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Abstract

It is essential to locally adjust the Hargreaves parameter for estimating reference evapotranspiration
with short data as a substitute of Penman-Monteith equation. In this study, evaluation of daily—based
reference evapotranspiration is computed with Hargreaves equation. in Gyeonggi bay area including
Ganghwa, Incheon, Suwon, Seosan, and Cheonan station for the time period of 1997-2004. Hargreaves
coefficient is adjusted to give the best fit with Penman—Monteith evapotranspiration, being regarded as
a reference. Then, the preferred parameters are validated for the same stations for the time period of
2005-2006. The optimization—-based correction in calibration for 1997-2004 shows improved performance
of the Hargreaves equation, giving 0.68-0.77 to 0.92-0.98 in Nash-Sutcliffe coefficient of efficiency
(NSC) and 14.63-23.30 to 5.23-11.75 in RMSE. The validation for 2005-2006 shows improved
performance of the Hargreaves equation, giving 0.43-0.85 to 0.93-0.97 in NSC and 14.43-26.81 to
6.48-9.09 in RMSE

keywords : Reference Evapotranspiration, Hargreaves Equation, Penman-Monteith Equation, Gyeonggi Bay
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Table 1. Yearly Mean of Climate Variables for Five Study Stations: Sunshine Hours, Wind Speed, Air
Temperature, and Relative Humidity

Year Sunshine hours Wind speed Air Temperature | Relative humidity
(hours) (m/sec) ( oC) (%)
1997 6.37 1.72 12.57 66.15
1998 5.71 1.85 13.54 70.30
1999 6.15 1.73 12.79 71.81
2000 5.80 1.66 12.32 65.35
Suwon 2001 6.11 1.88 12.13 63.42
2002 5.65 2.04 11.72 64.33
2003 5.10 1.82 12.30 66.18
2004 597 2.07 12.86 62.42
2005 5.89 2.04 12.04 61.30
2006 5.27 2.06 13.02 62.08
1997 6.45 2.00 12.24 72.69
1998 5.59 2.55 12.91 74.65
1999 5.79 2.53 12.33 72.40
2000 5.97 2.60 11.32 72.96
Seosan 2001 6.07 2.47 11.83 70.66
2002 5.62 2.79 11.87 73.45
2003 5.09 2.79 12.01 75.18
2004 6.06 2.58 12.59 70.46
2005 591 2.84 11.57 71.56
2006 5.54 2.80 12.23 73.14
1997 7.01 2.40 12.17 68.90
1998 6.37 2.33 13.20 70.58
1999 6.18 2.19 12.63 67.06
2000 5.94 2.46 12.69 68.70
Incheon 2001 6.37 2.58 12.91 67.53
2002 6.00 2.79 12.12 67.87
2003 5.37 2.34 12.56 69.08
2004 6.16 2.49 12.87 64.95
2005 6.39 2.63 12.06 64.38
2006 5.73 2.46 12.74 67.43
1997 6.46 1.49 12.19 69.66
1998 5.46 1.63 12.37 67.61
1999 5.29 1.80 11.59 69.66
2000 5.47 191 10.53 69.88
Cheonan 2001 9.68 1.61 11.75 67.87
2002 8.23 1.44 11.84 68.92
2003 5.29 1.68 11.66 7457
2004 6.00 1.75 12.35 68.79
2005 5.81 1.83 11.81 68.40
2006 5.50 1.79 11.52 67.45
1997 6.49 1.64 11.35 68.98
1998 5.66 1.73 12.08 65.97
1999 6.12 1.90 11.23 67.07
2000 6.06 1.84 8.02 65.23
Ganghwa 2001 9.20 1.47 10.82 63.59
2002 7.26 1.84 10.89 63.86
2003 6.78 1.66 11.15 68.59
2004 7.27 1.85 11.43 68.75
2005 7.10 1.87 10.80 68.20
2006 6.26 1.80 11.51 68.02
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Fig. 1. Yearly Mean of Climate Variables for Five Study Stations: (a) sunshine hours, (b) wind speed,
(c) air temperature, (d) relative humidity
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Table 2. NSC and RMSE of the Reference Evapotranspiration Estimated by Both PM and Hargreaves
(before adjustment, hagreaves parameter = 0.0023)

Station Estimation (1997-2004) Estimation (2005-2006)
RMSE NSC RMSE NSC
Suwon 17.74 0.77 19.36 0.71
Seosan 19.65 0.70 19.03 0.70
Incheon 13.24 0.86 13.43 0.84
Cheonan 23.30 0.68 26.81 0.43
Ganghwa 14.63 0.87 14.43 0.85
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Table 3. NSC and RMSE of the Reference Evapotranspiration Estimated by Both PM and Hargreaves

(after adjustment)

. C Calibration Validation
Station Harg
RMSE NSC RMSE NSC
Suwon 0.0019 5.23 0.98 7.63 0.95
Seosan 0.0018 5.66 0.98 6.74 0.96
Incheon 0.0018 7.92 0.95 9.09 0.93
Cheonan 0.0021 11.75 0.92 7.17 0.96
Ganghwa 0.0020 9.10 0.95 6.48 0.97
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