X i、

’a , , 少i a n g M
口n th匀

,

了乃d r o lo g ic a l M
o d e l

In S e e t io n s 11 a n d 111
.

t he X i n
’a n zia n g M o d e l w a s u s e d a s t h e b a s le m o d e l t o d e v e lo p a

rn o n t hly g r id
一

b a s e d m a e r o s e a le h yd r o lo g i e a l m o d e l
.

T he m o n t hly d is e h a r g e o f t h e 1 7 s u b
-

b a s in s i n t h e H u a ihe R iv e r B a s i n fr o m 1 9 5 3 t h r o u g h 1 9 8 5 w a s s im u la t e d
.

T ho u g h rn o s t o f

t h e s im u la t e d r e s u lt s a g r e e w e ll w it h t h e o b s e r v e d d a t a
.

s o m e Pr o ble m s e x ls t i n the

m o n th ly h yd r o lo g ie a l m o d e l
.

s u e h a s t h e r u n o ff p r o d u e t i o n
.

w hl e h m a y b e a s e r lb e d t o the

m o n th ly t lm e s t e p fo r t ho m o d e l in t e g r a t io n
.

A e e o r d i n g to t h e a s s u m p t io n s i n t h e X in
’a n ila n g M o d e l

.

r u n o ff g e n e r a t e s o n ly w he n

P 一 E > o
,

w h e r e P 15 p r e e ip lt a t io n a n d E 15 p o t e n t ia l e v a p o r a t io n
.

F o r e x a m p le
.

t h e r e ls a

m o n t h w i t h o n ly o n e r a ln y d a y w 一t h t h e r a ln fa ll m a g n it u d e o f 5 0 m m
,

a n d t h e m o n t hly

p o t e n t ia l e v a p o r a t 一o n 15 3 0 0 m m
: th e n t h e d a ily a v e ra g e p o t e n t ia l e v a p o r a t lo n 15 1 0 m m

.

W h e n t h e m o d e l 1 5 r u n a t d a ily t lm e s t e p
,

th e e ffe e t iv e r a ln fa ll 15 4 0 m m ( 5 0一 1 0 = 4 0 > O)
.

t h e n t h e r u n o ff e a n b e g e n e r a t e d
.

B u t if t he m o d e l 1 5 ru n a t m o n th ly t im e s t e p
,

t h e n P 一 E

= 5 0 一 3 0 0 < 0
,

a n d t h e r e w ill b e n o s im u la t e d r u n o ff
.

w h le h x s o b v io u s ly u n r e a li s t le
.

T hls

I n d ie a t e s th a t t h e z n e r e a s i n g o f t h e t im e s t e p m a y r e d u e e th e a e e u r a e y o f t h e r e p r e s e n t a tlo n

o f t h e d a ily p r o e e s s e s
,

w h ic h w ill le a d t o t h e u n r e a lis t l e z e r o r u n o ff in s o m e n lo d e l g r id

e e lls w h e n t h e m o n t h ly h yd r o lo g i e a l m o d e l 15 a PPlle d t o t h e H u a lh e R lv e r B a s in
.

F ig u r e Z

s h o w s t he g r 一d d e d p r e e ip lt a t io n in t h e H u a ih e R iv e r B a s i n i n O e t o b e r 1 9 5 3 a n d Flg
.

3 the

g r id d e d r u n o ff
s im u la t e d by th e m o n t h ly hy d r o lo g i e a l m o d e l a t th e s a m e t im e

.

W e e a n fi n d

th a t t h e r e 15 n o r u n o ff I n t h e rn o s t g r id e e lls fo r t h e m o d e l s 一m u la t io n e v e n p r e e 一p i t a t lo n

e X I S t S
。

T h e b e t t e r w a y t o s o lv e t h e a b o v e p r o b le m 1
5 t o r u n t h e m o d e l a t a d a lly t im e s t e p
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Fig
.

3 D is t r ib u tio n o f th e sim u la t e d r u n o ff by th e m o n t hly h yd r o lo g ie a l m o d e l in the H u a ih e R iv e r

B a sin in O e t o b e r 1 9 5 3
.

w ith d a ily in p u t
.

