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Abstract

In this research, daily meteorological data for 15 years (1999-
2013) were used in 153 synoptic stations throughout Iran to
determine the best method among pan evaporation methods to
determine the reference evapotranspiration for different
climate conditions. For all synoptic stations of the country,
evapotranspiration was calculated from 12 different
evaporation pan methods, and the FAO-Penman-Monteith
method was used as the standard method for evaluation.
Different statistics tests as RMSE, MBE, R? and t tests were
used to evaluate the accuracy of different methods. The final
results showed that in two arid and semi-arid climates,
Mohammad et al. (2008), FAO-24 (in dry conditions)
(Doorenbos and Pruitt, 1997) and Christensen methods were
the most suitable methods and Schneider (1992), Allen and
Prout (1991), Raghuwanshi and Wallender (1998) were the
most inappropriate methods. For the Mediterranean climate
condition, Mohammed et al., Konica (1989) and Schneider
were the most suitable and Pereira's, FAO-24 (in dry
conditions), Raghuwanshi and Wallender were identified as
the most unsuitable methods. In the semi-humid climate, the
modified Schneider method, Allen and Pruitt (Allen & Pruitt,
1991), and Pereira (Pereira et al., 1995) were the most suitable
methods and Mohamad et al., FAO-24 (in dry condition),
Ragvanshi and Waldner and were the most unsuitable
methods. In the wet and humid climates conditions, modified
Schneider method, (Allen et al., 1998) were the best and Pryira,
FAO-24 (in dry conditions) and Mohammed et al. (2008),
Raghuwanshi and Wallender methods were the worst methods.
Moreover, the results which obtained and reported in this study
did not match with the other results reported by the other
researchers. Finally, comparing the results of lysimetric studies
in semi-arid climate confirmed the selected methods.

Keywords: Reference Plant Evapotranspiration, Pan Based
Method, Statistical Tests, Lysimetric Studies.
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Table 1- Methods of calculating reference evapotranspiration (based on evaporation pan)
(e Cold Ay ) (8,05 — B 3910 (S I9, —) Jgu>

Method Equation
Allen & Pruitt Kpm=0.108 - (0.000331xU3) + (0.0422xLn(F)) + (0.1434x(Ln(RH)))-[0.000631 (Ln(F))
3 2xLn(RH))]
Cuenca (4) Ko = 0.475-(0.000245xUs) + (0.00516xRH) +0.00118xF) - (0.000016xRH) —(0.00000101xF?) -
(0.000000008xRH2xUs) - (0.00000001%(RH?)xF)
Orang (5) _
Kpan= 0.51206-(0.000321xU7) + (0.02889xRH) +0.03188x(Ln(F))~(0.000107xRH  Ln (F))
Snyder (6) Koan = 0.482+ [0.024xL(F)]-0.000376xUs) + (0.0045xRH)
Modified (7
Snydor () Ko = 0.5321-(0.0008xUs) + (0.0249xLn(F)) + (0.0025xRH)
FAS'T%QS”&? €l Koun = 0.108-(0.0286xU2)+(0.0422Ln(F)) +0.1434< (Ln(RH))- (0.000631(Ln(F))’Ln(RH))
Pereira (9) Kpan =0.85%(A + ’y)/((Aﬂ)x(l+ 0.33><U2))

Raghuwanshi &
(10) wallender

Kpan = 0.5944+0.0242xX1-0.0583x X 2-0.1333x X 3-0.2083x X 4+0.0812x X 5+0.1344x X6

Xy=Ln (F); X2, X3, Xa = 0if U2<175;X2=1 if 175<U2<425; X3 =1 if 425<U2<700; X4 =1if U2>700 (Km.day);Xs,
Xe=0 if RH<407; Xs=1 if 40/ <RH <707;Xe=1 if RH > 707.

