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Table 1. Equations of twenty Empirical Models in Estimating Coastal Regions Reference Evapotranspiration.

Vsles osled s ol
Equations Number Name of equation
() QA @l
ET, = 0.408 x 0.00193 R,(T, +17.8)(Tax — Tmin)**Y’ 2 :
o a( mean )( max mm) Traben(]896) method
(Y2) (141 Sl
ET, = 0.0018 (T, +25)2(100 — RH 3
? (Tean ' ) Romanenko (1961)
(Y9 0av) Ky ,ale
ET, = 0.15072 V3.6 - 4
° U (e~ €a) Mahringer (1970)
A v (V) O8T) ey oS 5 o)
—— (R, —G) + +——6.43(1.0 + 0.53u,(es — €,)
BT =[A+y( n=0) Ay 043( 2(es — €a)) 5 Penman (1948)
° A combination method
(FY) (V4Y) Jalal
ET, = 16 Tinean 6 J
RH Schendel (1967)
e «(140V) LS
BT = 07 > Rs 4 OF 5TV (8AL) (it oy
» = 0.
Aty Makkink (1967) modified
Hansen (1984)
OF) (14A0) Jblu—35 S ,la
ET, = 0.408 X 0.0023 Ry(Tmean + 17.8) (Tmax — Tmin)*® 8
° a(Tmean ) (Tnax = Timin) Hargreaves and Samani (1985)
O Y JTy 5555
ET, = 0.408 x 0.0030 R,(Tyean + 20)(Tmax — Tmin)** 9
° a(Tmean ) (Tmax = Tnin) Droogers and Allen 1 (2002)
O (Y)Y 55,5558
ET, = 0.408 X 0.0025 Ry(Tmean + 16.8)(Tmax — Tmin)*® 10
° a(Tmean )(Tmax — Tonin) Droogers and Allen 2 (2002)
@) (XY JT 55555
ET, = 0.408 x 0.0013 R, (T, +17)(Tax — Tmin — 0.0123P)%7¢ 11
° a(Tmean ) (Tmax = T ) Droogers and Allen 3 (2002)
ol &Ll c(10V) LSS
BT, = 0.61 —— ~2_ 012 12 FoT) ) Ml s
Aty A Makkink (1957) method
described by Allen (2003)
(V) (Yo%) OLKen 5 Sle
ET, = —0.611 + 0.149R, + 0.079T, 13

Trmak et al. (2003)

B sl ol 04N Sy,

2 .
ET, = 45 [1+(Tmean)] (l_e_a) 14 (U5 Y4) (Y440) 0K 5 sl
25 €s Romanenko’s equation (1961)
modified by Oudin et al., 2005

(V) (Y 5,8 5

ET, = 0.408 X 0.0023 Ry(Tmean + 17.8) (Toax — Trmin)**2* 15
o a(Timean ) (Tmax min) Trajkovic (2007)
(V) (Y)Y Ol 5 55
ET, = —0.642 + 0.174R, + 0.0353T, 16 . S s
Tabari et al. 1 (2013)
(YO (Y)Y O 5 55
ET, = —0.478 + 0.156R — 0.0112Ty, + 0.0733Tin 17 . S s
Tabari et al. 2 (2013)
(YA) (YY) Oes 5 Sl
ET, = 0.408 X 0.0023 R (Tmean + 17.8) (Tmax — Tmin)**(0.817 + 0.000227) 13 e
Tabari et al. 3 (2013)
ET, = 0.00668R,((Tmean + 9:5) (Tmax — Tmin))®S = 0.0696 (Tyax — Tmin) . () (YY) ) el
= 0.024(Typean + 20)(1 — Rh)/100) — 0.00455R, (Tpax — Tgew)® 19 ;
+0.984 (Tpean + 17)(1.03 + 0.00055 (Tpax — Tyin)? — RH/100) Valiantzas 1 (2013)

3 5 50 Tdew dpoloes g
20 (VQ) adasly s

For estimating T e
in equation (19)

116,91 + 237.3In(e,)
dew = 16.78 — In(ey)

R 2
ET, = 0.051(1 — 0)Rg(Tpean + 9.5)°° — 2.4 (R—S) (F) (YA Y ol

a 21
RH .
+0.048(Trean + 20) (1 - ﬁ) (0.5 + 0.536u,) + 0.00012Z Valiantzas 2 (2013)
YV 8) OLes 5 5y
ET, = 0.408 X 0.00193 R,(Tmean + 17.8)(Tmax — Tmin) "’ 22 (V) edapdal 55 55l)
Berti et al. (2014):
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Table 2. The results of assessment of 20 evapotranspiration models.