U n fo r t u n a t ely
,

in m o s t e a s e s
,

o n ly m o n th ly
一o b s e rv e d a v e r a g e d a ta a r e

av a ila ble
,

a n d th is tn a y s u g g e s t the n e e d o f th e d o w n s e a lin g o f m o n thly d a t a t o d a ily tim e

。e ale
.

In th is s t u d y
.

th e X ln ’a n jla n g M o d e l 15 r u n a t d a ily t im e s t e p w it h m o n th ly d a t a
、
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1 6

ofbea n d the m o d el o u t p u t 15

m o n th ly P r e e iPit a t io n to

e o m Pa r e d
.

w ith m o n thly r e s o lu tio n
,

a n d tw o m e tho d s o f d o w n s e a lin g

d a ily r e s o lu t io n a r e e o n s id e r e d a n d the m o d e l r e s u lts w ill

2
.

D a ta a n d M七th o d s

T h e m o n th ly p r e e iPit a t io n d a ta fo r 3 3 ye a r s (1 9 5 3 一 1 9 8 5 ) fr o m 2 1 0 r a in fa ll s t a tio n s
.

a n d d a ily p r e e ip it a t io n d a t a fo r 6 ye a r s (1 9 8 0 一 1 9 8 5 ) fr o m 4 3 0 r a in fa ll s t a tio n s u p s t re a m

o f B e n g b u in th e H u a ih e R iv e r B a s in a r e u s e d
·

O n e d o w n s e a lin g m e tho d 15 the s im p le s t o e ha s tie m e tho d
,

w he r e t h e r a in fa ll o n r a in y

d a ys 15 s e t t o b e e q u a l t o th e a v e r a g e d a ily in t e n s ity w ith in a m o n th a n d the r e 15 n o

v a r ia b ility in r a in fa ll in t e n s it y b e tw e e n r a in y d a ys
.

T h e m a g n it u d e o f r a in fa ll o n r a in y d ays

e a n b e e x Pr e s s e d a s

P ,
(I ) = P 扭 /P d ,

(I = 1
,

2
,

⋯
,

P d ) (3 )

w h e r e P
:
(I ) 15 th e r a in fa ll in t e n s ity in r a in y d a y s ; P m 15 th e m o n th ly p r e e ip it a t io n ; P d 15

t h e n u m b e r o f r a in y 中ys in a m o n t h
·

T he n u m b e r o f r a in y d a y s in a n y m o n th 15 e s tim a t e d u s in g a n e m Pir ie a l r e la t io n s h ip

d e v e lo P e d fr o m r a in fall d a t a in th e H u a ih e R iv e r B a s in
.

T he r ela t io n sh ip e a n b e

q u a n t it a tiv e ly e x p r e s s e d a s

。 ZD N (J )
‘ , ,

。
.

~
、

I’a - -一不一八 r ct g 又八厂 m 十 万 , (4 )

w he r e P rn 15 th e m a g n it u d e o f ra in fa ll in a m o n t h ; D N (J ) 15 t he n u m b e r o f d a y s in a n y

m o n th (J = 1
,

2
,

⋯
,

1 2 ) ; A a n d B a r e e o effie ie n ts
,

w h ie h e a n b e o b ta in e d fr o m t h e a n a ly s is

o f the o b s e r v e d d a ily r a in fa ll d a ta
.

A n o th e r m e th o d s to e h a s t ie a lly g e n e r a t e s the r a in fa ll in t e n s ity in the r a in y d a ys fr o m

a n e x p o n e n t ia l d is t r ib u t io n

F (x ) = a e 一
气 (s)

w h e r e x 15 th e m a g n it u d e o f r a in fa ll o n r a in y d a y s ; a a n d 月 a r e e o e ffie ie n t s
.

T h u s the

r a in fa ll a m o u n t in r a in y d a ys e a n b e e x p r e s s e d a s

x
召

= F 一 ‘(u
:

) = 一 a l
ln (u

,

) + 月
1 ,

(6 )

w h e r e F 一 ‘
15 the in v e r s e fu n e tio n o f F ; u ,

15 u n ifo r m [ o
,

1〕
r a n d o m n u m b e r ; a l a n d 月

1 a re

e o e ffie ie n ts
.

