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,
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,
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,

of s oil o n h lll sl o p e of

b r o ad 11 e a v ed K o r e a n pi n e f o r e st w e r e zn e a s Ⅷ red
,

an d s u b m od el s of s at u r at ed c o n d u cd vit y

a nd e ff e ctiv e p o r o si匂′ w er e e st a bli sll ed wi th d ep th 丘o m s u r fa c e s e p ar at ely . s ub s d t u ti lq; th o s e

s u b tn od el s i nt o SI o an
'

s st o r a g e - di s ch a rg e m o d el a n d a c c o rd ln g t O th e a dj u st ed m od el
,
th e

p r o c e s s e s of in t e rfl o w w er e si n ul at 6d . A ft er c o l Ⅱp ar 1 n g th e si m ul ati o n r e stllts p r edi ct ed by

o ur m o d el
,
e 7(P O n e llti al m o d el(R obi n s o n

,
1 9 9 6) ,

Slo a 且
'

s m o d el s ep a r at ely wi 血 ob s er v ed

r e s ul t s , tlle P r ed l Ctl n g P r e cisi o n of 血e a dj u st e d st o r ag e -di s ch ar g e m o d el t o i n ぬrfl o w ･

p r o c e s s e s o n h lllsl o p e of f o r e st c at ch m e nt w a s p r e s e n t ed .

I N T R O D U C T I O N

I nte rfl o w i s sl o w an d ste ad y ,
its c u r re nt v el o sity is ab o ut 0 .2 m A . I nt e rfl o w p la y s a v e ry i m p o rt a n t

r ole i n ch a n g m g r ai n st o r m
-

ru n otf p r o c e s
.
s e § o n f o r e st c a t ch m e n t

,
fl att in g

･t op an d p r ol o ngi n g th e r un off

ti m e
,

r ed u ci n g t h e fl o od dis a st早r
,
i n c r e a sl ng th e u s e efB ci e n c y o f w at e r r e s o u r c e s . l nt e r 恥 w o n

hillsl op e of f o r e s t c a t c lm e n t i s a n i m p o rt a rlt li nk of w at e r cy cli ng l n e c o sy st e m in w hi ch w at e r sh ed i s

a s a u mi t ･ S t ud yi n g it s t r an s fo rm ati o n m e ch a mi m a n d h yd r ol o gi c al p r o c e s s e s , s e tt in g u p a nd p e rfe cti n g

th e m od el w ill n o t o nly e mi ch th e th e o ry of e x p eri m e rlt al f o r e st hy d r ol o g y ,
b u t al s o p r o vid e th e b a si s

f o r hyd r ol o gic al a n al y s I S a nd c al c u lati o n o f f o r e st c at c h m e n t
,
d e sig n

,
m a n ag e m e n t a n d b uildiT lg O f

w at e r c o n s e r v ati o n f o r e st .

I nt e r fl o w m o d el d e v el o p ed i n th e w h ol e w o rld u ntil n o w c a n b e divi d e d in t o 3 ty p e s r o u ghly: fi nit e

el e m e n t m o d el o r 丘nit e diffe r e ntial m dd el b a s ed o n th e Ri ch ar d s e q u a ti o n
,
ki n e m a .ti c w a v e m o d ella n d

st o r ag e
-di s ch ar g e m o d el b a s ed o n th e -ki n e m a ti c w a v e an d ki n e m ati c a s s u m ptl O n S S e p a r at ely .

P re ci si o n of 血it e ele m e n t o r 血it e difFe r e ntial m od el is l 出1e bit high ,
b ut c al c ul ati o n is v e ry

c o m plic at ed . S o it is n o t s uit abl e f o r f o r e c a st l ng r apidly a nd is difR c ult t o e x p a nd t o th e w h ole

c a t ch m e nt . Ki n e m atic w a v e m od el is o nl y fi t fo r L < 0 . 75 ( 拒 4i c o s 蛾 si n
2
α) ,

s o it s applic ati o n

‾
i s

li mi t ed . Sl o a n p ut fo r w a rd (Sl o an a nd M o o r e ,1 98 4) st o r a g e
- dis ch a rg e m od el in 1 9 83 . Sl o an an d

M o o r e ( 1 98 4) a ppli ed 丘nit e el e m e n t m od el ,
ki n e n ati c w a v e m o d el an d st o r ag e

-di s c h a rg e m o d el i n

fo r e st c at ch m e n t
,

a nd c o m p ar ed th e f o r e c a stl n g r e s ult s . It sh o w s th a .t st o r ag e - di s c h a rg e m o d el h a s

hi gh e r p r e ci si o n , l o w c a st , an d w a s p o s sible t o li nk t o b e a b ett e r c at ch m e n t m o d el . B e v e n et al ( 1 98 2b)
b elie v e th at s at u r at ed c o n d u ctivi ty k 8 a n d effe cti v e p o r o sity O 由

