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Supplementary material 

Water footprint calculation methods based on field crop water requirement and irrigation schedule 

Water footprint calculation methods based on field crop water requirement (equation 2) and 

irrigation schedule (equation 3) are as follow (Hoekstra et al., 2011): 
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where CWUgreen is the green component in crop water use, CWUblue is the blue component in crop 

water use, ETgreen is the green water evapotranspired, ETblue is the blue water evapotranspired, Y is the 

crop yield, ETc is the crop evapotranspiration, Peff is the effective precipitation, Kc is the crop coefficient, 

ET0 is the reference evapotranspiration, IRRt is the total net irrigation, IRRa is the actual irrigation 

requirement, ETa is the adjusted crop evapotranspiration, Ks is the soil water stress coefficient, which 

describes the effect of water stress on crop transpiration, For soil water limiting conditions, Ks < 1; when 

there is no soil water stress, Ks = 1. These equations are based on CROPWAT model. 

 
SWAT model Calibration and validation in HID 

The Sequential Uncertainty Fitting (SUFI-2) algorithm in SWAT-CUP was applied for calibration 

and validation (Abbaspour et al., 2007; Abbaspour, 2012) by comparing the simulated stream discharge 

from the model with the measured discharge data. The global sensitivity analysis integrated within SUFI-

2 was used to evaluate the hydrologic parameters for the discharge simulation and then the optimal 

simulation is established by adjusting the sensitivity parameters and through multiple iterations. The 
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calibration period was from 2006-2009, and the validation period was from 2010-2012. 

For calibration and validation analyses, the monthly measured discharges were compared with the 

simulated discharge data and the model performance was evaluated using the coefficient of determination 

(R2), Nash efficiency coefficient (NSE) (Nash and Sutcliffe, 1970; Moriasi et al., 2007) and percent 

deviation (PBIAS) (Gupta et al., 1999). 

The NSE is widely applied in hydrologic models that range from negative infinity to 1 with 1 being 

the ideal value. The PBIAS assesses the average deviation of the simulated values from observed values 

with 0 as the ideal value, and a positive (negative) PBIAS value shows an underestimation 

(overestimation) bias of the simulated variable compared to the measured variable. The monthly model 

data simulation results can be classified as satisfactory if R2 > 0.6, NSE > 0.5 and PBIAS < ±25 and can 

then be used for further analysis (Moriasi et al., 2007). 

The SWAT-CUP parameter sensitivity analysis procedure showed that the CN2, ESCO, 

GW_REVAP and ALPHA_BF parameters were more sensitive. In this study, the R2, NSE, and BIAS for 

the measured and calibration period were 0.77, 0.65 and 17, respectively; and the R2, NSE, and PBIAS 

for the validation period were 0.68, 0.61 and 21, respectively(Luan et al., 2018). The model simulation 

result can be classified as satisfactory (Moriasi et al., 2007). Therefore, the results demonstrated that the 

SWAT model was applicable in HID for future hydrologic process assessments. 
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