In b o th m e th o d s ,
the g e n e r a t e d m o n thly s u m 15 e o n s t r a in e d t o b e e q u a l t d t he

m o n th ly r a in fall
.

A n d th e p r o b a bility o f r a in o n a n y d a y 15 e o n s id e r e d to b e e q u a l
.

T he r e fo r e ,
th e g e n e r a t e d d a ily p r e e ip ita t io n 15 d is tr ib u t e d a t r a n d o m th r o u g h a m o n th

.

3
.

助户li
c a tio n

Of th e D o w n sc a lin g 刀七th o d in t h e Ily d r o lo g ic a l M o d
e l

T h e d o w n s e a lin g m e th o d s d e s e r ib e d in Se e tio n IV
一

2 a r e a p p lie d to t h e a r e a u p s t r e a m

o f B e n g b u in the H u a ih e R iv e r B a s in w it h th e a r e a o f 1 2 1 3 3 0 k m
2

.

T h e m o d e l s p a t ial

r e s o lu t io n 15 s t ill 3 0 k m 义 3 0 k m
.

T h e r e a r e to t a lly 1 5 3 g r id e e lls
.

T he in p u ts t o the rn o d el

a r e m o n th ly p r e e ip ita t io n P rn a n d m o n th ly e v a p o r a t io n E
.

T h e m o d e l o u tp u t s a r e

a e e u m u la t e d t o m o n thly d is eh a r g e
.

R e s e a r eh a r e a 15 d iv id e d in t o 1 1 s u b
一 a r e a s

.

T h e X in
’a n jia n g M o d el 15 r u n in th r e e s it u a t io n s :

A
.

M o d e l 15 r u n a t m o n th ly t irn e s te p w ith o b s e r v e d m o n thly in Pu t ;
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3 H 飞0 Z h e )2‘
、

为, , , , S乙r Fe n g g e a n d X IE Z he , 之g h u ,

B
.

U s in g u n zfo r m m e t }lo d t o g e n e r a t e d a lly p r e e lp lta t 一o n fr o m m o n t hly d a t a
.

t h e n t he

n 飞o d e l 15

C
.

r 日 n a t d a lly t im e s te p ;

U s in g e x p o n e n t la l d ls t r lb u t 一o n m e t h o d t o g e n e r a t e d a lly Pr e e lp lt a t lo n fr o m

m () n , h ly d a : a
.

t卜
z e n t he m o d e l 25 r u n a t d a lly t im e s t e p

.

M o d e l o u t p u t 1 5 a t a m o llt h ly r e s o lu tlo n in a ll t he s lt u a t lo n s (T a ble Z )
.

T a b le 2
.

M o d e l R e s 日 lt s [ z1 D 一ffe r e一: t 5 1之u a t lo n s

S t zb
一 a r e a

5 t a t lo n

E ffle ie n e y

(A )

E ffxe ie n ev

(B )

E ffie le n e y

(C )

X 卫x la n

B a 川 a -

I
_ u o h e

2 1。() u ko 、1

Jla n g jia 一

H e n g p a lt o u

F u ya n g

W
a n g z一a ba

I
_ u t a 一2 1

B e n g b u

A v e r ag e

0
.

8 7 6 8

0
.

8 5 0 4

0
.

8 5 1 5

0
.

8 6 8 0

0
.

8 4 3 8

0
.

6 6 3 2

0
.

8 5 2 5

0
.

8 0 0 7

0
.

7 6 2 1

0
.

6 5 (、4

0
.

8 0 1 9

0
.

9 2 4 4

0
.

8 5 3 6

0
.

8 3 8 6

0 8 4 0 4

0
.

8 6 8 2

0
.

8 4 2

0
.

7 8 4 2

0
.

8 6 3 2

0
.

9 2 4 5

0
.

9 0 9 5

0
.

8 6 4 9

0
.

9 1 7 3

0
.

8 7 6 4

0
.

8 3 0 7

0
.

8 4 7 7

0 8 6 9 8

0
.

8 4

0
.

8 1 5 7

0
.

8 7

0
.

9 2 7 3

0
.

9 1 2 7

0
.

