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ABSTRACT

Conventional hydrologic models are usually only applied to long-term or short-term

*AAAEE > BB BEFRPTEIRS AL » 202 AT ¥ EREILER 23 » kilee@ntou.edu.tw

_12_



runoff simulations. Consequently, the long-term runoff model cannot adequately simulate
the rapid rising discharge during typhoons, and the short-term runoff model cannot well
simulate the runoff slow flowing out of the subsurface stratum. The TOPMODEL and the
kinematic-wave based geomorphic IUH model were developed for daily flow and storm
runoff simulations, respectively. A criterion was developed with cumulated rainfall to link
these two models to form a continuous runoff simulations. The daily runoff model can
well simulate the recession process of groundwater during no/low rainfall. While applying
hourly simulation model, especially for the predictions of storm peak flow and time to
peak, a better performance can be found in hourly-flow simulations. Therefore, the runoff
situations of daily flow and storm runoff can be both reflected adequately with the
continuous runoff simulations.

The Heng-Chi watershed is adopted for applying the TOPMODEL and the
KW-GIUH model for long/short terms runoff simulations. The geomorphic parameters of
the watershed were calculated by using a digital elevation model. The continuous runoff

simulations were embedded into an ArcView GIS platform to form a geomorphic-

hydrologic inquiry system for practical applications. The operation of runoff modeling

was then transferred onto a convenient Windows based interface. When using the inquiry
system, users can interactively select a location for a subwatershed outlet by simply
clicking on the desired point within the watershed stream network, and then the

geomorphic factors and runoft calculations can be performed.

Keywords: Continuous runoff simulations, TOPMODEL, Kinematic-wave based
geomorphic IUH model, Geographic information system, Daily flow model,

Storm event model.
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HARE A 4 5% (continuous  simulation) %5 HAFE
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A Linsley & 1960 -8 R A 5 HH AR B /K 8 R =
(Stanford Watershed Model, f&fE SWM; Crawford
and Linsley, 1966) » Beven and Kirkby (1979)L/%&
KT 1 S R - AT e 2 4B B =
(TOPMODEL) » PURE JF IEE (1985)) 7k fA i =X
(tank model)B{ Kadoya and Tanakamaru (1988)ff
IR ~ M E R E A (long and short
terms runoff model) o [ P2 Z=%55(2000) 6 FI| FH
Wi = FE AR = (digital elevation model, DEM)Ei &
HIES B 43 FF (remote sensing analysis) » #f 5K £ 7k [
SR T Bt R RGBS HO H iR # i
LR PR < ER BT - SRR 2 28
A 57 4 SR /K R SCRA R R E © 2255(2003)
fZr52% Beven and Kirkby(1979)ff$gH 2 HiJE$g
o A ZE R ST H iR B AR L > B ZRAE(2000),.2
SO H IR R G T HO - SBUZ AR EUR
AR TR 2R E 28 B EHEIREED
(GRSl ER It R

H Sherman (1932)4¢ Hi (7R GRS -
PR BE < RS B R RN - E R R A e B AE A
HEEE o Horplg 4, 2 185K 400 Clark (1945)f1R
F] - T F& 188 7% (time-area curve method) » Nash
(1957) [ %3 14 7K & 1 (linear  reservoir method) >
Chow and Kulandaiswamy (197 1)$zg Hf:8 F 7k 32
LA (general hydrologic system model) » & 5
TEE(1985) fift {83k 2 /K & # X LUK Rodriguez-
Iturbe and Valdes (1979)Ei Gupta et al. (1980)f7#E
) b 5 o S B A7 R % B 3 (geomorphologic
instantaneous unit hydrograph theory) o [&y Lee
and Yen (1997) I {f & /K [ 107 18 5 14 - 1 FH
Bl P s DAY 75 2 o 4t SR SIS Ry B 07 R A
B B 2 AR A THRR ] i e 35 - st 5 e
57 B8 {37 JF% %% (kinematic wave based geomorphic
instantaneous unit hydrograph, f&#§ KW-GIUH) -
ZRZ£(2000, 2001, 2002, 2003, 2004 )62 K| FH & Bl
-SSR B AT RS X o SHE G 26 8 F
SR TG R RN B 2/ N R AR - 11
TS SER R EERS R -

