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Analysis of Runoff Characteristics for a Small Forested
Watershed Using HYCYMODEL'

- At a watershed in Mt. Palgong -
Jae Chul Park? and Heon Ho Lee®
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ABSTRACT

This study was carried out to reveal characteristics of long-term runoff by using HYCYMODEL in a
small forested watershed. From May to September in 1998 and in 1999, the fitness of HYCYMODEL and
runoff characteristics were estimated by HYCYMODEL using rainfall and discharge at the experimental
watershed. The function of stage and discharge in the experimental watershed was determined as following
equation Q = 11,148 H>*(R*=(0.9956). From May to September in 1998 and in 1999, the runoff rates
were 57.7% in 1998 and 87.1% in 1999 at the experimental watershed. The discharge was assumed to be
increased because of rainfall intensity difference and thinning. By applicability test, the HYCYMODEL
showed good estimation of runoff by optimized fifteen parameters. Comparing runoff characteristics before
and after thinning by calculating through HYCYMODEL, direct runoff and base runoff increased 4%,
7%, respectively as evapotranspiration decreased 11%. Parameters Dy and Kn, which were related to the
direct runoff, and a parameter K., which was related to the baseflow, were assumed to indicate that
forest was changed by the effect of thinning and weathering process of bed rock.

Key words : HYCYMODEL, thinning, rating curve, vumnoff characteristics, small forested watershed,
runoff, discharge.
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Table 1. Topographic features of the experimental

watershed.

Factors Unit
Basin area(Thinning area) ha 17.7 (1.7
Form factor of basin 0.348
Drainage density km/ha 0.038
Relief ratio % 26
Mean gradient of relief % 11.03
Altitude m 483~700
Mean altitude of basin m 645.6
Main stream length km 0.509
Mean basin width km 0.348
Soil hardness kg/cm®  0.8~3.0
Soil type sandy loam
Bed rock granite
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Table 2. Monthly rainfall and discharge observed at the experimental watershed from May to September

in '98 and '99.
Month
Year —————  May June July Aug. Sep. Total
Factor
Rainfall 339.0 1,561.5
- (mm/month) 162.5 292.0 229.5 538.5 (46.5) (1.269)
Discharge 30.9 167.1 155.2 444.1 103.9 901.2
(mm/month) 17.3) (814.6)
Rainfall 323.5 1,289.5
gy | (mm/month) 1655 2085 265 S G (.02
Discharge 56.8 110.0 193.5 281.7 481.6 1,123.6
(mm/month) (128.8) (770.8)
#( ) : Rainfall used for HYCYMODEL
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Fig. 2. Schematic of device for discharge measuring.
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Table 3. Parameters for HYCYMODEL..

Parameter Definition
C ratio of impermeable area
Dsy effective top soil depth in which the ratio of the contributing area for subsurface flow
is equivalent 50 percent
Dig effective top soil depth in which the ratio of the contributing area for subsurface flow
is equivalent 16 percent
K. coefficient for storage function in Tank V
Khn coefficient for storage function in Tank IV
K coefficient for storage function in Tank II
Kb coefficient for storage function in Tank I
Py coefficient for storage function in Tank II
Qne » discharge for storage function in Tank II
Delta, IG coefficient for transpiration
Al A coefficient for transpiration
Az, Ay coefficient for interception
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Fig. 5. Relationship between stage and discharge.
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Table 4. Monthly rate of runoff at the experimental watershed.

Month
Year May June July Aug. Sep. Total
Factor
Rainfall 339.0 1,561.5
1998 (om/meonth) 162.5 292.0 229.5 538.5 (46.5) (1269)
Discharge 103.9 901.2
(mm/month) 0.9 167.1 1%2 ML 73 @gl4.6)
Runofl rates 19.0 57.2 67.6 82.5 (3370.-3) o 5
Rainfall 323.5 1,289.5
1999 (mm/month) 165.5 208.5 246.5 345.5 61.0) (1021
Discharge 481.6 1,123.6
(mm/month) 6.8 100 195 BLT o878y (770.8)
Runoff rates 148.9 87.1
(%) 34.3 52.8 7.5 8.5 @iy (5.

#( ) : Rainfall data used for HYCYMODEL
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Table 5. Optimum parameter values and errors by the function Fi and F>.