一0 , ar e t w o i m p o rt arlt ph y sic al p a r a m et e r s

w h e n in t e r fl o w w a s si m ul at ed
,

a nd b o th of th e m d e c re a s e wi th th e d epth . H o w e v e r
,
SI o an t re at e d k s

a nd O s
-0

,
a s c o n st an t s w h e n h e si m ul at ed i nt e rfl o w o n hillslo p e of f o r e st c a .t c h m e n t w ith st o r ag e -

di s c h ar g e m o d el . W h e n R ob in s o n an d Si v a p al a n ( 1 9 9 6) si m ul at ed in t e r丑o w w ith st o r a g e - di s ch a rg e

m o d el o n hillslo p e of fo r e st c at ch m e n t
,

th ey s u p p o s ed th at s at u r at ed c? nd u cti v lt y d e c r e a s ed

e x p o n e n tial 1y wi th th e d e pt h B a s ed o n this
,
it lS p o s sible t o f o rm a s a t u r at ed 2: O n e i n t h e s oil u nd e r th e

r ai nfall in t e n slty ,
t h e n this z o n e w ill d e v el o p u p a nd d o w n

,
a n d fi n ally f o r m ed a w at e r dis ch a r g e at th e

o u tl et s e cti o n of hill slo p e . U nf o ll .u n a t ely th ey did n o t c o n sid e r t his n o w
,
t h e r ef o r e , th ey w e r e n o t abl e

t o si m ul at e th e irlt e rB o w p r o c e s s e s of c at ch m e n t r e alistic al ly . T his p ap e r t ry t o d o s o m e i m p r o v e m e n t .
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U si n g fo r e st c at ch m e n t of E rd a ob ai ri v e r
,

w hi c h is･ th e s o u r c e of S o n gh u a ri v e r
,
a s t h e b a c k g r o u nd

,

th e in t e r 鮎 w o n hillsl op e of b r o ad -l e a v ed K o r e a n p l n e f o r e st w a s si r n ul at ed i n F o r e st H yd r ol o g lC al

M od eli ng L ab o r at o r y . Fi r stly ,
o n e of plot w hi c h h a s t h e s a m e a re a a s u n d e rlyi n g m o d el t r o u gh a n d i s

typic al of t his ki n d of f o r e st ,
w a s s ele ct ed

,
s e mi - d e c o m p o s ed a n d R o n - d e c o m p o s ed litt e r s c o v e r ed o n

th e fo r e s t 且o o r w e r e c o □e ct ed f o r l at e r u s e .
Al l t h e s oil w e r e s a m pl ed a c c o rdi n g t o diff e r e n t l a y e r s .

Fi r st l ay e r is l o a m s oil , t h e n albi c s oil a nd l o e s s
,
t o t al d epth o f s oil s a m pl e s is l m ･ D u ri ng th e s oil

s am pli n g ,
all th e r o o t s in s oil w e r e c oll e ct e d ･ A R e r t h e s a m ple s

,
w hi ch i n cl u d e litt e r

,
r o o t a Jld di 飽 r e nt

l ay e r of s oil , w e r e t a k e n irlt O th e l ab o r at o ry ,
w e b e g a n t o si m ul at e th e f o r e st s oil ch a r a c t e ri stic s i ll th e

u n d e r 払g m o d el t r o u gh L o e s s w a s p u t i n t o th e b ott o m o f t r o u gh 丘rstly ,
th e n c o m p a ct e d t h e s oil u ntil

r el ati v e e r r o r o f t h e b ul k d e n sity b et w e e n fi eld s oil a n d si m ul at ed s oil is w it h in 5 % ･ T h c al bi c s oil a n d

l o a m s oil w e r e si m ul at ed in th e s am e
_
w ay ･

T h e d e p th of e v e ry lay e r is 3 3 ･3 c m
,
a n d wi th t o t al d ept h of

l m . Sin c e m o st of th e r o o t dist rib ut ed in u p
-l ay e r of th e s oil

,
r o o t w e r e p ut i nt o th e s oil a土 r a nd o m

,

s o m e of th e thi ck r o o t s w e r e t ak e n o u t . Afte r all th e s oil lay e r sir n ul ati o n w e r e 丘ni sh ed , th e litt e r s w e r e

p ut o n th e s u rfa c e a c c o rdirlg t O t h e o rd e r i n fo r e st fl o o r ･ R ai 血11 w a s c o ntr on ed b y th e r ai nfdl sy st e m ･

3 di H e r e rEt r ai n 免ユ1 e v e nt s w e r e si m ulat ed .
e v e n t 1 : i nt e n s ity is 0 .5 2 m m / mi n an d p r e c IP lt ati o n is

1 5 6 .O m m , e v e n t 2 : i n t e n sity l S 1
.
2 m m / mi n a n d p r e c IP lt ati o n i s 2 1 6 . O m T n

,
e v e n t 3 : i nt e n sity i s

1 .9 m 皿/ mi n a n d p r e c lp lt ati o n i s 3 4 2 .O m m . D u ri n g
■t h e r ai n fall

,
th e p r o c e s s e s of s u rf a c e ru n otf a n d

i rlt e rfl o w w e r e o b s e rv ed at th e o u tlet s e cti o n o f th e u n d e rlyi n g m od el t r o u gh . Fl o w w a s m e a s u r ed b y

V -t r o u g h m e a s u n n g m e t e r i n th e m e a s u ri n g Sy st e m W hi ch w a s c o n tr olled b y c o m p ut e r c o nt r ol sy st e m .