HI AT ABFZERT A BUA s 53
BB 5 HTEE (st i i 8o =X0) B TR (A

Bl - i Sy L R AR ) 2 K SO R TR
15 » T (IR B 5 R SR TR o it B A R A
BARSE » ERTUIRHE AR - IR 72 E H P
FEBR AR R E R il E R G E it 2
e 55 U5 -t S5 e O L2 R AR X /N R 3T
A WMrIF TR A S R L A R A
LIEATHOKIE K ~ FHIEE 2 e - ff7erhat
FE B SR A B A - AR LE LR & A
T » N — EETH SCELK SCE A IR » LL
I ZERIBIE o
= RS

AT B R T 2 £
B DU 78 Bt 202008 i 2 S 19 H 3 B
2 r DB 8 P 3EE 38130 - S S e s B 7 PR o P o A
MNP E R« HRAZERE I RIRCRAT T -

2.1 MEZIEEHE

Beven and Kirkby (1979)#8 £ /K & HfE Bl
TR - HESR MR BB K 2 R ER A
fR I e EE {(TOPMODEL) - 1f&] 1 fr7 »
it 45 B0 20 9 & e 3 B AR R T (root
zone) ~ RBUFIE 7K & (unsaturated zone) B AR 2
7k J& (saturated zone) ; iIf; XE Z5 i K ELEIRI & /K g
M2 BERfE Bt N K OIRE 2 o

AR B A = ARG - (DETRIE K
e Y 8l ) B 5% AT A DL S A8 AR E (1R RE (suc-
cessive steady state) : (2)EUFIE /K EHI/K SR & |]
AU RIS T R 1 Q)R T & kg2
K I8 (transmissivity) BE3 N K AZEERE 2 Bk
FRBCIRIRIRA (% AN o S A B S
RIRFIEE R A > K1 [ mT O BT 2 /K g 1Bl )
B EEAERE E IRAE o T HA At L JiEse
KBRS FE R DRSS (2) SRR FE T E AT © It
§% > Beven (1986a)( B4 55 (3) B G FIIFH
BB BLEST 00T » SKIFK T8 8 R Bt T A7
RIS FS R BUIR R 2 BR 1% -

Beven and Kirkby (1979)R i1k = 18,2 1
o HEE MM EIKIEAT—IE j 2K 2
B K R M T 2 B R
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A R
ET WARIER
) (surface runoff)
i <— SQZrmx — S
L Abatn & KRG
_____ RARR (unsaturated zone)
(root zone)
Zj
EHGRE
f
oo & AR %
(saturated zone) HT RIR
(base flow)

1 IR T\ 424EB (Beven and Kirkby, 1979)
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Az BT KAIEE 2 FBHE « m BT
B> AIFEHDRAREACEORES ¢ o B2 tan B £
K AV B 2 BT R R I I A B S
In(a/tan B); £ j (7B BAHITZAEE > A Bk
[ A ALE B AR U E 2 ) - & a1
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E o FRZImIBEL ISR o TS E B2 18
Ut 7K R T 6 2R S K I S 1T J B ol 5 3 R I A
Ho

Tl 1 Ff > B RN IR B AR
oo AR R S A AR B O - HZAR R
ET 7] %7/ (Quinn and Beven, 1993)

ET(t) = PET(?) Elm ........................... ?2)

RZ max
X ¢ B PET(0E ¢ R4 2 BAREZR U
2% {8 7] ] F§ Priestley-Taylor 3% (Priestley and
Taylor, 1972)#E3K : SeA0)F% ¢ REZIRLR G 27K 173

-y <t L,

BYE & 5 T Skzmer (maximum allowable storage)H]|
Rt 2 IR KRBT K E - HRRIE 2 &
BRIHERE ZRRETITEE Skzma » HIKGT
TREAREAEKIE > M E BN A & kg

O z,
fi(=aKk,expg
O mg

A F o BEMIEE K IIHEE (effective vertical
hydraulic gradient : a 01) » K, 5528011 11
7Kk F7{E3E i (saturated conductivity) 5 [ N7k 1
TR R

