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Abstract; Evapotranspiration as a key link in the water migration of soil plant atmosphere continuum, it
is of great significance for hydrological cycle process responses to global climate change. Accurate
estimation of reference crop evapotranspiration ( ET,) is necessary in water resource management and
utilization in further. In numerous methods proposed for estimating ET,, among which Hargreaves
equation only requires temperature data, but there is a large deviation between Hargreaves and Penman —
Monteith equation in different regions, recommend by the Food and Agriculture Organization ( FAO) of
the United Nations as the standard equation for estimating ET,. It is an urgent need to revise Hargreaves
coefficient so as to build the appropriate equation applying less climatic factor in the area. Meanwhile, it
is possible to estimate potential evaporation in future climate change by using the revised Hargreaves
equation which only needs future temperature data from RegCM4. 0, which is the most reliable predictive
data in further. The temperature based Hargreaves equation is confirmed to have a theoretical basis
because temperature is the most important meteorological factor affecting ET, through path analysis in the
Minjiang river headwater region. The non-calibrated Hargreaves equation overestimated reference crop
evapotranspiration, especially from April to October, and the maximum absolute deviation and relative
deviation were 31. 60 mm and 29. 7% , respectively. So it was necessary to adjust Hargreaves coefficient

(AHC). AHC at the monthly scale, obtained by regression-based local calibration, minimized absolute
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deviation and relative deviation between the calibrated Hargreaves and the FAO Penman — Monteith

equation, and the root mean square error ( RMSE) , modeling efficiency (EF) , index of agreement (d)

and coefficient of determination (CD), which were 3. 76 mm, 0.39, 0.8 and 0. 84, were significantly
lower than those of non-calibrated Hargreaves (14.66 mm, 5.74, 0.51 and 7.81). The Hargreaves

coefficient can meet the estimation requirements of ET, in the study area, and it is available to predict

ET, in future. Under a future climate scenario, ET, in the study area showed a increasing tendency, with

a tendency rate of 5.6 mm/(10 a) , the increase, however, would be slowed down.

Key words: reference crop evapotranspiration; Minjiang River headwater region; FAO 56 Penman —

Monteith; Hargreaves; adaptation evaluation; climatic change
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Tab.2 Comparison between monthly averaged ET, value
calculated by using PM and non-calibrated Hargreaves

during period of 1961—2010
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1 34. 84 36.48 4.70  -1.64 -3.61™ 0
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3 70. 68 74. 88 5.95  -4.20 -6.5"" 0
4 89. 10 99. 32 11.47  -10.22 -13.06™ 0
5 103.30 121.30 17.42 -18.00 -26.98** 0
6 99.43  126.02  26.74 -26.59 -49.52** 0
7 108.69  140.29  29.07 -31.60 -50.01** 0
8§ 103.80 131.54  26.73 -27.74 -45.28" 0
9 75.13 94. 10 25.25 -18.97 -30.26 O
10 56.98 68. 08 19.48 -11.10 -21.89* 0
11 40.01 45.96 14.88  -5.95 -12.36" 0
12 32.21 35.99 11.73  -3.78 -7.72" 0
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Tab.3 Regression slope and monthly Hargreaves

coefficient during period of 1961—1990

Afy FAEAR MXFRH  CUBIEM) C(UBIERE)
1 0.923 0.22 0.002 3 0.0021
2 0.953 0.55 0.002 3 0.002 3
3 0.925 0. 67 0.002 3 0.002 1
4 0. 889 0.79 0.002 3 0.0020
5 0. 852 0.82 0.002 3 0.0020
6 0. 794 0. 86 0.002 3 0.001 8
7 0.779 0. 86 0.002 3 0.001 8
8 0.792 0. 86 0.002 3 0.001 8
9 0.799 0.87 0.002 3 0.001 8
10 0. 831 0.76 0.002 3 0.0019
11 0. 846 0.31 0.002 3 0.0019
12 0. 867 0.30 0.002 3 0.0020
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Tab.4 Statistical performance of PM and calibrated and non-calibrated equations during period of 1991—2010
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f&1E J5 Hargreaves /3 2

PM H{t/
H by Wl daximEs  HXE W/ daxim2E/  MXE
" - wm o fRE/% P - wm /% b
1 35.25 37.57 2.32 6.59 -2.90™ 0.01 34.68 -0.57 -1.62 0.73 0.47
2 46. 27 47.56 1.28 2.77 -1.46 0.16 45.32 -0.95 -2.06 1. 14 0.27
3 70.93 75.78 4. 85 6. 84 -6.00™ 0 70. 10 -0.83 -1.17 1.08 0.29
4 89. 35 99. 69 10. 35 11.58 -10.98 ** 0 88.63 -0.72 -0.8 0.82 0.42
5 103. 35 121.99 18. 64 18. 04 -21.71°% 0 103.94 0.59 0.57 -0.7 0.49
6 99. 84 126. 94 27.10 27. 14 -37.92% 0 100. 79 0.95 0.95 -1.25 0.23
7 110.21 141.92 31.70 28.76 -33.40* 0 110. 55 0.34 0.31 -0.31 0.76
8 102. 70 130. 50 27.81 27.07 -30.40 " 0 103. 36 0. 66 0. 64 -0.65 0.52
9 78.97 98. 04 19. 07 24. 15 -19.78 ** 0 78.33 -0.63 -0.8 0.75 0. 46
10 56. 54 67.36 10. 83 19. 15 -11.39* 0 55.98 -0.56 -0.99 0. 63 0.54
11 40. 30 47.25 6.96 17.26 -8.21" 0 39.98 -0.32 -0.8 0.41 0. 69
12 32.74 36.93 4.18 12.78 —-6.05 " 0 32.02 -0.73 -2.22 1.03 0. 31
1k 72.20 85. 96 13.76 16. 85 71.97 ~0.23 ~0.67
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