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Abstract

This study aims to improve the runoff modeling accuracy of a basin using Hydrological Simulation Program-FORTRAN (HSPF) model
by considering nonhomogeneous characteristics of a basin. By entering classified values according to the various types of land cover and
soil to the parameters in HSPF-roughness coefficient (NSUR), infiltration (INFILT), and evapotranspiration (LZETP)- the heterogeneity
of'the Yongdam Dam basin was reflected in the model. The results were analyzed and compared with the one where the parameters were
set as a single value throughout the basin. The flow rate and water quality simulation results showed improved results when classified
parameters were used by land cover and soil type than when single values were used. The parameterization changed not only the flow
rate, but also the composition ratio of each hydrologic components such as surface runoff, baseflow, and evapotranspiration, which
shows the impact of the value set to a parameter on the entire hydrological process. This implies the importance of considering the
heterogeneous characteristics of the land cover and soil of the basin when setting the parameters in a model.
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Fig. 1. Location, subbasins, and monitoring stations of Yongdam Dam basin
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Fig. 2. Land cover map and Theissen network of Yongdam Dam basin

222 29 23

HAol2t ndlo] o] = BESIAAS Zo| 1} o] Zlo] A
Z 7ol 243 S Y-S X5 Zo|th(Amold et al.,
2012). B Ao A+=2017~2019W-2 HA7]7FO 2, 2020~
202185 AS7IREe 2 shglet. B 52 3t Aetst
2 A4 Q@ 1EHBOD), - 4(TN), Z2(TP)o|th B4 2
2 GrFelr] 91t A B2 {52 A Coefficient of
determination, R?)2} Hat A3 22 (Root mean square
error, RMSE)E, =42 % #}o]2} RMSEE A5t th
(Moriasi et al., 2015). R*= A= gh3} 1. o] gho] At Al S
YERHH, 0~1 APl o] 23 F- 19| 7Pk 5 =2
£ 9JH|$ITHEG. (1)). RMSE= A5 gl 1L.o] gro] Bt o 3¢
=, 4ol 0ol ka5 AE 7 &2 AE o9 Rith(Eq.
(2)). Egs. (1)~(3)°llA] n& HIoT8] 0] =, ii= AIZE, Oz 101141 €]
AZ L 0= AE F B, PaeidlAlel mol gl P ne]
ol Ha-S yEhdoh

(0*@( *_) :
| VEno-of Ja(p-B

(M

2

. in=0 O~ Z?:opi
%Difference = " o <100 3)
i=0 Ui

745 EA 0] Holut Eofo] et EokA] of o
A gro =2 2 f-oof dAste] BT ATt R R%=0.801
~884, RMSE:=2.300~23.645 m*/s H$] 9] A1}= Aglom,
4242 RMSE 0.030~1.011 mg/L, % 2}°] 0.323~21.298%
1o S BS54 ASUTHFig. 3).2020~2021E AF 2
I} -G5F2] R*=0.756~959, RMSE: 3.692~30.443 m*/s
1] AFE A oM, £ RMSE 0.036~1.497 mg/L, %
2}o] 4.598~22.451% HE| o] A A 4= AT

2.3 D71

HSPF 2] 4~ & ol 7<= 5 2] 3 2] Z % (roughness), 5
HFH(evapotranspiration), #S(infiltration) 2} TH=AH i 7
5 A EA BT EFo] EA42 Hhgsto] A skl

NSUR-2 Manning®] ZXEAF=2 550] Q)= A HS] A
A AL =50 52| tigt FH| 23S LAt Arcement.
and Schneider, 1989). A4+ sk 9] folu 95
Aot T8I A4 F SR, ZEAF7HE7IOHE 75
o] 712311 5= 9)7F AFEFTHKim et al., 2010b). HSPFOA]
= AFRES AR Al §H 0 25 E AlF = A FH 9



Y. Kang et al. / Journal of Korea Water Resources Association 55(10) 823-833 827

300

o —Sim
= Obs

R?0.888
RMSE 10.924m’/s

250

R?0.801
RMSE 8.137m%s

n
=
=]

Flow rate [m3/s]
o
(=}

2017 2018 2019 2020 2021 2022

Time [year]
(a) YH - Flow rate
6 % Difference 7.064% | % Difference 4.598% —Sim
RMSE 0.802mgiL | RMSE 0.837mg/L x Obs
5 : *
X i *
) t x
2 A, \
X

= ®, X '
= e - M. o
v T 4 !
= I X I
z
3 | I itk | l "x

2 x [t
=) x|

1 x

o !