1
0,(0=- Z FAA, v @)

K 0OF ¢ LI TR FEIHIEE ¢ 4 F30)
AP REABEE fIVRIRIE - KL ¢ K]
BRI /K R ZE 1 - e 5 25 S K [ H 1B
Z MK IR Op ITEOR S (Beven, 1986a, b)

0,(t) = Kymexp(—A)exp ﬁ_%t)ﬁ

T AR B 2 AT HESK SR K B AR &
PIRSH T /K Bt 2 i 2 A A o TR A & 7K e
Lot SR - RIES SR I K ALRIE 2 7R
il z PR ACCERE TR

T+ =) +0,(0) DY ~O,(t) Y .o (©6)

TEETTH A FR B O SR - Foa e 58— I
G2 I ARTERIE 2 o iR S LI 5
KRB 2GR T H(6) R TG « ERAE %12
FEGH T KALERRE z SKiF#% > rI#EH(DC > #EK
SIS B2 30 N KATRE « HFEARHR
o (REL m o~ SERAT TR K ERE R K, B
IRAE LK FITEKE Sezmar =28 5
B2 eS8 TR ECR - DIBEeE
JTE PR A -

2.2 SEENR-hIRBREFE A FERIET

H A Horton-Strahler Ji] 1| #FF € —1{f Q
B P o2 B 7K 18 T AR 8 53 2 B A B (Al 2)
B IR A R R 7% 0 R e AR
W GRAE S m 1] T A 52 i 28 S /K I
o H5 L xpr 28 1 AR ZIGHIGRIES - T % 2

_15_



Flow path
Kol =Xy =Xy = X3
Xo1 = X1 = X3

Xpp =Xy > X3

Xo3 = X3

2 BEXBEMBE S B (Lee and Yen, 1997)

R Hrri=1,2,..., Q- HiMh S bes
BRI u(f)n] FKrn B (Rodriguez-Iturbe and Valdes,
1979)

u)= 3 |f o O O f 0% f 0%
wlw w
[P(w)

A PO F RN IRIGE—FEE K w 2B
B WRTHTEEIIE LR E /() Rk
T x; B B 2 SRUEA TIR I BE 2R 73 > Gupta et al.
(1980)Eas A% AR S fii 5 FE 8 s 5 Lee and Yen
(1997)F1] FH AEfLaf e Pl - SR Mo S ey BEL 47 JRR
FRECH > TS & W B U TR AT PR B R 2R )
iz M - HrgH i A & i A TR R AT 2R
T (Wooding, 1965)

R T, BT IBHIR IS ES x,y 2 FHE0 &
FTHERE < n, EBHLARE AR s Lo, 15 1 SIS
WL THIRRE © So 15 | SRFFIBHIT & THIHE -
i, B AR RTARE ¢ m, BEI=513) o 1
YR 2 7P T IR ST I 7T #6755 (Lee and
Yen, 1997)

A Ty, BRI RIRRE R x 2 T E T
B ne BRI : Lo B i P IER ST
YIRS ¢ S i i I FATHIE « m. 5
BR(=5/3) 5 heo, B 1 ARFTARIJIT 130 AT B AKER 5 B
B i I 2 2 R > R ERAIZH
FERIRH_BIFE TIHRE - BETAE R
ZNTT WEFE R AR R SRR 5 2SR T E
B4 T (Lee and Yen, 1997)

X Bo & Q MHfpzSKEmHIRRT - Fk
— R R W R E R -

IRIIE » Rz iR RALIERR u(?) » Bl
B PR S E A TR (8 2B 9 ) - Al
] T I -t S i B AL AR LU TSR
7K it o R R AR © LSS i -t S ey L (R
> R B E )[R ~ 18
bR S B S st S 7 - TR A B mAE
R ECHER M5+ SRk I i g i) S AR
BE + T SRR S AR B e DR 18 Mt R T PR
no » HIZALIKSCRESRE R E (% -