A t th e hill sl o pe of t ypic al b r o ad -l e a v ed K o r e a n pin e f o r e s t
,
1 - 2 of s a J nPlin g p o l n t i n u p p e r

,
mi d dle

an d l o w e r sl op e p o siti o n w a s a r r a n g ed . I n e a ch s a m pli n g p o l n t
,
s oil s a m ple s w e r e t al ' e n i n di q e r e nt s oil

d e pth at O c m
,
2 0 c m

,
4 0 c r n

,
60 c m

,
8 0 c m an d l OO c m , An d th eir s a .t u r a .t ed c o nd u cti vi ty a nd effe cti v e

p o r o sit y w e r e m e a s u r ed . Effe ctiv e p o r o sity is : め( z) = e
B

-e
r ,
e

B
is s at u r at ed v ol u m e t ri c p ois

f
u r e of s oil

s a m pl e
,
O r

i s r e sid u al v olu m et ri c m oist u r e of s oil s am ple .
T 止i ng a v e r ag e of s at u r a土ed c o nd u ctiv lty

m e a s u r ed i n th e s a m e d epth ,
r e g r e s si o ni n g al1 of th e c o nd u ctivity m e a s u r ed i n diff e r e n t d epth w ith th e

c o r r e 甲O n di n g s oil d ept h ,
w e e st ablis中 th e s at u r at ed c o nd u ctivi ty s u b m od el ･ Effe cti v e p o r o sity

s ub m od el
.

c a n b e d e v el o p ed i n th e s am e w ay , T aki ng th e s oil s a m ple s 丘o m th e u n d e rlyi ng m od el

t r o u gh i n diffe r e nt d ept h ,
m e a s u ri ng th eir s at u r at ed c o nd u ctivi ty a n d effe ctiv e p o r o sity ,

th e n

s ub stit utin g th e m e a s u r e m e n t r e s ult s i n t o t h e t w o c o r r e sp o n di n g m od els
,
t h e p ar a m et e r s o f s oil i n th e

t r o u g h w e r e d et e mi n ed . Fir stly ,
s u b stit utl n g th e s at u r at ed c o nd u cti v it y ? ub m o d el a n d e ff e ctiv e

p p r o si ty s ub n od el , b oth of th e m u s e t h e p a r a m et e r s m e a s u r ed b y e x p e ri m e n t
,
i n t o st o r ag e

- di s c h ar g e

m o d el ,
t h e n i nt e r丑o w p r o c e s s e s u nd e r diffe r e nt rai n fall c o n ditio n s w e r e si m ul at ed . S e c o ndly ,

s at u r a t ed

c o nd u cti vi t y a nd effe cti v e p o r o sity a r e t ak e n a s a c o n st an t
,
thi s m e an s th ey ar e n o ch a ng e wi t h th e s oil

d ep th
,

si m ul atl ng th e in t e r 鮎 w p ro c e s s e s of differ e n t l ay e r o n c o m p ut e r u nd e r 3 difrfer e nt r ai nf all

c o nditi o n d e s c rib e d a s ab o v e
.
L a st

,
s u p p o s ed t h t s at u r at ed c o nd u cti v it y d e c r e a s ed e x p o n e rltial ly w ith

th e s oil･ d ep th
,
int e rfl o w p r o c e s s e s w e r e si m ul at ed in th e s a m e w ay . C o m p ari n g th e i n t e rfl o w

p r o c e s s e s ob s e r v ed b y e x p eri m e nt wi th th r e e si m ul at ed iTlt e rfl o w p r o c e s s e s o n c o m p ut e r . W e c a n

e sti m at e th e p r e ci si o n of th e m s e p a r at ely .

A N A L Y S I S A N I) R E S U L T S

Th e id e al ed hill sl o pe s eg m e n t h a s a n i m p e r m e able b o u nd a r y o r b ed
,

of sl o p e α
,

l e ngth L
,
a n d a

s oil p r o丘1 e of c o n st a n t t hic kn e s s D( a s i s sh o w i n Fig u r e 1) . T h e n
,
t h e b al a n c e of w at e r

, p e r u nit w idtb
､

c a n b e w ritt e n a s :
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Z s D

at ed

F i g u r e 1 T h e id e ale d h lll sl o p e

d v

盲
=i(I) ‾Q(t)

h屯

(1)

w h e r e v is th e d rai n able v olu m e of w at e r i n th e s at u r at ed z o n e
,
i(t) is th e r at e of w at e r i np ut 舟o m th e

u n s at u r a t ed z o n e t o th e s at u r at ed z o n e
,
t is ti m e

, Q(t) is th e dis ch a rg e 丘
･

o m th e hillslo p e . T h e eq u atio n

of u n s a t u r at ed c o n d u c tivi t y c an b e w ritt e n a s eq u ati o n :( B r o o k s
I C o r ey ,1 98 4)

K(e ,
z)

- K s(2 .)〔認
”

(ユ)

w h e r e k(0 , z) , k s( z) a r e u n s at u r at ed c o n d u cti v it y an d s at u r a t ed c o nd u ctivity at d e pth z s ep a r a tely ,
O

s ,

O r,0 a r e th e s a t u r at ed v ol u m et ri c w a t e r c o zlt e nt ,
r e Sid u al v ol u m e t ri c w a .t e r c o n t e n t a nd v ol um e tri c

w at e r c o n t e n t s ep a r at ely ･ N is a p o re siz e dist rib uti o n in d e x , a( i)( 頚 s
-0 ,) is effe cti v e p o r o sity .

