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Adaptation Evaluation for Reference Evapotranspiration Calculation Methods
in Different Eco-hydrological Regionalization of Yunnan Province

FU Na' SONG Xiaoyu' XIA Lu' LI Lanjun' MENG Chunfang'*’
(1. State Key Laboratory of Eco-hydraulic Engineering in Arid Area, Xi’ an University of Technology, Xi’ an 710048, China
2. Xinxiang Hydrology and Water Resources Survey Bureaw, Xinxiang 453000, China)

Abstract: Adaptation evaluation for reference evapotranspiration ( ET,) methods can obtain simplified
calculation methods of ET, under the conditions of lacking meteorological data and increase the accuracy
with the lack of meteorological data in the large area. To obtain the best calculation methods and assess
its adaptability, Yunnan Province was divided into three regions, including the mountain plateau and high
mountain water abundance region in western and southwestern of Yunnan (), the mountain plateau and
river valley water middle region in northwestern and northeastern of Yunnan () and the plateau water
middle and shortage region in central and northern of Yunnan (Ill) , and the daily ET, was calculated in
36 stations from 1958 to 2013. Ten kinds of methods, such as FAO 56 Penman — Monteith, Hargreaves —
Samani, Irmark — Allen, Pristley — Taylor, Makkink, 1948 Penman, Penman — Van Bavel, Turc, FAO
24 Radiation and Jensen — Haise, were used to calculate the daily ET, of each station of Yunnan
Province. Penman — Monteith method was used as the standard method to calculate the daily ET, because
of its accuracy, and the precision of other methods was evaluated by the linear regression coefficient, the
daily relative root mean square error, the mean bias error and the coefficient of Nash — Sutcliffe. The

results showed that 1948 — Penman method had the strongest applicability and the highest calculation
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accuracy, and Radiation FAO 24 method and Jensen — Haise method had large error. Among all the
methods, Hargreaves —Samani method was the best one in region [ , and 1948 — Penman method was the
most appropriate from January to June while Priestley — Taylor method was the most suitable from July to
December of each year for regions II and I[. In the spatial distribution of relative error, the relative
error of Hargreaves — Samani method, Irmark — Allen method and Priestley — Taylor method was below
20% , so the three methods were appropriate for region I, and the relative error of Priestley — Taylor
method and 1948 — Penman method was in the range of 0 ~20% , as the minimum in regions II and I,
and the relative error of Irmark — Allen method was small in region II. When reference crop
evapotranspiration was calculated in Yunnan Province, as a consequence, 1948 — Penman method was
recommended in the whole region, Hargreaves — Saman method was recommended in mountain plateau
and high mountain water abundance region in western and southwestern of Yunnan, Priestley — Taylor

method was recommended in mountain plateau and river valley water middle region in northwestern and

northeastern of Yunnan.
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Fig. 1  Area division and stations distribution

in Yunnan Province
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Tab.1 Characteristics statistic of different eco-hydrological regionalization in Yunnan Province
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I b F R K=K X 401.1 12.85 1049.5 11735
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Tab.2 Regression coefficients and determination coefficients between different daily E7, simplification

methods and P — M method in different eco-hydrological regionalization of Yunnan Province

LT — 7Y 1115 VLTI — WA LR Wb 7 5 o
VR SRS KIK 5 K X kK I s
R R B R RR O RE R AR RE R Rk R
Hargreaves — Samani 0.88 " 0. 60 0.99 0.54 0.39 0.92 0.76 0. 37 1. 16 0.81 0. 46 1.01
Irmark — Allen 0.75 0. 66 1.19 0.72 0. 63 1. 16 0.72 0.49 1.48 0.70 0.57 1.33
Priestley — Taylor 0.89 ™ 0.88 0.63 0. 81 0.75 0. 62 0.81 0.67 0.91 0.85"" 0.76 0.75
Makkink 0.89 " 0.56 0.28 0. 82 0.48 0.26 0. 82 0.43 0. 44 0.85"" 0.48 0.35
1948 — Penman 0.99 ** 1.17 -0.04 0.99™ 1.15 0. 06 0.99 ** 1.10 0.15 0.99 ** 1. 14 0. 06
Penman — Van Bavel 0.89 " 0.68 0. 46 0. 82 0.55 0.45 0.83 0.51 0. 64 0.85"" 0.57 0.55
Ture 0.86 " 0.58 0.67 0.24 0.46 0.34 0.77 0.48 0.61 0. 60 0.52 0.52
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Tab.3 Comparison of ET, calculation accuracy among simplification methods in different eco-hydrological

regionalization of Yunnan Province

L P — 1L P 1115 WP L — WAL Wt 5 5 -
o S5l KK W 53T 43 1K X k- ok K bl
WHRITE RMSE/ MBE/ RMSE/ MBE/ RMSE/ MBE/ RMSE/ MBE/
(med ) med ) (med ) e nd ) (omed ) med ) med

Hargreaves — Samani 0. 85 -0.09 0.50 1.19 -0.53 0.16 2.26 -0.62 0.21 1.43 -0.42 0.29
Irmark — Allen 0.57 0.26 0.52 0.52 0.22 0.26 1.18 0.03 0.57 0.75 0.17 0.45
Priestley — Taylor 0.41 0.29 0.62 0.28 0.01 0.71 0.72 -0.02 0.70 0.47 0.09 0.68
Makkink 3.01 -0.96 -0.38 2.51 -1.02 -0.45 5.94 -1.19 -0.31 3.82 -1.06 -0.38
1948 — Penman 0.20 0.44 0.76 0.18 0.42 0.74 0.18 0. 45 0.83 0.19 0. 44 0.78
Penman — Van Bavel 0.92 -0.35 0.51 0.99 -0.65 0.24 2.31 -0.75 0. 31 1.41 -0.58 0.35
Turc 1.17 -0.44 0.34 4.69 -0.95 -1.84 2.89 -0.86 0.12 2.91 -0.75 -0.46
FAO 24 Radiation 103. 15 3.24 -14.29 74.45 2.84 -10.57 114.07 3.19 -7.54 97.22 3.09 -10. 80
Jensen — Haise 3.88 -1.37 -1.04 9.59 -1.60 -3.07 9.31 -1.57 -1.12 7.59 -1.51 -1.74
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