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Abstract

An automatic calibration tool of Hydrological Simulation Program-Fortran (HSPF), Parameter Estimation (PEST) program,
was applied at the Imha lake watershed to get optimal hydrological parameters of HSPF. Calibration of HSPF parameters was
performed during 2004 ~ 2008 by PEST and validation was carried out to examine the model's ability by using another data set
of 1999 ~ 2003. The calibrated HSPF parameters had tendencies to minimize water loss to soil layer by infiltration and deep
percolation and to atmosphere by evapotranspiration and maximize runoff rate. The results of calibration indicated that the
PEST program could calibrate the hydrological parameters of HSPF with showing 0.83 and 0.97 Nash-Sutcliffe coefficient
(NS) for daily and monthly stream flow and -3% of relative error for yearly stream flow. The validation results also
represented high model efficiency with showing 0.88 and 0.95, -10% relative error for daily, monthly, and yearly stream flow.
These statistical values of daily, monthly, and yearly stream flow for calibration and validation show a ‘very good’ agreement
between observed and simulated values. Overall, the PEST program was useful for automatic calibration of HSPF, and
reduced numerous time and effort for model calibration, and improved model setup.

keywords : Automatic calibration, Hydrological simulation, Hydrological Simulation Program-Fortran (HSPF), Imha
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Fig. 1. Study area.
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2.2. PEST
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Fig. 2. PEST interact with a model (Watermark Numerical
Computing, 2005).

2.3. HSPF =

HSPF9] %2 Better Assessment Science Integrating
Point Nonpoint Source(BASINS)3.0& ©] &35tk BASINS3.0
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(Table 1).
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Table 1. Land use classification for HSPF application
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Fig. 3. GIS data for HSPF application.
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Table 2. General calibration/validation target or tolerances
for HSPF application (Donigian, 2000, 2002)

Table 3. Statistical analysis of calibration and validation for
daily stream flow

Very good Good Fair Poor R R NS

Daily R >0.8 0.7~0.8 0.7~0.6 <0.6 Calibration 0.91 0.84 0.83

Monthly | R’ >0.85 0.75~0.85 | 0.65~0.75 | <0.65 Validation 0.94 0.88 0.88
Yearly | RE <10% 10~15% 15~25% | >25%
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Fig. 4. Comparison of observed and simulated daily stream flow.
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Fig. 5. The scatter plots of daily stream flow for calibration and validation.
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Fig. 6. Comparison of flow duration curves of simulated and observed daily stream flow.
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Fig. 7. Comparison of observed and simulated monthly streamflow.

Table 4. Statistical analysis of calibration and validation for
monthly stream flow

7

R R NS
Calibration 0.99 0.98 0.97
Validation 0.98 0.97 0.95
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plots of monthly stream flow for calibration and validation.
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Fig. 9. Comparison of yearly runoff between simulated and observed values.

Table 5. Relative errors between simulated and observed values

Year Simulated yearly Observed yearly Relative Model
runoff (mm/yr) runoff (mm/yr) error performance
2004 717 777 -8% Very Good
2005 399 401 0% Very Good
2006 613 667 -8% Very Good
2007 467 449 4% Very Good
2008 163 151 8% Very Good
Calibration 472 489 -3% Very Good
1999 645 765 -16% Fair
2000 444 417 6% Very Good
2001 295 221 33% Poor
2002 883 971 -9% Very Good
2003 1008 1265 -20% Fair
Validation 655 728 -10% Very Good
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Table 6. Possible ranges and optimized values of calibrated HSPF parameters

Parameter Description Possible range Optimized values
LZSN Lower zone nominal soil moisture storage (mm) 50 ~ 380 50.8
INFILT Related to infiltration capacity of the soil (mm/hr) 0.25~25 0.25
KVARY Groundwater recession flow parameter (em™) 0~7.62 0

AGWRC Groundwater recession rate (da)r") 0.83 ~0.99 0.99
DEEPFR Fraction of groundwater inflow to inactive groundwater recharge 0.0~0.5 0.0
BASETP Fraction of remaining ET from baseflow 0.0 ~0.05 0.02
CEPSC Interception storage capacity (mm) 0.25~10.1 2,54
UZSN Upper zone nominal soil moisture storage (mm) 1~50 14.6
NSUR Manning’s n for overland flow 0.01~0.5 0.01
INTFW Interflow inflow parameter 1.0~ 10.0 4.55

IRC Interflow recession parameter 0.3~0.85 0.85
LZETP Lower zone ET parameter 0.1~0.9 0.1

Source: U.S. EPA (2000)
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