FAO-24 (Class A
pan surrounded in
dry (11)

Kpan = 0.61 + (0.00341xRH)-(0.000162xU2xRH)-(0.00000959xU5xF)+(0.00327xUxLn(F)) -
(0.00289xU3 x LN(86.4xU3)) - ((0.0106 x LN(86.4xUz) xLn(F)) + (0.00063« (Ln(F))? x Ln(86.4xUy))

FAO-24 (Class A

pan surrounded with  Kpan =0.108- (0.0286 xU2)+(0.0422 x Ln (F)) + (0.1434 x Ln(RH)) - (0.000631x

low growing (Ln(F))*<Ln(RH)
(12) vegetation)
Mohamed et al.
Kpan= 0.62407 — (0.0266x(Ln(F)) - (0. 28x .0026x(RH
(2008) (13) pan= 0.62407 — (0.0266x(LN(F)) - (0.00028xU5)+ (0.0026x(RH))

Christiansen (baised
on Jensen et al.’s
method, 1990) (14)

ETo =0.755 x Epan xCt x Cu xCh x Cs

Ct = 0.862+0.179 x (T/TO)-0.041x (T/TOR; Cu =1.189 +0.240x(U/U0)0.051x(U/Us)?; Ch =0.499
+0.620 x (RH/RHo) —0.119x (RH/RHo)2 Cs =0.904 +0.008 x (S/So) — 0.088 x (S/So)?
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Table 2- Estimating results of evapotranspiration models in Baft station (dry climate)
(Suis @aldl) CAU ol 55 (8525 — ped 35911 a0 (b3 b =Y Jgsa

Index MEAN RMSE MBE R? R t R/t
Method
Cuena (1989) 4,711 2.526 1.218 0.752 0.867 40.745 0.018
Allen & pruitt (1991) 4.802 2.629 1.309 0.749 0.865 42.506 0.018
Snyder (1992) 4.753 2571 1.260 0.747 0.864 41.623 0.018
Modified Snyder 4.744 2.567 1.251 0.765 0.875 41.315 0.019
Pereira (1995) 4.725 2.613 1.233 0.763 0.874 39.602 0.019
Orang (1998) 4.804 2.635 1.312 0.766 0.875 42.491 0.018
FAO-56 (Allen,1998) 4.341 2.159 0.849 0.718 0.847 31.644 0.023
Raghuwanshi & )
wallender (1998) 2.678 2.167 0.815 0.323 0.569 30.020 0.011
FAO-24 (Dry-veg) 3.360 1.390 -0.132 0.715 0.846 7.086 0.101
FAO-24 (Green-veg) 4.403 2.303 0.910 0.791 0.889 31.843 0.025
Mohamed et al. 3.737 1.580 0.245 0.762 0.873 11.606 0.066
Christiansen Method 3.962 1.862 0.470 0.715 0.846 19.288 0.037
10.0 —— Cuenca (1989)
9.0 7 —#— Allen & Pruitt (1991)
8.0 ] Snyder (1992)
. 7.0 4 == Modified Snyder
g 6.0 4 —— Pereira 1995
% 5.0 Orang (1998)
§ 4.0 ] = + =FAO-56 (Allen 1998)
- 3.0 4 Raghuwanshi &
Wallender (1998)
2.0 ] FAO-24 (Doorenbos &
Pruitt 1977)
1.0 4 =+ FAQ-24 (Doorenbos &
Pruitt 1977)
0.0 I-fhomes Mohamed et al (2008)
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec Christiansen method
MONTH = »= Refrece method

Fig.