B e v e n(1 9 8 2) h ad p oint ed o ut t h at b oth s at u r at ed c o n d u ctivi ty an d eff e cti v e p o r o sity t e n d t o

d e c r e a s e wi th d e pth in t o t h e s oil p r o
I
Ble

･ a nd w c h ad g et th e eq u ati o n b y e x pe li m e zlt a t Bleld i n f o r e s t

c at ch m e nt a s:

k
s( z) = k

｡

- f
l
l n( z) ■ ( 3 a )

a ?(z)
-

a )
.

- f
2
1 n( I) ( 3b )

w h e r e k o ,
k

s( z) is th e s a t u r at ed c o n d u c ti vi t y at s u rf a c e of s oil p r o fi1 e an d at d epth z S ep ar at ely; z i s th e

d epth 丘o m s u rf a c e
,

a . is th e effe cti v e p o r o sity at s u rfa c e of s oil p r o 丘1 e
,
f l j 2 , a r e P ar am et e r s

,
an d th e

u ni t of z i s c m .

W e c an s u p p o s e t h at t h e s oil is i s ot r o pi c
,
th e n b ot h k o a n d o) o d o n o t ch a n g e o n th e di r e cti o n

p a ral 1eled ふith t h e s u rf a c e of s oil p r ofil e T h e pist o n displ a c e m e n t m o d el( B e v e n
,
1 9 8 2) a s s u m e d t h at a

sh a rp pist o n
-lik e w etti n g ( o r d ryi n g ) & o n t d e v el o p s at th e s u rf a c e d u ri n g a r ai nfall e v e n t an d m o v e s

d o wn v e rti c ally th r o u gh t h e s oil p r o 丘1 e . It is fu rth e r a s s u m ed th at th e m a x i m um w at e r c o nt e nt o f th e

pist o n
-lik e w etti n g 丘

.

o n t adj u st s it s elf t o th e p e r c o h tio n r at e R( R is rai Ⅰ曲11 r at e) ,
an d th e w at e r c o n te n t

ab o v e th e w e tti n g & o n t b e c o m e st e ad y ･
T h e n u sin g D a r c y

'

s l a w a nd ki n e m ati c a s s u m ptl O n i n th e

u n s at u r at ed z o n e ab o v e th e w e ttin g fr o nt w e c a n w ri t e ;

0( R , z) - e r ＋( a )
1/ ”

(o) o
- f2h l Z) (4)

w h e r e e ( R , I) is t h e v ol u m e tri c w at e r c o nt e nt at d e pth z a nd u nd e r r ai nfall r a工e R .

W e a s s u m e t h at t h e w at e r c o nt e n t i n s oil b efo r e r ai nf all h a s r e a ch e d r e sid u al w at e r c o rlt e n t 0 , ,
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th e n
,

u si ng t h e c o n ti n uity e q u ati o n f o r th e u n s a tt m t e d z o n e ab o v e w e tti ng & o nt w e c an W ri t e th e r at e

of w e tti ng & o nt d e v el op m e nt in u n s at u r at ed z o n e a s ;･

d 2
f R

d t e( R ,
z
f)

- e
,

C O S α (5)

B e c a u s e th e s at u r at ed c o n d u cti vity d e c r e a s e s wi t h d ep th
,

un d e r rai n s:all r at e R a s at u r at ed z o n e

f o r m s p r ob ably at d e p th z B ,
an d it wi ll b e c am e th i ck e r g r ad u ally , T h e d el ay ti m e is t h e ti m e w hic h

w etti n g 舟o nt r e a ch e s th e d ep th z
s
& o m s u rfa c e of s oil, a nd it d e p e nd s o n th e n a t u r e of s oil a n d r ai nfall

r at e ･ W h e n th e w etti n g & o ntj u st r e a ch e s th e d e pt h z
s , th e s a t u r at ed z o n e b e g in s t o f o r m .

d e pt h z
,
w e c an w rit e I

K
s( ち) - R

th e n
, th e d epth Z 8 C a n b e gi v e n a s =

0 R >
- K

o

k
o

- R

e
/I

k
o

> R > k
o

- f l
l n D

D R < K o
- f.l n D

b y i nt eg r a t in g e q u a ti o n (5) & o m 0 t o z
s

w e c a n w ri t e th e d el ay ti m e a s

t
d 〒志盲]o

z
s

[0( R
,
I) - 0

,”

(6)

(7)

(8)

S o , at th e

Wh e n th e r ai nfdl r at e R is le s s
■
th an th e s u rfa c e s at u r at ed c o nd u cti vi ty ,

I th e p e r c olatio n r a t e o f

w a t e r i s affe ct ed m ai nly b y rai nfd l r at e
,
b u t w h e n th e r ai n 創1 r at e lS g r e at e r th an th 8 S u rfa c e s at u r a t ed

c o nd u cti vit y ,
th e p e r c ol a ･ti o n r at e of w at e r is a ff e ct e d b y b o th -th e r ai nf:all r at e an d t h e s u rf a c e s at u r a t ed

c o nd u cti vi ty ,
s o th e r at e of w at e r in p ut 丘o m u n s at u r at ed z o n e t o s at u r at ed z o n e c a n b e w dtt e n a s

i(I, -(i
* ∫

w h e r e t Li s r ai nf:all ti m e ･ a n d I is g lV e n a S

I -

t ≦t
,

＋t
d

l > t
,

＋t
d

R c o s a R ≦ k
o

( 2
･
5 k

o ＋ R) c o s α/ 3 5 R > k
o

(9)