Parameter C Dsp Dis K. K K. Ky Py She
Year Delta IG Al A Ay A R )28
1998 0.0022 29.54 21.45 3.8 28.4 59.850  375.7 0.0435  0.17
0.887 1440 140.35 0.09 1.043 0.11 0.4634¢  0.0135
1999 0.0022 28.710  21.8 3.89 2.4 59.815  375.7 0.0,63  0.27
0.592 720 105.35 0.09 1.053 0.02 0.3558  0.0146
Fig. 67 Fig. 7l 98 %9} 994 % 5~ 9%77]: eld AL 98 x| $-3A e} A 2% w3}
A #E FEFAAT wdo 9§ A $EFA of 7113 Aoz wEn, HEg dql FHS
& A EA s, drEE Aodslae 2l HEMe FERSFICAA o §2 A 1%
2§ A FEFAC] & FEFHE 2 Adsl  ARE WY LE BAY Hot U= AR 44
aglen, & mdd o3 v A 2 43 sl

Ex ok3d Aoz vepdt, Wi Ge
A3 7 Fr) ke, AYle ESREE v
He Do, Dt &5 e K, K, K&
el dsroz Qs ghe] Waet Aoz FaH
ch, Bdxe] A ea Fe] 9d=r =A o

19888 HYDROGRAPH

« @
8
{inoyauw)irejuiey

Discharge{mm/hour)

Month

. Calibration of observed and calculated hydro-
graph at the experimental watershed in 1998.
Obs : Observed discharge, Cal : Calculated

discharge, Rf : Rainfall
1999 HYDROGRAPH
| LA T YT oz
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¥

- Qs
s Cal
L

Discharge (mm/hour)
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Fig. 7. Calibration of observed and calculated hydro-
graph at the experimental watershed in 1999.

(2) ZxeE 54

C, Ds, Died AAFEFAAEL & HY3le
WA ER, o] ZAe-dl Gy 1998\ 1999\ 0]
0.0022% FdshA Jebdch, ol f9wAe
<F 10.2% HA hd-g AAslg e} 7Y
o] 2 AMZH(UE)FHE fAsln g F2
w-g Frledle A gL vAR] 2] o
oz FAHch, wspE4$ Doy Table 541 %
Algt ulep o], FEFQolA] HHF 1de] A
a2 o 0.84 AE 7Faslgnh, o]ze
g X2 E HAfreREY 9oz FAH
I, REus F(1989)0] 7hde] ofdg wtyl A4
e} wlgzelA vy, &, diiE S Ce 4
st Dyel ZAasid AR e AARE
ol nigslAlwl djf 2 e A Sl
= AL v, K., K AAR32 AL
=& Addgste dppEss Ke 984, 99 =%
A3 @& Jelm AR, K 3o] #As)
Rt o] Ade AFFE HAS=SL AAAH
o2 watdl A oviae], el & =74
Mg ZFE ARFT FejFde] F3tE )|

Fog seidc,

(3) 7IxMwE &Y

Table 594 712 f-&o BAs= HHES K
£ 147 oF 0.0357) At e, wiAHs K
£ 985 994 ® 5 375,72 FUdsHA ebd),
ol At 7| {EHE Frbt AA LR o
7t Wt Acke AL Srisbe, B ol 7IAHK
9 +¥F WiHS7E f99) AAzAE A



WEREREEE 39(5)%. 20004 12A 573

AFolA ek FEvt w
7] ¥ AT, ez
WG Prie 142 <F 0.0128¢] F7)ated 714
Fr&2e ARA shtElA FHEeE AE G F 3
Aok, = 2494 SASA wWAES St 98
WEr) 0.17¢1d ¥l&) 9=+ 0.272 0.10) &
zhstdEdl, olv FAtgke] dal=e AAFEH
9] Zrlel &g ez #uE,

Evgrd-g olgalod A4 19983 % 1999
Qe Azkere] A7 4§45 sEFdesre 234
&% 29 1A 242 2elsld Fig. 8% Fig.
9o vellide}, F AVIHE SEFAANA 1A
&2 Belgite] %ol 7t wEA g
sz Ao Jehgon, o] ARE {9 afe
$F WS AaaA 2Ad AP HES

1998 HYDROGRAPH

T

{inoyau) fejurey

8

4

R L “\P\M\

June July August September
Month

Discharge (mm/hour}

Fig. 8. Separation of direct runoff and base flow
from calculated hydroograph at the experi-
mental watershed in 1998.
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Fig. 9. Separation of direct runoff and base flow
from calculated hydrograph at the experi-
mental watershed in 1999.
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