= &ENER

3.1 TAREKERDTL

AN FE 2 H 2 A ER K I 2 R 5
55 3 R 3 B AR K I RS
53.938 km® » FFEER 14 km o fFZ2HRA A
FINEZH ~ FFNE » ARSI H R
& DIREEREZ H ~ R &SRk - DUE
TR 2 B B R - AT e
S 1 v P2 A X SR 9 8 /K T 2 ST IR - (2%
DB PR SUE > DI H i & B R SR
vl TN

3.2 BASBIE RS
B ZE 53 Al B H i R B I i R
A ST B R T o T EIEIR
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*x1

BREKBMNEF

G AN REKRE KB A % M7 )1 I
) # A & AR Haf) FHath FHEE TR PR FHRAE

i N; Pou; Aj (km?) Le; (km) S o; (m/m) S ¢; (m/m) B; (m)

1 30 0.586 1.053 0.782 0.4763 0.1288 4.3

2 6 0.268 6.917 3.123 0.4715 0.0573 21.6

3 2 0.063 19.811 1.787 0.3893 0.0119 31.5

4 1 0.083 53.938 5.135 0.3180 0.0076 60.0

/;]—)ll $$f§1%$ . PX1x2:O.867; lex3:0~033; lex4:0-100; PX2x3:0667, Px2x4:0'333
Time (day)

ik

A fF b
o MEI

I Kilometers
0o 1 2

3 BEESKET) IBERALITIE
FEoKIER 1990 F2E 1992 4 2K SCRUERE K] - AT
FIf B2 iR o I RE S K 5 R R ]
]2 Bk B H R #% » HESK AR BR A bk
Bom £50.024 m + [IREACSGEERERHEE - 715
HiFE BT TR/ TG Ko £ 1.83%107 m/s »
ARG Z BARB R T E K E Skzme Al 0.017 me
4 FHRR K] 1990 527 it BB R -
P B P R0 P45 B AR B ey 0 P 15 21 R
B HIRR RS IR © ZRTILL 1990 4 8 18 MUt %=
MBS > H i BT %2 R0 8RS 160 m'/s »
BHRE G RNEIT /DR R R R &
& 492m’/s > [RGB YRR ST L i B 2
HERLZR VORI & » AL A Qe B T HE
fife fELiE -

DKL AR 2 5 G U I ST DL/ g it A
HEFTHEEE - BT P R SRR 10 22/
I 7K SCHC 5 TRk A 1 75 B 252 - L Sy e B (0 PR AR
R SEE - HORHRE K Z I8 IR AS

0 100 200 300
O DT TS — T T Ty

Rainfall (mm)

1990

160 Heng-Chi

_ _o- - recorded discharge
simulated discharge

— - — base flow

Discharge (m/s)

Time (day)

4 BEEXKEIIIEBRIVEMERE(1990 F)

Time (hour)

0 20 40 60 80
O Il Il Il J
~ 104
L
E 304
2 40
50 -
Heng-Chi
1990/8/18
600 ~ — — o - - Recorded
° discharge
? Simulated
r\\\‘ discharge
[
2 400 I
3 o (4
g i '.f
o |
: i
< A
Q | | 1\
Z 200+ e
= ol 1\
% e
?w \cz 1 ba%\
1 -\
T T T T T T 1
0 20 40 60 80

Time (hour)

5 BEEKE/ )RR ERILVEMIERE(1990/8/18)

FEPRH no 5 3 TRTREE (R B ne £3 0.05 ¢ [ 5
% 1990 4 8 F 18 H eyt ifi EHERS L o Hh fE]
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] RTEE 3l - St Sy B L7 PR A AR =T e Y 4R
1 R P Bt R IR S St o DRI - F Bl ot
BB/ R 2 RRBRERS R - SRR AR
Y H I R AR SO E B - s S IR BLL R
AR/ R S A - 19 RAFARR B R -