(10)

A 鮎r th e ･s at u r a t ed z o n e h ad f o r m ed
, w e a s s u m ed th at th e r at e of w ettin g & o rlt d e v el o p m e n t c an b e

w dtt e n a s

d z
/ Ⅰ

di

-

b
B( z

fトe
,

乙f< D

an d a 鮎 r th e w ettin g 丘
･

o nt r e a ch e s t h e i m p e r m e able b ed
,

w e m u st h a v e

% - o z
f

- D

(l l)

(1 2)

b y i nt e g r at in g eq u ati o n (1 1) b et w e e n [ z s , D] w e c an w ri t e o u t:

t
u

- i
d

･†[( o
o

･ f 2) D - f 2
D l n D -

( の
.

･ f 2) z
s

＋f 2
Z
s
l n z

s] '1 3,

th e n
,
a洗e r th e s at u r at ed z o n e fo r m ed

,
th e r e h ti o n ship b et w e e n th e d epth of w etti n 紳 o nt a n d ti m e c an

b e giv e n a s
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i - td ･壬[( の
o

･ f ,) z
f

- f 2
Z
/
1 n z

/
- ( o

o
十f 2) z

s
･ f ,

z
B
l n z

s] t < t
”

z
f

- D 告- o t ≧ t
.

(1 4)

w h e r e z f i s t h e d ept h o f w e tti n g & o n t L

Si n c e th e ki n e m atic st o r ag e m o d el a s s u m e s t h a ･t th e w at e r t abl e h a s a c o n st a n t sl o p e b et w e e n th e

u p sl o p e an d d o w n sl o pe b o u nd ari e s o f th e sl o pl n g S Oil m a s s , a n d t 血 t h e h yd r atlli c g r a di etlt eq u al s th e

sl op e of th e i m p e r m e abl e b ed ( a s i s sh o w in 五g u r e 1) ,
w e h a v e

v -喜LJz

z

: _ h
上

m ( I)dt

-去L o
o
h

L
-

言Lf 2[z
f
l n z

f

-

( z
f

- h
L). n( I

/

- h L)
- h

L] I
/

, h
l ( . 5,

w h e r e h L i s th e s a t u r at e d t hic kn e s s n o r m al t o th e hillsl o p e at t h e o u tl et

a n d

Q -la

g

/

/

_

句

k
s
;i n α d t

- k
.
h

L Si n α
-

f l Si n α【z
f
l n z

f
-(2

/
- h

L)1 n(z
f

- h
L) - h

L] I
/

, h L ( 1 6)

w h e n th e s a t u r at e d z o n e ris e s s o th a:t th e w at e r t abl e i nt e r s e ct s th e s oil s u rf a c e ( z f
- h L < 0) , ( 15) an d

( 1 6) m u st b e m odifi e d s e p a r at ely a s ;

v -去( L ･ L
s)I.

z
J

o ( I) dk

-喜(L ･ L
.)[ o

.
z
I

- f 2
Z
,
. n( z

f
- 1)】 z

F
≦h

l

a n d

Q - si n α].

Z
J

年s
dt ＋ IL

B

- si n a[k
.
z
[

- f l Z f(. n z
/

-

･.)トLL
s

z
f

≦h
,

w h e r e L
8
i s t h e s a t u r a t e d sl o pe le n g th

th e n
,
b y s u b stit uti ng ( 9) ,( 15) o r ( 1 7) ,( 1 6) or ( 1 8) in t o (1) w e h a v e :

O r

( 1 7)

(1 8)

1 . Q(t)
= O t ≦b (1 9 a)

2 . w h e n td < t ≦t汁td

塾
dt

隻
dt

＋

＋

両 【ln 2
/

- . n( z
f

- h L,]告-

諾 L々

f2

2f l 由n α

L a '
.

I Lf 2
l n( z

f

- h
L)

2 Ⅰ

【z
/
l n z

′
- ( I

/
- h

L)l n( I
/

- h
L)]

a)
. T f 2

l n( z
f

- h
L)

2 Ⅰ ･ ' o
o

- f 2
. n Z

/'告
a

.
z
f

- f 2
Z
/
l n z

f
＋f 2

Z
f

L
B

z f > h L

- 18 1
-
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＋

2 IL - 2 si n at K
o
z
f

- f . z
f'l n z

f
- l'L L( の

?
- f 2 . n Z

I'告
a)

o
f
f

-

f 2
Z
f
l n z

f
＋f 2

Z
/

3
. w h e n t > tr

＋t d

d h
L f 2

dt a )
.