8- Evapotranspiration estimated by different methods in Baft station
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Fig. 9- Estimated Pan Coefficient by using different evaporation pan methods in Baft station
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Table 3- Results of evapotranspiration models evaluation in Daran station (semi arid climate)

(Sis o muddl) ]3] )5 (825 — paSed 3,91 2 S Je (U5, LS - ¥ Jgaa

Index MEAN RMSE MBE R? R t R2/t
Method
Cuena (1989) 3.607 1.866 0.657 0.803 0.896 27.844 0.029
Allen & pruitt (1991) 3.684 1.952 0.734 0.803 0.896 30.047 0.027
Snyder (1992) 3.641 1.903 0.691 0.798 0.893 28.854 0.028
Modified Snyder 3.628 1.894 0.678 0.811 0.900 28.364 0.029
Pereira (1995) 3.783 2.155 0.833 0.814 0.902 31.004 0.026
Orang (1998) 3.674 1.945 0.724 0.812 0.901 29.664 0.027
FAO-56 (Allen, 1998) 3.461 1.723 0.511 0.796 0.892 22.978 0.035
Raghuwanshi &
wallender (1998) 2.653 1.626 -0.297 0.615 0.784 13.752 0.045
FAO-24 (Dry-veg) 2.720 1215  -0.230  0.768 0876 14269  0.054
FAO-24 (Green-veg) 3.405 1.777 0.455 0.833 0.913 19.583 0.043
Mohamed et al. 2.859 1.202 -0.091 0.809 0.899 5.607 0.144
Christiansen Method 2.947 1.336 -0.003 0.767 0.876 0.159 4.838
10.0 1 —¢— Cuenca (1989)
9.0 4 —#— Allen & Pruitt (1991)
8.0 4 Snyder (1992)
70 1 = Modified Snyder
=60 ] —#— Pereira 1995
_Eli 50 ] ——e— Orang (1998)
% . =+ =FAO-56 (Allen 1998)
— 40 A
,9 Raghuwanshi &
Wi3p ] Wallender (1998)
FAO-24 (Doorenbos &
2.0 Pruitt 1977)
—+ =FAO-24 (_Doorenbos &
103 %~ Mohaprrnuégeltg a7|7()2003)
0.0 =R—= Christiansen method
Jan Feb Mar Apr May June July Aug Sep Oct Nov Dec
MONTH —>= Refrece method

Fig. 10- Evapotranspiration estimated by different methods in Daran station
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Fig. 11- Estimated Pan Coefficient by using different evaporation pan methods in Daran station
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Table 4- Results of evapotranspiration models evaluation in Lordegan station (Mediterranean climate)
(1451200 walBl) 5155, ol8il 13 3525 = e 3,91 S0 3! - ¥ Jgor

Index MEAN RMSE MBE R? R t R/t

Method
Cuena (1989) 4.049 2.171 0.800 0.768 0.877 29.329 0.026
Allen & pruitt (1991) 4.136 2.271 0.887 0.768 0.876 31.400 0.024
Snyder (1992) 4.089 2.208 0.839 0.764 0.874 30.406 0.025
Modified Snyder 4.072 2.208 0.823 0.776 0.881 29.711 0.026
Pereira (1995) 4.496 2.789 1.246 0.764 0.874 36.970 0.021
Orang (1998) 4.124 2.266 0.874 0.777 0.881 30.946 0.025

FAO-56 (Allen,1998) 3.984 2.129 0.735 0.752 0.867 27.204 0.028

Raghuwanshi &
wallender (1998) 3.349 1.776 0.100 0.657 0.810 4.153 0.158

FAO-24 (Dry-veg) 3.323 1.741 0.073 0.665 0.815 3.119 0.213

FAO-24 (Green-veg) 4.106 2.380 0.856 0.788 0.888 28.529 0.028

Mohamed et al. 3.210 1.418 -0.040 0.774 0.880 2.074 0.373

Christiansen Method 3.303 1.506 0.054 0.749 0.866 2.649 0.283

—4— Cuenca (1989)
12.0 -

—— Allen & Pruitt (1991)
10.0 1 Snyder (1992)
=== Modified Snyder
= Pereira 1995

Orang (1998)
= + =FAO-56 (Allen 1998)

= Raghuwanshi &
Wallender (1998)
FAO-24 (Doorenbos

2.0 4 ” \ )\ & Pruitt 1977)

P g \‘\‘\§ =t FAO-24 (Doorenhos

o & Pruitt 1977)

00 La L . b Mohamed et al

(2008)

