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Abstract

Estimating the exact value of reference evapotranspiration is very important in irrigation planning and determining the irrigation frequency.
There are different methods for estimating the reference crop evapotranspiration. The aim of this study was to find the best combined method
for estimating the reference evapotranspiration in arid, semi-arid, semi-humid and humid climates of Iran. In this study, based on different
necessary data from first order weather stations in the period of 1995 to 2014, the reference evapotranspiration was calculated by some
combined methods and compared with FAO 56 Penman Monteith method. The results showed that all methods except Businger and Van
bavel method have a good correlation with FAO 56 Penman Monteith (R?> 0.96). The accuracy of Businger and Van bavel methods in all
regions were low with RMSE and MAE values greater than 0.9 and 0.55 mm per day, respectively. In arid, humid and semi-humid regions of
Iran, Penman 1948 and Penman Wright 1972 methods with RMSE and MAE values less than 0.39 mm per day and in semi- arid regions of
Iran Penman Wright 1972 methods and Penman 1948 with RMSE and MAE values less than 0.35 mm per day had the highest accuracy.

Keywords: Buzinger van Bavel, De Martonne climate classification, FAO Penman Monteith, Penman Wright.
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Table 1. Climatic classification according to De Martonne drought coefficient

Type of climate Dry Semi dry

Mediterranean Semi wet Wet Very wet

Drought coefficient range Lower than 10 10-19.99

20-23.99 24-27.99 28-34.99 More than 35

|:] Wet & semi wet climate

E Dry climate

E Semi dry climate

Figure 1. Arid, semi-arid, humid and semi-humid locations of Iran
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Table 2. Different combined reference methods for potential evapotranspiration estimate

Methods

Equation

Penman 1948

A 14
BTy = (g3 (o= O+ K i @y + byu)(es —e)) /1

K, = 643 ay =1 b, = 0.537
A 4
Penman Wright 1972 ETo = (A—+y (R, —G) + KWA—+y (@ + byuz)(es = ea)) z
K, = 2.62 ay = 0.75 b, = 0.993
A 14
Penman erght 1996 ETO = (A—-i-)/ (Rn - G) + KWA—-F]/ (aW + bwuz)(es - ea)) /}\ Kw =2.62
2 2
a, = 0.3+ 0.58 exp ([— (=) ]) by, = 0.32 + 0.54 exp ([— (=) D
A Y
FAO 24 corrected Penman ETo = (A +y Ry — @) + KWA +y (@ + byuz)(es — ea)) /A
K, = 6.43 ay =1 by, = 0.862
A 14
FAO plant protection paper 17 ETo = (A Ty Ry = G) + Ky Aty (ay + by uz)(es — ea)) /A Ky =643

2
a, =04+ 14 exp ([— (=2 ]) & by, = 0.605 + 0.345 exp ([— =

1 A 1 y 062202k U,

Businger, Monteith & van Bavel ~ £To = 2B +7) Ry —G) + 20+ P 7 — i1’ (es—ea)
[n (5571
_ 046460 _ — 9 -
= tas1g (P~ 0.0037960Ue, ) & es = 1.3146 x 10%xp(
900
FAO 56 Penman Monteith g = YAOBAR — )y 775 Ua (s — ea)
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Table 3. R 2, RMSE and MAE values of mean monthly reference evapotranspiration calculated by combined methods
compared to FAO 56 Penman Monteith method in Iran from 1995 to 2014

Type of climate Method R? RMSE (mm/day) MAE (mm/day)
Penman 1948 0.9 0.35 0.22
Penman Wright 1972 0.99 0.38 0.27
- Penman Wright 1996 0.96 0.71 0.40
Arid climate
FAO 24 corrected Penman 0.96 0.92 0.53
FAO plant protection paper 17 0.98 0.96 0.53
Businger, Monteith & van Bavel 0.91 1.33 0.62
Penman 1948 0.98 0.35 0.22
Penman Wright 1972 0.99 0.34 0.27
Semi-Arid climate Penman Wright 1996 0.97 0.51 0.40
FAO 24 corrected Penman 0.96 0.74 0.52
FAO plant protection paper 17 0.98 0.72 0.53
Businger, Monteith & van Bavel 0.90 0.95 0.62
Penman 1948 0.98 0.35 0.34
Penman Wright 1972 0.98 0.39 0.28
Humid & Semi-Humid Penman Wright 1996 0.98 0.54 0.43
climate FAO 24 corrected Penman 0.98 2.03 1.89
FAQO plant protection paper 17 0.99 157 13
Businger, Monteith & van Bavel 0.83 2.01 1.86
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Figure 2. The mean monthly reference evapotranspiration calculated by combined methods in (a) Arid climate (b)
Semi-Arid climate and (c¢) Humid and Semi-Humid climate of Iran from 1995 to 2014
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