1 f 2
l n( z

f

＋

2 f .
si n a

L a )
o - LF 2

l n( z
I

- h
L)

- . n' z
f

- h
L ']% -

z f ≦h L ( 1 9 c)

2( K
o

＋f l) si n α

I ･ a '
o

- Lf 2
1 n( l

[
- h

L)

[ z
f
l n z

/
- ( z

f
- h

L )1 n( I
/

- h
L)] zr , h L

O r

d L
B

2 Ⅰ ･ ' o
o

- f 2
l n z

f)告
dt

‾

a ,
o
z
r

- f 2
Z
′
1 n z

f
＋f ,

z
f

エ
∫

2 si n α【K
o
z
f

- I .
I
/ O n z

f
I 1'] ･ L' o o

- f 2 l n z
I'告

a)
o
a
f

- f 2
Z
I
l n z

/
＋f 2

Z
f

h
L

(1 9 d)

zf ≦h L (1 9 e)

B yj oi nin g ( 1 9) ,( 1 1) ,( 1 4) w e c a n ob t ai n th e v al u e s of h L O r L s of a n y ti m e
,

an d b y s ub stit uti n g h L O r L s

i rlt O (1 6) o r ( 1 8) s ep ar a t ely w e c an o bt ai n th e dis ch a rg e & o m th e hill sl o p e Q(I)

G e o m e t ri c an d hyd r o g e olo gi cal p a ∫a m et e r s of th e u n d e rlyi n g m od el t r o u gh u s ed i n th e s e

si m u h ti o n a r e a s : B( wi dt h of th e un d e rlyin g m od el tr o u gh ) - 2 S O c m
,
D = 1 0 0 c m

,
L - 5 0 0 c m

,
c L

= 3
o

,

k o
- 0 ･0 2 c 血/ m in

,
fl

- O 1 0 03 c m / b in
,

のo
- 0 ･ 16

,
f2

- 0 . 2
,

a n d N = 3 .0 . W e c o m p a r ed th e s ol uti o n s of o u r

m o d el
,
Sl o a n

'

s m o d el an d ∫.S . R obi n s o n
'

s m od el wi th o b s e rv e d v al u e s fo r rai nfall e v e rlt 1
,

e v e nt 2
,

e v e n t 3(a s sh o w i n 五g u r e 2 - 4 a nd t abl e 1 -3) ･ T h e r e s ult s of c o m p ari s o n sh o w th at o u r m o d el yield s

e x c ell e nt r e s ults at si m ul at in g t ot al v al u e of i nt e r B o w
, p e ak ti m e

, p e ak fl o w an d d el ay ti m e .

D IS C IJ S S I O N

I n t his p ap e r w e h a v e p r e s e nt ed a si m ple
,

ap p r o xi m at e m o d el of i n t e rfl o w fo r a n id e ali z ed ,

r ep r e s e n t a ti v e hillsl o p e fo r f o r e st c a t c h m e nt . T his m od el is b a s ed o n th e b al a n c e o f w at e r
,
D ar cy

'

s l a w

a n d ki n e m ati c a s s u m pt i o n
. I n it s p r e s e n t f o rm th e a n al y sis in cl u d e s th e s e c o nditi o n th at th e s at u r at e d

z o n e i s f o r m e d at s o m e d e pt h b et w e e n s u rf a c e a n d b ott o m of s oil p r o 丘Ie
,
o r a土th e s u rf a c e of s oil , o r at

th e b ott o m of s oil
,

w hi c h d ep e n d s 0 n th e r ai nfall r at e a n d th e n at u r e o f s oil
,

a n d th e an al y si s i n cl u d e s

th e effe ct of th e u n s at u r a t ed z o n e d u ri n g b ot h w e tt in g a n d d r ai n ag e . It c a ll b e u s e d t o si m ul at e th e

s ub s u rf a c e r e sp o r lS e f o r a g e n e r al
,
si m ple rai n f all e v e nt , a n d it c an yi eld a g o o d r e s u lt 8t P r edi cti n g t h e

t ot al v ol u m e of i nt e lil o w , pe ak ti m e
,
d el a y ti m e a n d pe ak fl o w , B u t

,
f o r s o m e big st o r m s (s u c h a s

e v e n t 1) ,
it is n ot a c c u r at e at p r edi cti n g th e v al u e o f p e ak fl o w . h ad diti o n , it s dis ad v a n t a g e is th at it

c a n n o t p r edict th e d u r a ti o n of i nt e rfl o w a c c u r a t ely , a nd th e ri sl n g h yd r o g r ap h a nd falli ng h yd r o g r a p h

p r e dict ed b y this m o d el is st e e p e r th a n ob s e r v ed r e s ult s ･ T h e r e a s o n l S P r ob ably th at t h e a s s u m pti o n O f

a pist o n -lik e d ryi ng fr o nt an d w e tti n g & o nt i s u s e d i n th e a n aly sis
,
b u t th e a s s u m pt 1 0 n i s cl e a rly n o t a

g o od o n e [ B e v e n
,
1 98 2] .
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t abl e l C o m p ar i s o n of e v er[t l

r es ul ts D I打 .( m in) D
.
T( mi n) T . V ( m

3
) P . T . V P . T( mi n) P .F(1/ mi n) P . P

o 町 m O d el 6 0 6 0 0 .9 2 7 0 % 1 80 3 7 4 .0 8 64 %

Sl o a n
'

s nl Od el 6 4 0 3 0 .4 1 5 7 % 1 8 0 1 5 7 .8 9 p 7 8 %

R obi n s o n
'