Christiansen method
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MONTH = »= Refrece method

Fig. 12- Evapotranspiration estimated by different methods in Lordegan station
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Fig. 13- Estimated Pan Coefficient by using different evaporation pan methods in Lordegan station
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Table 5- Results of estimating evapotranspiration models evaluation in Ab Ali station (semi humid climate)
(g yo o o) bl o\l 53 585 — e 3,912 (S0 (b3 W -0 Jgor

Index MEAN RMSE  MBE R? R t Rt
Method
Cuena (1989) 2560  1.698  -0.170  0.686  0.828 7431  0.092
Allen & pruitt (1991) 2615 1741  -0.115  0.687 0829 4896  0.140
Snyder (1992) 2588 1723  -0.142 0683 0826 6112  0.112
Modified Snyder 2559 1692  -0.171  0.693 0833 7513  0.092
Pereira (1995) 2511 1672  -0219 0706 0841 9765  0.072
Orang (1998) 2500 1717  -0.140  0.694 0833  6.045  0.115
FAO-56 (Allen,1998) 2384 1572  -0.346  0.685 0828  16.683  0.041
vs;?:#d"gfﬁgg‘g‘) 153 1914  -1.195 0467 0683  59.123  0.008
FAO-24 (Dry-veg) 1.840 1471  -0.890 0677 0823 56293  0.012
FAO-24 (Green-veg) ~ 2312 1540  -0418 0719  0.848  20.845  0.034
Mohamed et al. 2020 1443  -0710 0691 0832 41861  0.017
Christiansen Method ~ 2.172 1541  -0558  0.656 0810 28778  0.023
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Fig. 14- Evapotranspiration estimated by different methods in Ab Ali station
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Fig. 15- Estimated Pan Coefficient by using different evaporation pan methods in Ab Ali station
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Table 6- Results of evapotranspiration models evaluation in Babolsar station (humid climate)
(Cgbyo mall) juudsl oS! 55 (8,25 — juded 391 pr GBS0 (2U 3 S -5 Jgo

Index MEAN RMSE MBE R? R t R2/t
Method
Cuena (1989) 2.199 1.305 -0.292 0.573 0.757 17.012 0.034
Allen & pruitt (1991) 2.169 1.296 -0.323 0.576 0.759 19.022 0.030
Snyder (1992) 2.349 1.360 -0.143 0.568 0.754 7.814 0.073
Modified Snyder 2.100 1.285 -0.392 0.573 0.757 23.670 0.024
Pereira (1995) 1.854 1.275 -0.638 0.598 0.773 42.793 0.014
Orang (1998) 2.110 1.287 -0.381 0.573 0.757 22.966 0.025
FAO-56 (Allen1998) 2.057 1.273 -0.435 0.579 0.761 26.917 0.021
Raghuwanshi &
wallender (1998) 1.806 1.370 -0.685 0.551 0.742 42.777 0.013
FAO-24 (Dry-veg) 1.710 1.340 -0.781 0.570 0.755 53.153 0.011
FAO-24 (Green-veq) 1.744 1.299 -0.747 0.613 0.783 52.031 0.012
Mohamed et al. 1.690 1.348 -0.801 0.572 0.756 54.702 0.010
Christiansen Method 2.220 1.361 -0.272 0.547 0.740 15.071 0.036
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Fig. 16- Evapotranspiration estimated by different methods in Babolsar station
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Fig. 17- Estimated Pan Coefficient by using different evaporation pan methods in Babolsar station
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Table 7- Results of evapotranspiration models evaluation in Bandar Anzali station (high humid climate)
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Index MEAN RMSE MBE R? R t R2/t
Method
Cuena (1989) 2.268 1.202 -0.096 0.602 0.776 5.920 0.102
Allen & pruitt (1991) 2.231 1.189 -0.132 0.605 0.778 8.297 0.073
Snyder (1992) 2.437 1.280 0.073 0.596 0.772 4,255 0.140
Modified Snyder 2.168 1.172 -0.196 0.602 0.776 12.531 0.048
Pereira (1995) 1.840 1.125 -0.524 0.651 0.807 38.926 0.017
Orang (1998) 2.178 1.174 -0.186 0.602 0.776 11.868 0.051
FAO-56 (Allen,1998) 2.090 1.133 -0.273 0.620 0.787 18.406 0.034
Raghuwanshi &
wal?ender (1998) 1.694 1.259 -0.670 0.592 0.769 46.506 0.013
FAO-24 (Dry-veg) 1.745 1.184 -0.619 0.615 0.785 45,341 0.014
FAO-24 (Green-veg) 1.742 1.153 -0.622 0.660 0.812 47.392 0.014
Mohamed et al. 1.747 1.204 -0.617 0.601 0.775 44,168 0.014
Christiansen Method 2.307 1.298 -0.056 0.557 0.746 3.220 0.173
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Fig. 18- Evapotranspiration estimated by different methods in Bandar Anzali station
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Fig. 19- Estimated Pan Coefficient by using different evaporation pan methods in Bandar Anzali station
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Table 8- The best and the worst methods for calculating pan coefficient and evapotranspiration
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Best Method