2017 2018 2019 2020 2021 2022

Time [year]
(©JA-TN

45 % Difforence 13.776% | % Difference 22.451% | ——Sim
4 RMSE 0.720mg/L ! RMSE 0.815mg/L * Obs

35

Biochemical Oxygen Demand [mg/L]

= |
5 x ® I i ® X,
e o M xodoxx .
.nl g™ ®
15 I I | i
o [l Jh *
1 I x *
05 N/
0 !
2017 2018 2019 2020 2021 2022
Time [year]
(b) JA-BOD
0,18 % Difference 2 374% , % Difference 21.729% —Sim
RMSE 0.030mgiL ! RMSE 0.036mg/L = Obs
0.16 1
014
=
£o1z2
o £
El
5 0.1 x
= 1t
3 1} |
goos fli il Al M
o I e i x
+ 0.06 ‘ | ¥ A
‘6 %
S o4 x (i
KB
0.02 * : %
x
0 H
2017 2018 2019 2020 2021 2022
Time [year]
(d) JA-TP

Fig. 3. Flow rate and water quality calibration results
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SCS Hydrologic INFILT Estimate .
SoilyGroupg (i/hn) p—— Runoff Potential
A 0.4~1.0 10.0~25.0 Low
B 0.1~0.4 2.5~10.0 Moderate
C 0.05~0.1 1.25~2.5 | Moderate to High
D 0.01~0.05 0.25~1.25 High
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NSUR LZETP
Land cover Single Classified Single Classified . .
value value value value Table 4. Parameter setup in each scenario
Agriculture 0.035 0.3 ) Parameter setup
Forest 0.1 0.4 Scenario NSUR LZETP INFILT
Grass 02 0.13 04 0.2 SINGLE Single Single Single
Barren 0.035 0.1 NSUR Classified Single Single
Water 0.03 0 LZETP Single Classified Single
Wetland 0.05 0.4 INFILT Single Single Classified
Urban 0.05 0.015 - - ALL Classified Classified Classified
Table 3. Hydrologic soil group distribution and INFILT estimation in each subbasin
Basin Area Hydrologic Soil Group (%) INFILT (mm/hr)
(km?) A B C D Single value Classified value
Area 1 126.72 0.5 11.2 35 84.8 2.413
Area 2 143.54 0.2 11.9 7.9 79.9 2.489
Area 3 89.34 0 15.2 14.5 70.4 2.794
Area 4 82.61 0 159 13.9 70.2 4,064 2.870
Area 5 172.38 1.9 13.9 9.6 74.5 3.099
Area 6 114.33 1.0 23.1 7.7 68.0 3.658
Area 7 116.54 2.7 19.8 5.4 72.2 3.759
Area 8 84.88 10.8 8.3 10.0 70.9 4.724
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Table 5. Flow rate results of each scenario

okl

R Eslo] 2 1R Fo] J5SHAA 714 R ET STl st

Index Station SIGLE NSUR LZETP INFILT ALL

UG 0.926 0.920 0.931 0.928 0.932

. YH 0.872 0.885 0.881 0.876 0.883

SS 0.697 0.732 0.711 0.712 0.725

DAM 0.934 0.940 0.942 0.944 0.948

UG 2.993 2.935 2.843 2.910 2.775

RMSE YH 8.263 8.562 8.162 8.398 8.389

(m’/s) SS 7.959 7.623 7.776 7.893 7.745

DAM 27.559 23.964 25.565 24.229 22.657
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Fig. 4. Percent changes in flow rate and peak flow rate in each scenario
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Table 6. Water quality results in each scenario

Index Station Variable SINGLE NSUR LZETP INFILT ALL

BOD 19.733 18.915 20.709 19.364 19.845

GM TN 2340 1.201 1.417 3382 4369

9% Difference TP 4533 2.826 3.822 1.988 3.009

(%) BOD 17.341 14.875 18.033 12.658 13.693

JA TN 2.081 2.926 1.796 2.583 2.461

TP 9.013 11.746 7.881 14.579 13.705

BOD 0.840 0.823 0.841 0.827 0.830

GM TN 0.950 0.958 0.945 0.940 0.937

RMSE TP 0.062 0.063 0.062 0.062 0.062

(mg/L) BOD 0.760 0.758 0.743 0.750 0.738

JA TN 0.816 0.815 0.811 0.817 0.808

TP 0.032 0.032 0.032 0.033 0.033
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