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Abstract

It is usually not easy to simulate the hydrologic cycle or water quality for ungaged watersheds, especially for long-term simulation. In
this paper we evaluated the applicability of GSSHA, a process-based distributed hydrologic model, for the long-term discharge and
water quality simulation for the ungaged Peace dam watershed. From the comparative analysis of the simulated discharge and water
quality series with measured ones, we concluded that with its overall fair performance on simulating hydrograph patterns of the peak
discharges and base flows for major storms the GSSHA model showed some possibility to be used as a watershed model even with its
overestimation of peak discharges for small storms and different trends of simulated water quality from measured ones for some periods.
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Fig. 1. Study site: the Peace dam watershed
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Fig. 2. Hourly rainfall data at the Mahyun and Imnam AWSs
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Fig. 3. Hourly air temperature at the Bukchoonchun weather station
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Fig. 5. Hourly relative humidity at the Bukchoonchun weather station
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Fig. 6. Hourly wind speed at the Bukchoonchun weather station
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Table 3. TN parameter values from Peace dam watershed calibration

Table 1. Infiltration parameter values from Peace dam watershed

calibration
Parameter Soil types
SM ML/OL | Clay

Hydraulic conductivity (cm - hr™") 3.006 0.282 0.091
Capillary head (cm) 11.010 | 20.880 | 31.630
Porosity (-) 0.453 0.464 0.475
Pore distribution index (-) 0.378 0.242 0.165
Residual saturation (-) 0.041 0.075 0.090
Field capacity (-) 0.207 0.318 0.396
Wilting point (-) 0.095 0.197 0.272

Table 2. Groundwater parameter values from Peace dam watershed
calibration

Soil types

Parameter
SM ML/OL | Clay

Hydraulic conductivity (cm - hr'") | 15.63 8.75 2.19

Porosity (-) 0.45 0.46 0.48

Land covers
Parameter
Urban Arable Forest Grassland Barren
Dispersion (m? - s™) 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03
Decay (day™) 3.80E-03 3.80E-03 3.80E-03 3.80E-03 3.80E-03
Uptake (m - day™) 7.90E-05 7.90E-05 7.90E-05 7.90E-05 7.90E-05
Soil concentration (mg - kg) 5.31E+03 6.40E+03 1.86E+03 2.70E+03 1.65E+03
Groundwater concentration (mg - L) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Initial concentration (mg - L™) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Soil water distribution (L - kg™) 2.42E+01 2.42E+01 2.42E+01 2.42E+01 2.42E+01
Solubility (mg - L™) 1.50E+03 1.50E+03 1.50E+03 1.50E+03 1.50E+03
Table 4. TP parameter values from Peace dam watershed calibration
Parameter Land covers
Urban Arable Forest Grassland Barren
Dispersion (m*-s™) 1.00E-03 1.00E-03 1.00E-03 1.00E-03 1.00E-03
Decay (day™) 2.60E-03 2.60E-03 2.60E-03 2.60E-03 2.60E-03
Uptake (m - day™) 5.30E-05 5.30E-05 5.30E-05 5.30E-05 5.30E-05
Soil concentration (mg - kg') 2.10E+02 3.20E+02 6.75E+01 1.13E+02 5.25E+01
Groundwater concentration (mg - L) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Initial concentration (mg - L) 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
Soil water distribution (L - kg™) 1.35E+02 1.35E+02 1.35E+02 1.35E+02 1.35E+02
Solubility (mg - L™) 2.00E+02 2.00E+02 2.00E+02 2.00E+02 2.00E+02
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At Aol 5 2 Aolshe Aol BrgAlsith &2 7ol A
R 50] AT ey H o 2 SR W9l el 2t
o) 2718 WA Fer kAN A3 AR 2718 APHeH
o= Faheek. Bg o] Aa A7H HP 2800 91 Ho] 4
(24GB RAM, Intel Xeon 3.07-3.06GHz Dual Processors)®l|
A 2AT A 28 FH A

M 2

3. G420 2 Eo

3.1 HElo|tH AR RE ol &
20179 A= 2tz of sl B9

ol

75 o]