{)lfjf <ol Sy ol
Gorgan Sari Rasht
RMSE MAE PE RMSE  MAE PE RMSE  MAE PE Uast jlxe
ol — 330 S s
1.28 080 1875 1.10 076 1832 0.56 0.24 9.63 b it
Hargreaves-Samani
(s
1.85 -1.37 32.20 1.75 -1.39 33.51 0.57 -0.17 6.57 @j&f
Trajkovic
oL, e H)
0.99 042 988 0.80 039 940 0.77 0.54  21.60 SRR S
Ravazzani et al.
e 5 5
1.69 2123 2899 1.51 117 2823 0.54 012 464 STt s
Berti et al.
Jasal
1.36 1.01 23.80 1.30 -0.26 6.30 1.08 0.78 30.91
Schende
Sl
4.69 -3.99 93.79 4.64 -3.93 94.42 2.88 -2.45 97.44 i
Trabert
1.60 -0.84 19.74 143 -0.30 7.14 1.07 -0.37 14.81 o=
Penman
L
10.89 10.18 239.6 7.30 5.07 121.8 10.17 9.44 324.8 S
Romanenko
0L as 5 Sk ol
2.25 1.64 38.55 1.86 1.30 31.19 1.13 0.33 13.03 o0 ’ -
Irmak et al.
-
4.27 -3.65 85.85 4.27 -3.63 87.28 2.78 -2.37 94.17 s
Mabhringer
0L as 5 sl
4.38 -3.68 86.59 4.29 -3.70 88.97 2.51 2.11 83.95 . 2R
Oudin et al.
3.54 -2.94 69.13 3.45 -2.85 68.45 1.76 -1.49 59.10 o
Hansen
Rl
3.83 -3.23 75.92 3.74 -3.14 75.40 2.02 -1.74 69.12
Allen
Vsl
247 -2.03 47.79 241 2.11 50.68 1.45 -1.21 48.21
Valiantzas 1
Y U
1.96 -1.64 38.55 1.79 -1.50 36.09 1.71 -1.44 57.35
Valiantzas 2
Vo5 8
2.46 213 2481 2.40 1.02 7.34 2.20 191 3191 N oipe
Droogers and Allen 1
Y58
3.40 3.17 2492 3.36 2.56 7.70 3.21 3.03 32.00 sifa
Droogers and Allen 2
v A58
3.82 3.61 2498 3.78 3.09 7.90 3.65 3.49 32.05 sifa
Droogers and Allen 3
Vol Ken
3.82 3.31 39.60 3.49 3.05 32.25 293 2.40 14.17 o S
Tabari et al. 1
Y oL, e
3.33 2.73 39.55 2.95 2.40 32.20 2.25 1.50 14.05 o S

Tabari et al. 2
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Abstract

Background and Objectives: Measurement of evapotranspiration using weighing lysimeter is the
most accurate method. However, due to the gravitational fabrication of the weighing laser, simple
empirical methods are widely used for calculating potential transpiration evapotranspiration and
their results were compared with reference (FAO-Penman-Monteith) method. Therefore, the main
objective of this study is to compare the accuracy of 20 experimental models of reference
evapotranspiration estimation and providing the best experimental method in the cities of Rasht, Sari
and Gorgan in northern Iran and in the coastal strip of the Caspian Sea.

Materials and Methods: In this study a cross comparison of FAO-Penman-Monteith method and 20
empirical equations was done for calculating potential evapotranspiration in a period of 10 years
from 2007 to 2016, in Rasht, Sari and Gorgan synoptic stations in coastal zone of Caspian Sea.
These stations were selected for climatic variation from humid climates to Mediterranean climates.
The Root mean squared error (RMSE), Mean Absolute Error (MAE) and Percent error (PE) were
used to measure accuracy of these methods.

Results: The results showed that daily evapotranspiration values obtained from Ravazzani method
were closer to FAO-Penman-Monteith method than those of the other models. So that for the model,
the measured errors involve RMSE, MAE and PE, were obtained 0.77, 0.54 (mm/day) and 21.6% for
Rasht, 0.8, -0.39. (mm/day) and 9.4% for Sari and 0.99, -0.42 (mm/day) and 9.88% for Gorgan.
Also, the results indicate a low performance of the Romanenko model. Overall, in all of the studied
climates, the Ravazzani et al., Berti et al., Hargreaves-Sammani, Irmak et al. and Valiantzas models
had better performance than other models in the estimation of reference evapotranspiration

Conclusion: The results of this study showed decrease in the accuracy of ET models compared to
reference model of FAO-Penman-Monteith for moving from humid to Mediterranean climate. The
mass transfer based models like Mahringer and Tabari showed relative undesirable efficiency in
coastal zone. Therefore, it can be noticed that empirical equation can lead to variable efficiency in
different climate.
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