8 7 0 8

346
,/8,功11

It e a n b e s e e n fr o m T a ble 3 th a t t h e a v e r a g e m o d e l e ffle le n e le s o f s eh e n 飞e s A
,

B a n d C

a r e 0
.

8 0 1 9
.

0
.

8 6 4 9
, a n d O

.

8 7 o s re s p e e t lv ely
.

W he n t he X ln ’a n z la n g M o d e l ls r u n a t d a lly

tim e s t e p fr o m t he m o n rh ly d a t a , t he m o d e l r e s t llts a r e m o r e a e e u r a t e t ha n t he m o n t h ly

hyd r o lo g le a l m o d e l
.

T he r e s u lt s o f th e e x p o l飞e n t 一a l d is tr l b u tio n m e t ho d a r e a lit t le b lt

b e t te r t h a n t h e u n lfo
r
m o n e

.

Fo r b o t h m e t ho d s , t h e p r o b a bil一t y o f r a ln y d a y d is t r zb u tlo n 15

e o n s zd e r e d to b e e q 、一a l
.

5 0 t he g e n e r a te d d a lly p r e e ip it a t lo n 15 d ls tr lb u t e d a t r a n d o m

t hro u g h a m o n th
, a n d t he e s t lm a tlo n o f

r u n o ff w ill e h a n g e w it h t he p r e e lp lt a tio n

d zs tr lb u t lo n
.

In t he fu tu r e s t u d y
,

th e g e n e r a te d d a lly p r e e lp it a tlo n s ho u ld b e d is t r ib u t e d

m o re r e a s o n a b ly b a , e d o n t he a n a ly s ls o f o b s e r v e d d a ta
.

Fig u r e 4 s ho w s rhe d is t r ib u t lo n o f the s im u la t e d r u n o ff w it h th e in p u t s o f d o w n s e a le d

p r e e ip it a t lo n d a t a (e x p o n e n tla l d ls t r ib u t io n d o w n s e a lin g m e th o d ) in th e H u a lhe R iv e r

B a s zn In O e t o b e r 1 9 5 3
.

C o m p a r e d w it h F 一9
.

3
, 一t e a n b e s e e n th a t t he r u n o ff 15 e ale u la t e d in

m o s t g r ld e e lls w }: ile r u n n i n g th e d a zly hyd r o lo g x e a l m o d e l b y u s e o f t h e d o w n s e a lin g

m e t ho d
.

V
.

C O N C LU S IO N A N D D ISC U S S IO N

In t h一5 p a p e r
.

a m o n rh ly g r ld
一

b a s e d m a e r o s e a le h yd r o lo g ie a l m o d e l h a s b e e n d e v e lo p e d

ba s e d o n t h e X 一n ’a n jla n g M o d e l 一n o r
d e r t o a s s e s s t he e ffe e t s o f e lim a t e e h a n g e o n w a te r

re so u r e e s . th e m o n t l: ly d ls eh a r g e f
r o m 1 9 5 3 t hr o u g h 1 9 8 5 in t h e H u a ihe R lv e r B a s ln h a s

be e n q u ite w ell s zm u la t e d w i t h t h ls m o d e l
.

D u e to t he in e r e a s e o f tixn e In t e r v a l a n d d e e re a s e o f Pr e e iP z ta tlo n In t e n s lty w it hln a

m o n th
, t he r e w lll h a v e n o m o n t h ly r u n o ff 一n s o m e g lr d d e d e ells a s t h e m o n t h ly
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F ig
.

4
.

D is trib u tio n o f th e s im u la te d r u n o ff in the H u a ih e R iv e r B a s in in O e t o b e r 1 9 5 3 w ith th e in p u ts

o f d o w n s e a le d p r e e iPita tio n d a t a
.

h yd r o lo g ie a l m o d e l 15 a p p lie d t o the H u a ihe R iv e r B a s in
.

T w o m e th o d s o f d o w n s e a lin g

m o n th ly p r e e ip ita t io n to d a ily re s o lu t io n a r e v alid a te d b y r u n n in g th e X in
’a n jia n g M o d e la t

d a ily t im e s t e p fr o m th e m o n thly d a ta
, a n d the s im u la t io n r e s u lts s ho w tha t th e m o d el

o u t p u ts a r e m o r e r e a lis tie e o m p a r ed w ith the m o n thly h yd r o lo g ie a l m o d e l
.

