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Abstract

The objective of this study was to evaluate simulation of agricultural water supply considering yearly variation
of irrigation efficiency. The water supply data of the Idong reservoir from 2001 through 2009 was collected and
used for this study. Total 6 parameters including irrigation efficiency (£s), drainage outlet height, and infiltration,
were used for sensitivity analysis, calibration, and validation. Among the parameters, the Es appeared to be the most
sensitivity parameter. The Es was calibrated on a yearly basis considering sensitivity and time-varying characteristic,
while other parameters were set to fixed values. The statistics of percent bias (PBIAS), Nash-Sutcliffe efficiency
(NVSE), and root means square error to the standard deviation of measured data (RSR) for a monthly step were 2.7%,
0.93, and 0.26 for the calibration, and 3.9%, 0.89, and 0.32 for the validation, correspondently. The results showed
a good agreement with the observations. This implies that the modeling only with appropriate parameter values,
apart from modeling approaches, can simulate the real supply operation reasonably well. However, the simulations
with uncalibrated parameters from previous studies produced poor results. Thus, it is important to use calibrated
values, and especially, we suggest the Es’s yearly calibration for simulating agricultural water supply.

Keywords : agricultural water supply; irrigation water requirement, irrigation efficiency, sensitivity analysis,
model evaluation
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Table 1. List of Calibration Parameters for Agricultural Water Supply Simulation

Parameters | Description Range References
PDmax | Drainage outlet height in paddy fields (mm) 34.6~123.7 Kang et al. (2006)
PDmin | Minimum ponding depth for rice cultivation (mm) 3.0~60.0 Huh et al, (1993),

Anan et al. (2004)
L . Im et al. (2000b),
DP Deep percolation in paddy fields (mm) 1.0~8.8 Song et al. (2013)

. . Bos and Nugteren (1990)

[ N )
Es Irrigation efficiency (%) 46~93 Kim et al. (2005)
NWR Water requirement during the nursery period (mm) 80~250 Chung et al. (2006)
TWR Water requirement during the transplanting period (mm)| 80~250 Chung et al. (2006)
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Table 2. Performance Ratings for Based on the Statistics of Monthly Data (Moriasi et al., 2007)
Performance Rating RSR NSE PBIAS(%)
Very good 0.00 < RSR < 0.50 0.75 < NSE < 1.00 PBIAS <+ 10
Good 0.50 < RSR < 0.60 0.65 < RSR < 0.75 +10 < PBIAS <+ 15
Satisfactory 0.60 < RSR < 0.70 0.50 < RSR < 0.65 +15 < PBIAS <+ 25
Unsatisfactory RSR > 0.70 NSE < 0.50 PBIAS > 25
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Fig. 1. (a) Location of the Idong Reservoir Irrigated District, (b) the Photo of the Main Irrigation Canal,
and (c) the Stage-discharge Relationship Curve
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Fig. 2. Sensitivity of Agricultural Water Supply-related Parameters: (a) Calculation Procedure of
Relative Sensitivity, and (b) Sensitivity Index
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Table 3. The Calibrated Parameter Values
Parameters Calibrated value
PDmazr (mm) 50.0
PDmin (mm) 28.4
DP (mm) 5.4
TWR (mm) 250.0
2001 60.1
2002 69.8
2003 49.7
Es (%) 2004 56.8
2005 59.3
2006 52.9
2007 73.0
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Fig. 3. Observed and Simulated Agricultural Water Supply for the Calibration Period of the Idong
Reservoir: (a) 10-days Time Step, and (b) Monthly Time Step
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Fig. 4. Scatter-plots of the Observed against the Simulated Agricultural Water Supply for the Calibration
Period of the Idong Reservoir: (a) 10-days Time Step, and (b) Monthly Time Step

Table 4. Summary of the Calibration and Validation of Agricultural Water Supply

Observed mean| Observed | Simulated NSE RSR
. s PBIAS
Run type | Time | precipitation [total supply| total supply %)
(mm) (mm) (mm) ° 10-days | Monthly | 10-days | Monthly
2001 8755 1,661.5 1,622.0
2002 1,057.8 1,132.6 995.6
2003 1,333.6 1,526.8 1,498.1
Calibration| 2004 1,047.5 1,670.6 1,638.6 2.7 0.87 0.93 0.37 0.26
2005 1,260.4 1,476.4 1,463.3
2006 1,192.8 1,8154 1,802.6
2007 1,078.6 1,258.5 1,242.2
L 2008 1,193.2 1,475.3 1,280.5
Validation 3.9 0.74 0.89 0.51 0.32
2009 1,295.6 1,697.2 1,768.9
# All data were calculated from April through September
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Fig. 5. Observed and Simulated Monthly Agricultural Water Supply for the Validation Period of the
Idong Reservoir: (a) Time—series, and (b) Scatter—plot
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Table 6. Simulation Statistics Using the Type A and the Type B Parameters

R? NSE RSR
Run type | PBIAS (%)
10-days Monthly 10-days Monthly 10-days Monthly
Type A 43.1 0.62 0.65 0.29 0.03 0.84 0.98
Type B 224 0.62 0.65 0.52 0.49 0.69 0.71

Type A: PDmaz 80.0 mm, PDmin 30.0 mm, DP 4.6 mm/day, T7WR 140.0 mm, NWR 140.0 mm, and Es 75%
Type B: PDmazx 80.0 mm, PDmin 30.0 mm, DP 4.6 mm/day, TWR 140.0 mm, NWR 140.0 mm, and Zs 55%,
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