Worst Method

Snyder (1992)

Mohamed et al. (2008)

Arid Allen & Pruitt (1991) FAO-24 DRY
Raghuwanshi&Wallender/Cuenca (1989)  Christiansen method / FAO-56 (Allen, 1998)
o Raghuwanshi&Wallender Mohamed et al. (2008)
Semi-Arid

Snyder (1992)

FAO-24 DRY

Allen & Pruitt (1991) / Pereira (1995)

FAO-24 Green Vegetation

Pereira (1995)

Mohamed et al. (2008)

Mediterranian FAO-24 DRY

Cuenca (1998)

Raghuwanshi&Wallender

Snyder (1992)

Mohamed et al. (2008)

Modified Snyder

Semi-Humid FAO-24 DRY Allen & Pruitt (1991)
Raghuwanshi &Wallender Pereira (1995)
Pereira (1995) Snyder (1992)
Humid FAO-24 DRY Mohamed et al. (2008)
Raghuwanshi &Wallender FAO-56 (Allen, 1998)
Mohamed et al. (2008) Snyder (1992)
High Humid FAO-24 DRY FAO-56 (Allen, 1998)
(Wet) FAO-24 Green Vegetation
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Table 9- The results of evapotranspiration models evaluation in Kermanshah station
oliile oS o] )3 (327 — gt 3590 (S0 Uy gl - Jou

Index MEAN RMSE MBE R? R t R2/t
Method
Cuena (1989) 3.238 2.391 -0.159 0.704 0.839 1.267 0.187
Allen & pruitt (1991) 3.266 1.855 -0.132 0.699 0.836 1.351 0.151
Snyder (1992) 3.262 1.845 -0.136 0.703 0.838 1.400 0.150
Modified Snyder 3.312 1.869 -0.085 0.712 0.844 0.868 0.175
Pereira (1995) 3.385 1.930 -0.013 0.729 0.854 0.126 0.229
Orang (1998) 3.358 1.894 -0.039 0.712 0.844 0.393 0.202
FAO-56 (Allen,1998) 2.945 1.759 -0.453 0.699 0.836 5.056 0.077
Raghuwanshi &
waﬁen der (1998) 1.578 2.747 -1.820 0.436 0.660 16.785 0.019
FAO-24 (Dry-veg) 2.293 1.907 -1.105 0.705 0.840 13.488 0.034
FAO-24 (Green-veg) 3.260 1.872 -0.138 0.734 0.857 1.404 0.158
Mohamed et al. 2.601 1.774 -0.796 0.710 0.843 9.533 0.047
Christiansen Method 2.586 1.829 -0.811 0.676 0.822 9.387 0.046
FAO-Penman-Monteith 3.623 0.001 -0.082 0.81 0.90 1.552 0.524
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