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Estimation of the Hapcheon Dam Inflow Using HSPF Model

x84

o:
_c'

Hyun Kyung Cho * Sang Min Kim

ABSTRACT

The objective of this study was to calibrate and validate the HSPF (Hydrological Simulation Program-Fortran) model for estimating the runoff of the
Hapcheon dam watershed. Spatial data, such as watershed, stream, land use, and a digital elevation map, were used as input data for the HSPF model.
Observed runoff data from 2000 to 2016 in study watershed were used for calibration and validation. Hydrologic parameters for runoff calibration were
selected based on the user’s manual and references, and trial and error method was used for parameter calibration. The R?, RMSE (root-mean-square
error), RMAE (relative mean absolute error), and NSE (Nash-Sutcliffe efficiency coefficient) were used to evaluate the model’s performance. Calibration
and validation results showed that annual mean runoff was within +#4% error. The model performance criteria for calibration and validation showed
that R? was in the rang of 0.78 to 0.83, RMSE was 2.55 to 2.76 mm/day, RMAE was 0.46 to 0.48 mm/day, and NSE was 0.81 to 0.82 for daily
runoff. The amount of inflow to Hapcheon Dam was calculated from the calibrated HSPF model and the result was compared with observed inflow,
which was -0.9% error. As a result of analyzing the relation between inflow and storage capacity, it was found that as the inflow increases, the storage
increases, and when the inflow decreases, the storage also decreases. As a result of correlation between inflow and storage, R? of the measured inflow
and storage was 0.67, and the simulated inflow and storage was 0.61.
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1. Meterials and Methods
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Table 1 HSPF hydrology parameters and value ranges
. o Range of value
Parameter Unit Definition - -
Typical Possible
LZSN inches Lower zone nominal soil moisture storage 3.0-8.0 2.0-15.0
INFILT in/hr Index to infiltration capacity 0.01-0.25 0.001-0.5
KVARY 1/inches Variable groundwater recession 0.0-3.0 0.0-5.0
AGWRC none Base groundwater recession 0.92-0.99 | 0.85-0.999
DEEPER none Fraction of groundwater inflow to deep recharge 0.0-0.20 0.0-0.50
BASETP none Fraction of remaining ET from baseflow 0.0-0.05 0.0-0.20
UZSN inches Upper zone nominal soil moisture storage 0.1-1.0 0.05-2.0
NSUR none Manning’s n (roughness) for overland flow 0.15-0.35 0.05-0.50
INTFW none Interflow inflow parameter 1.0-3.0 1.0-10.0
IRC none Interflow recession parameter 0.5-0.7 0.3-0.85
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Fig, 2 Landcover and DEM in Hapcheon dam watershed
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Table 2 Landcover classification for Hapcheon dam watershed

Landcover Area (km?) Area ratio (%)
Urban or Built—up land 289.9 31.3
Agricultural land 98.2 10.6
Forest land 320.4 34.6
Marshy land 50.7 5.0
Barren land 374 4.0
Wetlands/water 82.1 8.8
Total 925 100
Table 3 Range of R? for model performance evaliation (Donigan, 2000)
ltem Very good Good Fair Poor
Flow 0.8 (R < 1.0 07(R* <08 0.6 (R <07 R® <06
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Table 4 Calibrated result of HSPF hydrology parameters in Hapcheon dam watershed

Parameter Unit Initial value Landcover Calibration result
Forest 5.0
LZSN inches 6.0 Agriculture 2.0
Etc. 2.0-5.0
Forest 0.5
UZSN inches 1,128 Agriculture 0.05
Etc. 0.05-0.5
Forest 0.2
NSUR none 0.2 Agriculture 0.2
Etc. 0.2
Forest 0.5
INTFW none 0.75 Agriculture 0.01
Etc. 0.01-0.5
Forest 0.5
IRC none 0.5 Agriculture 0.5
Etc. 0.5
Forest 0.01
INFILT in/hr 0.16 Agriculture 0.01
Etc. 0.01-0.1
Forest 0.999
AGWRC none 0.98 Agriculture 0.999
Etc. 0.98-0.999
Forest 0.1
DEEPER none 0.1 Agriculture 0.45
Etc. 0.1-0.5
Forest 0.0
BASETP none 0.02 Agriculture 0.02
Etc. 0.0-0.02
Forest 0.1
KVARY inches 0 Agriculture 0.0
Etc. 0.0-0.1
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Fig. 3 Comparison between observed and simulated daily runoff for calibration period
Table 5 Observed and simulated annual mean runoff and model performance results for calibration period
Precibitati Observed Simulated RMSE RMAE
recipitation
Year > Runoff Runoff Runoff Runoff R? (mm/ (mm/ NSE
(mm)
(mm) rate(%) (mm) rate (%) day) day)
2011 1,321 817.4 61.9 807.5 61.1 0.91 1.76 0.31 0.94
2012 1,538 990.9 64.4 817.6 53.2 0.72 429 0.54 0.69
2013 1,085 622.4 57.4 604.8 557 0.85 1.32 0.35 0.90
2014 1,242 5477 44 1 619.2 499 0.77 1.64 0.44 0.77
Mean 1,297 7446 56.9 712.3 55.0 0.83 2.55 0.46 0.82
1000 0 1000
| I Rainfall
100 " Observed 300 = — 100
I { ™ 3
E t <+« Simulated H E .E-
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% . j: g !
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Fig. 4 Comparison between observed and simulated daily runoff for validation period
Table 6 Observed and simulated annual mean runoff and model performance results for validation period
- Observed Simulated RMSE RMAE
Precipitation 2
Year (mm) Runoff Runoff Runoff Runoff R (mm (mm NSE
(mm) rate(%) (mm) rate(%) /day) /day)
2004 1,547 868.7 56.2 871.0 56.3 0.84 2.66 0.13 0.89
2005 1,244 556.1 447 599.6 48.2 0.77 2.19 0.63 0.75
2006 1,411 747.4 53.0 7705 54.6 0.67 3.27 0.65 0.78
2007 1,729 916.4 53.0 974.9 56.4 0.83 2.9 0.49 0.83
Mean 1,482 7722 51.7 804.0 53.9 0.78 2.76 0.48 0.81
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Table 7 Comparison between observed and simulated inflow to Hapcheon dam from 2000 to 2016

.. Rainfall (mm) Observed Simulated
Inflow (mm) Inflow rate (%) Inflow (mm) Inflow rate (%)

2000 1,595 982.2 61.6 885.1 55.5
2001 1,125 475.9 423 538.7 47.9
2002 1,769 1136.0 64.2 989.3 55.9
2003 1,951 14215 729 1055.3 541
2004 1,548 862.9 557 856.6 553
2005 1,245 639.5 514 659.4 53.0
2006 1,411 752.3 53.3 709.9 50.3
2007 1,729 896.0 51,8 9427 545
2008 616 228.0 37.0 239.0 38.8
2009 975 332.6 341 438.7 45.0
2010 1,549 905.6 58.5 857.6 55.4
2011 1,321 790.6 59.8 683.5 517
2012 1,538 917.4 59.6 809.4 52.6
2013 1,086 499.0 46.0 517.1 47.6
2014 1,242 582.2 46.9 629.3 50.7
2015 1,031 398.9 38.7 4842 47.0
2016 1,230 583.6 47.5 606.8 493
Mean 1,351 729.7 51.8 700.2 50.9
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