X, oo
ol
)
S
3

AE 2018d782] 28 59 A<sto] Fateld A3 o] -
= Lofet Arl= Fig. 99H AT GSSHA g2 42514
HEgol W2 2 B 22 2 B9l Rofstal Sk g
AR IR BLOfsh=E] 2E Bo] Ak 2 ool e o el
72 217gste] 222 4= Qlek. 2 Aol e A5 4 /A

motu|is}7] Slste] mo] Aukg 12 740
s 1o]5 2)40] e mele Hoj £-<)

Mo Hu
M
I8
_O'L
8
o)

o |
[\e]
2
o0
o
o0
e

319 AR 782.4 m’ - s o] o] 2T ol AX F HYF 127
o Eog AW 649 E Arolct Holo|dl Gof 21zt
& Z4$ako] 9F 19,69 Eolng mojd GakA| g o] P
o

282065 AL WA AR gl P A0
oF. 1, SHIel A 2 Q- RREo 2 E Ao
S slolg A2 AL £ FUFS 1459 Eo=
739 E AT Wt FEES 074 AERA thh L

R

1o

[0
e = o
o 4 ro

(]

=27 2] & ¥| 25} Fig. 109 A|A|5HATE

Lo FAFAES T3 S9f tfet HFRFe 27
oF 1A A7) 2= 71 M7= FHl 5 AR A
o] Felj7t Zg x|t vl A F Lx|sh= A o2 HQlck. et

o] fgFol 52| Bt disiA| BojE gl £6]2017d
20180 HAsh= o 2 7 2] 2F2 . T-e-of tof] 5
e S| Bt AishA R ofsh= ke Holal Qlrk

] 22 GSSHA 2§ o] uj 74 H o] Zebdghd| 719
7S E JAT L FEFole= AtE 57 2] 27 Y(scale)
2ol B4=0 S AA| ot dkashA Brlekal k&
7FsA T A 4= glt. A& 50 352 A& 71710] 4= Al
Q1 22 1 0] B4 7ol FEF-R7Fe] 3710 vlof 3}
Ao 2o T FF2 Ay oz 2F3 4= qlrt o] A% o]
7 gof it d B {2 2] AERel
|5} ui-¢- 2HA] vepd 4= Qo

galold 2o A o] A7 {5 Bl At EAH R
AR5 B7157] 915He] Moriasi et al. (2015)°] A RE
NSE (Nash-Sutcliffe efficiency)2} PBIAS (percent bias) ]
BE HESIItKTable 5). F 2| & BF 7] f3A D] ¥
7toll e NSE= R 2| A Dt S 1] Al B 7] H o
o] o= A= YRSH=AE B7Fsh= RIHol PBIAS= 29
2|9} £ 2)7k0] @ 2F A& W7ok 2| Folth

durzo® A A Dol ths NSEZF0.0 Hrt 2hoH
unacceptable, 0.50 ©]4}o|H satisfactory, 0.7 ©]A4-2 good &
2 HII3Itt PBIAS= +30% X tF 2 unacceptable, 109]14]
15% H 91+ satisfactory, 50141 10%= good .2 H7Fgich
(Moriasi et al., 2015).

goto| 2ol thof] o fgA F= A H i ul7f
g B 713091 201732 A2 F2H A= 2
2 yEepgth 239 14

o B

O AFHdS S Bt fjotA| RojRt w2 o= Hof
S5 olof thet Ll gt o] 5 75| St A7 B
7oz Atz Ert



364

S. H. Jang et al. / Journal of Korea Water Resources Association 53(5) 357-367

Flow vs. Time
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Fig. 9. Simulated discharge hydrograph at the Peace dam
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Fig. 10. Simulated and measured inflow series at the Peace dam

Table 5. Statistical performance evaluation for simulated flow series at the Peace dam

Performance evaluation criteria
Simulation period Remarks
NSE PBIAS
Year 2017 0.75 25 good / acceptable
Year 2018 0.30 2 acceptable / very good
Years 2017~2018 0.58 12 satisfactory / satisfactory
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Fig. 11. Simulated and measured TN at the Peace dam
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Fig. 12. Simulated and measured TP at the Peace dam
Table 6. Statistical performance evaluation for simulated contaminant series at the Peace dam (Unit: mg- L)
. . . Mean of TN Mean of TP
Simulation period - - Remarks
Simulated Measured Simulated Measured
Year 2017 1.97 1.78 0.012 0.009
Year 2018 1.78 1.78 0.012 0.012
Years 2017~2018 1.83 1.78 0.012 0.011
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