A n d th is m ay

in d ie a te tha t
,

w h e n a s s e s s in g the im p a e t o f the e lim a t e eh a n g e o n w a t e r r e s o u r e e s ,
the

d a ily h yd r o lo g ie a l m o d el e a n be u s e d in s te a d o f the m o n th ly o n e
.

In s p it e o f th e r ela t iv e s u e e e s s o f e o n e e p t u a l m a e r o s e a le h yd r o lo g ie a l m o d elin g fo r it s

ap p lie a tio n t o th e elim a te im p a e t s t u d ie s ,

it s fin a l v a lu e in th e e o u p le d e o n tin e n t a l s e ale

la n d
一a tm o s p he r e m o d e zin g 15 s t ill u n ele a r ,

d u e t o the la e k o f e n e r g y b a za n e e e o m p o n e n ts
‘

a n d w ith o u t fu r th e r e o n s id e r a tio n s in v e g e ta t io n in th e e o n e e p t u a l m o d el
.

F u ll e o u p lin g o f

h y d r o lo g ie a l m o d els a n d elim a t e m o d els r e q u ir e s th a t b o th the w a t e r b a la n e e a n d the

e n e r g y b a la n e e b e s o lv e d
.

R E F E R E N C E S

A b d u lla
,

F
.

A
. ,

L e t te n m a ie r ,
D

.

P
,

W
o o d

,
E

.

F
.

a n d S m ith
,

J
.

A
.

( 1 9 9 6 )
,

A Pp lie a tio n o f a m a e r o sea le

h yd r o lo g ie m o d e l t o e s tim a te th e w a te r b a la n e e o f th e A r k a n s a s 一

R e d R iv e r B a sin
,

J
.

G e

oP 彻
5

.

R e , ,

1 0 1 一 D 3 : 7 4 4 9 一 7 4 5 9
.

A r n e ll
,

N
.

W
.

(1 9 9 2 )
,

Fa e t o r s e o n t r o llin g the effe et s o f e lim a te e h a n g e o n r iv e r flo w r e g im e s in a h u m id

te m Pe r a te e n v ir o n m e n t ,

J
.

了如d r o l
. ,

13 2
:
3 2 1 一 3 4 2

.

A r n e ll
,

N
.

W
.

( 2 9 9 9 )
,

A s im p le w a te r ba la n e e m o d e l fo r the s im u la t io n o f s t r e a m fio w o v e r a la rg e
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g e o p h y siea l d o m a in
,

J汪乃
,

d r o l
. ,

2 1 7
:
3 1 4 一 3 5 5

.

Be
ek e r ,

A
.

( 1 9 9 2 )
,

C r ite r ia fo r a h yd r o lo g ie a lly s o u n d s t r u et u r in g o f la r g e 一s ea le la n d s u rfa e e p r o e e s s

m o d e ls
,

A d v a n c e in T h eo r e tic a l l乃d r o lo舒
,
9 7 一 1 1 1

.

G le ie k
,

P
.

H
.

(1 9 8 6 )
,

M
e th o d s fo r e v a lu a tin g th e r e g io n a l h yd r o lo g ie im p a e t s o f g lo b a l e lim a t ie e ha n g e s ,

J
.

了乃d r o l
. ,

8 8 : 9 7 一 1 1 6
·

H o u g h t o n ,

J
.

T
. ,

Je n k in s ,

G
.

J
.

a n d E ph r a u m s ,

J
.

J
.

(1 9 9 0 )
,

C lim a te C ha n g e ,

T he IP C C A s s e s sm e n t ,

C a rn br id g e U n iv e r siry P r e s s
,

K ite
,

G
.

W
.

(1 9 9 7 )
,

Sim u la t in g Co lu m b ia R iv e r flo w s w ith d a t a fr o m r e g io n a l
一 s e a le e lim a t e rn o d e ls

,

W
a te r

R e s o u r
.

R e s
. ,

3 3 (6 )
:
1 2 7 5 一 1 2 8 5

.

L ia n g
,

X
. ,

L e t te n m a ie r ,
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