3.3 HAEENS) REEN B

i FiE ST 2 T R I o Y B (R RN
558 P PRI T Rt AT - (L ey S R G B
e e PR R 2 S I] o [RTIH S 8 A e P T 5
rh R RN B R > TN AE B - S S A Qe T
JINRE R B AR o DAETT SR K IR o AR M R A
it o INIMAE SRR > TR € — B
#e > DR R H R R B N R B AR 2 14 -
Tt 9% o 2255 K FI 8 G LIRS SRS Y 2= A3 E AR M (5
G KF R, 1994) » # F LRI A ZAERE RN &
FTBTHAEE o FHS DR SKIE SRR R 2
3N FHEH 2 BEN R &R - AR
SEFTERIAIE - 75 5 B i I L IRE H 2R e o7 i o2
e - SN AT A 2N B 2 WA > AR A
ZEhEHiRE N 2 8 a8 HIREREEY)
VNN = ¢ S

IR AR 52 1 SRR R R I » 2 DA A B B
AEEHRER T - ERER R U 3 /N
RN EEE] 10 mm > SRR TN GE
Bl - S SR BT PR AR AR 20> DA T I R B A
o BERE 8 H R R L R T
o BRENITIE 2 K2tk RESRNATELE S
ERSSRY O S B K g » B ERS R
5 25 7 -t 5 et e B (07 R AR R 20 2 G At o A
> MIEEIPRE 2 HIi B REHIRRE - AHT5EEHY
R KIE 1990 2 2000 fENFTRSERY 27 Bl
BERARELT T > LABRET e 8 2 BT e il
ZHERME TR RHETE 27 BRI SRR A 2 3
INRHPTSATERERN & - A5 RAIER 2 fios o HR 2 7
A1 ARTTERTRE E R 3 7NRERE R AT AR P
{# 1990 4F 6 H 23 H. 2 F#W B A E B PEAFHE >
Bk 26 BRI EE 10 mm 1 SFERERTE
e R REATE]E & BRI e » ST A
F A RIER o TR 2 sl E 2/ R

R A B ) i A e o A S ]
R > ST E kg R PR Al B R
L R TE T AR T < & ~ MR 2 e
e FE AR N R AR - FE IR R
HRIRF T g 2 AR

fpFZErf L1990 £ 8 [ 18 [ Z 18 1992
58 F 27 HRAMBIERG] - EITR - BIHLER
REECE T o ] 6 £3 1990 F RS A2 1
RS RENNE R 8 A 18 i 3 /N Z
RRFENECEE 10 mm » RICHTAEHE) - H
Syullelis B R NI LR 20 » DUE A IRFERE
AR ERE + R ROAS AR p NRIAT B AR 2 L
M LU FE PR B S T H I e - ] 7 AR
1992 £ 8 F 27 HRMHEMF 2 Hif B8/
i B A AR RGOS R © I 6 Bl 7 W]
RN o AERRFE R SRR T - v R E
U R /K I T KRR AGERE MRS S5
JEE SRR RS S - R R R )RR AR R
{RULIETR B R R B IR 4 » I ASHEA AR
T > A U S R SR B e R 2 SR K [
THSR -

3.4 RIVRIE

KW FERIEIL Rt SRR - (R AT
SRR P i BB R 22 R 2 R - R
i ArcView 8.2 shPHEHURMEHL R LA 3R
Z A o B RE S N I E R R E R -
REWfEHE - CAD [EfE ~ EHWE R R R
% MEAEN ~ HETT R E R DIGE
A H SR AR ZE FRRRE ST > BC & e AL
ARSI E - T A A R A D RE BE B

lE 8 R > A R AR R 43 i
XK FEFE (GeoFactor) ~ Hift mIEEE(TOP-
MODEL) J 7t 77 & 5 #E(K W GIUH) = fififiAH -
AT Z AR EE DL Fortran f2:03E
ST > Wi ArcView 8.2 MG HEAH
BB N 2 TE R B #%EREE VBA (Visual Basic
for Application)3fE{T AL & BL{H F 17 Th] 2
N7 AR TR G S BERR T 2 1 i
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x2 WEEKBEHSHXRET