s tn od el 6 2 0 1 2 0 .9 4 6 8 % 1 9 2 3 0 7 .6 7 6 6 %

.
ob s er v ed v al u e 1 6 0 0 0 0 .7 1 1 0 0 % 1 8 0 2 4 0 ,9 2 10 0 %

T able 2 , C o n l D a ri s o n of r ai nf all e v e nt2

r e s ults D u r
.( mi n) D

.
T( mi n) T . V ( m

3

) P , T . V P . T( mi n) P . F(1/ m h ) P . P

o u r m o d el 6 0 6 0 0
.
4 5 9 8 % 1 8 O 15 0 .8 3 9 4 %

S lo a n
'

s n l O d el 6 4 0 3 0 .2 6 6 0 % 1 8 0 1 0 0 .5 1 63 %

R obi皿S O n
ウ

s m o d el 6 2 0 2 1 0 . 6 66 % 2 01 1 8 9 .8 4 8 3 %

ob s e r v ed v al u e 2 1 0 0 0 0
.
4 4 1 0 0 % 1 8 0 16 1 .l l 100 %

T abl e 3
. C o m p a ri s o n o f r ah d all e v e nt3

r e s ult s D Ⅶr .( m i n) D . T( m i n) T . V( m
3
) P . T

,
V P

.T( m m ) P .F(1 血1 n) P .P

ol 汀 m O d el 10 5 0 0 0 .4 8 88 % 3 0 0 1 0 7 ,6 96 %

Sl o aJl
'

s m o d el 105 0 5 0
.3 4 6 2 % 3 0 0 7 7 . 0 1 70 %

R ob in s o n
'

s m od el 1 2 0 0 4 0 0 .4 3 7 9 % 3 40 8 4 .8 7 76 %

ob s e rv ed v al u e 2 3 0 0 0 0 .5 4 1 0 0 % 300 11 2
.
0 3 100 %

Ⅵ l 耶 D tu ･i s d u r Ll ti o n
･
D ･ T is d 血 y tl m 8

,
T I V js to tal v ol m T, e

,
P ･ T ･V i B P r e ci sio n o f tot al v ol Ⅷ le

,
P ･ T i8 P C a k ti m e

,
P ･ F is p e a k 丑o w

,
P IP i B P re C 18i o n of p e a k n o w .

･ ･

.
Q u R H O DEI L 叩

＼ c B SE R y E D V A L . U Et u ll
‾

､ R O DIN S 肌
■

6 Id8 D R P HJ
ヽ 乱 OA P n N O D E-l . P h q

1 1】D 2 0 0 5 0 0 胡 q 与00

TI M E q JI N U T E S)

F l臥1【e 2 日y d ro g m p h oE i nt e rn o w o f r 出 血 ev c d 1

1 4 D

l O O
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e
C

6 E)

■ '

h
.
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､
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■
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TI M E (r A lr A r T 且S)

I
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.
o しR 船D EIL(u ll
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I

､ A O B N S OlrS N O D E = LhlJ
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■ : L 上 _ _ . _ _ . _ J ら!と要i 申岩己 ■ . .
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TrLk E( M INL JT E S)

F i
g
t y e 3 F y d r o g r ap h of in te rA o w of rd h h ll c v 8 r Lt 2

Fl g 皿 き4 H yd l O g ap h ofi nt e rn o w c f 7 ai m 別 1 e y e n t 3

C O N C L U SI O N

A c c o rdi ng t o th e si m ul ati o n o f i n t e r 批) w o n hillsl op e i n f o r e st c at ch m e n t of C h a n gb ai M o u n t ai n

w e c an c o n cl u d e t h at:

I
, T h e s at u r at ed c o nd u cti vit y d e c r e a s e s l o g a ri th mi c ally wi t h d e pth i nt o t h e s oil p r oBle i n fo re st

c a t cb l n e nt .
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2
.

3 .

4 .

T h e eff e cti v e p o r o sit y d e c r e a s e s l o g a ri th mi c ally wi th d ept h i n t o t h e s oil p r o Ble i n fo r e st

c a ,t ch m e n t .

T h e t o tal v ol u m e o f i nt e rn o w i n c r e a s e s w it h rai n f3h11 at t h e s a m e r ai Ⅰ血11 r at e , a n d d e c r e a s e w ith
r?i nfall r at e at t h e s am e r a in fall i n f o r e st c at ch m e n t .

T h e d el ay ti m e o f i n t e rfl o w d e c r e a s e s wi th r ai nfall r at e w h e n th e 血Ⅰ血1l r at e i s l e s s t h an t h e

s u rf a c e s at u r a t e d c o n d u c tivi t y o f s on m a s s
,

a n d i s 0 w h e n t h e r aiI 血11 r at e i s g r e a t e r th an t h e

s u rfa c e s a:t u r at ed c o nd u c ti vity o f s oil m a s s .

A C K N O W L E I) C E M E N T S

T his p r oj e c t W a S fu nd ed b y N ati o n al N at u r al S cie n c e F o u n d ati o n of C hi n a
,
C hi n e s e A c ad e m y of

S ci e n c e s an d S ci e n c e a n d T e c h n ol o g y C o mi s si o n o f Li a o n in g P r o v in c e ･ T h e e x p e ri m e Ⅱt w o uld n o t

h a v e b e e n p o s sibl e wi th o ut th e e nt h u si a stic s u pp o rt o f C h a ng b ai M o u nt ai n St ati o n
, C hin e s e A c ad e m y

of S cie n c e s ･ W e t h an k Li h u a N i u
,

Xi a o y a n Li
,

D e xi n G u an an d J u nl mi Z h an g fo r a s si st a n c e i n

e x pe ri m e n t a n d c al c ul ati o n .

R E F E R E N C E S

1 . B e v e n , K ･ 1 9 81 ･

"

Ki n e m atic s u b s u rf a c e st o r m fl o w
”

,
W a t e r R e s o u r . R e s . .

,
1 7( 5) , p p .1 4 1 9 - 1 42 4 .

2
･

B e v e n , K ･ 1 9 8 2 ･

' L

O n s ub s u rf a c e st o r m B o w : p r edicti o n s wi th si m ple ki n e m ati c th e o ry f o r

s 威u r at ed a n d u n s at u r a ted fl o w s
”

, W at e r R e s o u r . R e s =

,
1 8( 6) , p p ,1 6 2 7 1 1 6 3 3

.

3 1 C ab r al
, M I C e t al ･ 1 9 92

･

砧

A ki n e m a ti c m o d el of in 丘1t r ati o n an d r u n o ff g e n e r ati o r L in 1a y e r ed an d

sl o p ed s oils
”

, A d v a n c e si n W at e r R e s o u r c e s
,
1 5

, p p ･3 1 1 -3 2 4
.

4
･ C hi n e s e F o r e stry P ublic ati o n ･ 1 9 8 2 ･

` '

F o r e st a n d fl o od
”

,
B eiji n g , p p . 15 7 - 1 6 4 ,

5 ･ J a c k s o n
,
C 且 & C um d y ･ T ･ W

･ 1 9 9 2 ･

以

A m o d el of t r an si e nt
,

t o p o g r a p hi c ally d ri v e n
, s a t u r at ed

s ub s u rfa c e A o w
”

,
W at e r R e s o u r

,
R e s ‥

,
2 8(5) , p p .

1 4 1 7 - 14 2 7 .

6 ･ Ji ag a ng Li u a n d Tief an P ei
･ 1 9 90 ･

粥

O n e -di m e n si o n m o d el o f d el ay ed s u rfa c e r un ofr in 1itt e r l ay e rs

of b r o ad -le a v e d K o r e a n pi n e f o r e st
' 7

,
J o u rn al of A p p並ed E c ol o g y ,

1( 2) , p p .1 0 7 - 11 3 .

7 ･ K oid e , S et al l 1 99 2 ･

` `

S ub s u rf a c e n o w si m u h tio n of a s m all pl ot at L o ch C h o n
, S c o tl an d

=

,

H yd r ol o gic al P r o c e s s e s , 6 , pp ･2 9 9 - 2 3 6
,

8 .

9 .

1 0 .

l l .

12 .

1 3 .

K o u s sis
,
A ･ D ･ 1 9 9 2 ･

` `

A li n e a r c o n c ept u al s ub s u rf a c e st o r m fl o w m od el
”

,
W at e r R e s o u r . R e s . .

,

2 8( 4) , p p . 10 4 7 - 1 05 2
.

R obi n s o n
,
J ･S & Si v ap al a m ･ M

･ 1 9 9 6 ･

く̀

I n st a nt an e o u s r e sp o n s e fu n cti o n s of o v e rl an d fl o w a n d
s u b s u rf a c e s t o r m 8 o w f o r c at c h m e n t m o dle s

乃

,
H yd r ol o pic al P r o c e s s e s

,
1 0

, p p ･8 45 18 6 2 ,

S al vu c ci
,
G ･ D ･1 9 9 6 ･

"

S eri e s s olu ti o n f o r ri c h ar d s e q u ati o n u n d e r c o n c e n t r a ti o n b o u n d a ry
c o n diti o n s an d u nif o r m i niti al c o nditi o n s

''

,
W a t e r R e s o u r

. R e s ‥

,
3 2(8) , p p . 2 40 1 - 2 4 0 7 .

Si m th , R ･ E & Bi ok k ru p e r ･ B 1 1 99 6 ･

u

Etfe cti v e s oil w at e r ch a r a c t e ri stic s an d e n s e m bl e s oil w at e ,

p r oBle s i n h et e r o g e n e o u s s oils
”

,
J o u r n al of G e o ph y si c al R e s e a ch , 3 2( 7) , p p . 1 9 93 - 2 0 0 2

.

SI o a n ･P ･ G & M o o r e ･Ⅰ･ 1 9 8 4
･

托

M o d elin g s ub s u rfa c e st o r m B o w o n st e eply sl o pi n g f o r e st ed

w at e r sh ed
''

,
W a t e r R e s o u r

･ R e s ‥ , 2 0(2) , p p .18 15 -1 8 2 2 .

Ti ef a n P e主皮 Ji n z h o n g Li l I n p r e s s ･

"

R e s e a ch o f s at u r at ed c o nd u ctivi ty an d e ff e cti v e p o r o sit y i n

f o r e st c a .1: ch m e n t
叩
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