Bt FAEA B | 3 e AT A (mm) | R B (mfs) | AR XA B A | kR H A A
1990/06/23 3.8 172 06/24 02:00
1990/08/18 13 492 08/18 09:00 08/19 13:00
1990/08/30 18 668 08/30 02:00 08/30 16:00
1990/09/07 16 290 09/07 03:00 09/07  24:00
1991/06/19 17 233 06/19 15:00 06/20 16:40
1991/06/21 28 130 06/21 14:00 06/21 17:00
1991/08/17 53 126 08/17  06:00 08/18 01:00
1991/09/18 10 134 09/18  09:00 09/18 17:00
1991/09/27 55 48.5 09/27 18:00 09/27 19:00
1992/08/27 15 149 08/27 17:00 08/30 08:00
1993/06/05 16 179 06/05 15:00 06/05 17:00
1994/07/10 12 58.2 07/10 08:00 07/10 23:00
1994/08/07 14 114 08/07 17:00 08/08 13:00
1994/08/23 85 100 08/23 15:00 08/23  16:00
1994/08/31 20 118 08/31 23:00 09/01 14:00
1994/10/09 12 35.1 10/09  03:00 10/10 10:00
1996/07/30 15 243 07/30 21:00 07/31 19:00
1997/06/21 12 86.2 06/21 14:00 06/21 17:00
1997/06/22 21 79.8 06/22  16:00 06/22  23:00
1997/08/17 11 195 08/17 18:00 08/18 10:00
1997/08/28 12 132 08/28 21:00 08/29 13:00
1998/10/04 16 117 10/04 13:00 10/05  05:00
1998/10/15 13 174 10/15 10:00 10/16  09:00
1999/06/17 40 133 06/17 16:00 06/17 18:00
1999/06/18 27 170 06/18 16:00 06/18 18:00
2000/08/23 24 77 08/23  14:00 08/26 14:00
2000/10/31 11 317 10/31  03:00 11/01  06:00

Time Time
_ §-Aug  3-Aug  18-Aug  23-Aug  28-Aug 19-Aug  23-Aug  27-Aug  3l-Aug  4-Sep
E T WU e U'W B
£ 20 | £ 104 |
£ 404 1 1 g 20 H | H
= roriy =0 : |
AAERK EX L BB ‘ ‘
6001—-—}:‘_M‘<A 160 BREHA HAERA AT
Heng-Chi : : : < >
— -~ - Recorded I I |
discharge | | 120 Heng-Chi !
2 400 Simulated [ [ = - —o — — Recorded [
‘g discharge : : £ discharge :
é’n : : ;;_’,, 80 Si.mulated :
8 | | g discharge |
g 207 i T‘ i 2 40 4 i
s :
i \\% | . ‘
0 . o ~ R 0 G0 T —
8-Aug 13-Aug 18-Aug 23-Aug 28-Aug 19-Aug 23-Aug 27-Aug 31- Au& 4-Sep
Time Time
6 = - FRHARERRTVRIIEIGR(1990/8/18) 7 & FREARERRTVEIREIGR(1992/8/27)
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o= & | =
JIE K O M o [ G

iy [Fe | oo o I
| g~ k5D~ A e S < rro|lAh- &g o~

B8 =g

EROPEGES - BIRTHEICEL B I 5 /K I 2 3 S IAT
T WHEH R BT RR B SN T R BT B
Z o MM ARSI 7 Bo e H RN EE
Bl DUEAT SR /KIER F 8 B NRp I 8 Ui T
o

HREM A TR S EE L
Vi Sl 5 £ UK I YA — T [ R o R i 3
PEHIRE o AT R A A AE i AR 2
ZIE TR » BT TH SO PR TR -
WGEAT R R » U TR AR ~ R
Je At & HACCE R B H i BB R &R
ZIAKSERNERL o 35 ARt R H I R
fErstt B FREIGHE G, - (EHH T
NEERIK S EEE K, ~ BEAGREL m SRR e
REFFHTEIKE Spzmax T 2H - Wil AJCHT
ERNL KR RHEZ - BIAE T iR @il
T -

e TG B AR iy - ZH e VT et 2
RN Z N ER R - MRS AM A EE
/N AR [ o P SR KT
PEALE - Wl A SHURRE AR n, ~ RITRESE
TRE n, BLEEIK IR OALE 25 B BITATHET T/
IRt 2 R T 5 o bt i A i NI
PG T E TR - AHUR ERS &R EXCEL &
2o IR AR R SR - B PR e BB fc i
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