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(C) to determine the climate of the stations
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Table 1- Mathematical equations of different methods of determining potential evaporation and transpiration along
with the parameters of the equation (Alizadeh et al. 1401)

©

o

ﬁ Data and parameters Mathematical equations

=

3 T :airt t

e :air temparture _ 2 i
g r: monthly relative humidity ETy=0.0018.(2.5+17).(100-1)

ETo:Monthly
evapotranspiration
Tm: air temparture

im: Monthly heat index
a: correction cofficient
Nm: Maximum temperure

Torrent
White

10T,
I

ETy = 16N,( )a

. T,
im=( ?m ) 1.51
a=675x10°13-771x107124+675%107414+-0.492

I=sum i

ETo: potential evaporation and
transpiration
Tmax: Maximum temperature
Tmin: Minimum temperature
Tmean: air temparture
Ra: Incoming radiation

Hargreave-
Samani

ETy=0.0023X (Tynean+17.8).(Tmax-Trnin) *5-Ra

ETo: potential evaporation and
transpiration

P: coefficient related to the
length of the day
T: air temparture

RHmin: minimum relative
humidity

Uday: wind speed
n: sunshine hours

N: maximum sunshine hour

Belani-Criddle
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Table 2-corrected eqautions of potential evaporation and transpiration
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Table 3-Criteria of corrective equations by regression methods in seasonal scale

Season Method Input data RRMSE KGE SAMPE var VAE
1 0.029 0.957 0.02 0.00027 0.973

2 0.039 0.967 0.029 0.0007 0.953

lvanov 3 0.032 0.969 0.031 0.00018 0.964
4 0.044 0.96 0.033 0.00075 0.935

5 0.03 0.952 0.02 0.00047 0.97
1 0.02 0.95 0.016 0.000172 0.9903

Belani- 2 0.019 0.964 0.0147 0.000213 0.987
Criddle 3 0.023 0.94 0.018 0.00019 0.988
4 0.028 0.959 0.022 0.000316 0.972

Spring 5 0.022 0.969 0.015 0.00023 0.983
1 0.035 0.918 0.03 0.000303 0.959

Hargreave- 2 0.036 0.914 0.032 0.0003 0.958
Samani 3 0.031 0.917 0.028 0.0002 0.966
4 0.048 0.9 0.039 0.0008 0.923

5 0.035 0.973 0.027 0.00053 0.964

1 0.062 0.929 0.053 0.0012 0.874

Torrent 2 0.075 0.86 0.059 0.0024 0.81
White 3 0.12 0.52 0.11 0.00412 0.497

4 0.07 0.85 0.059 0.0029 0.81

5 0.061 0.93 0.052 0.0011 0.88

1 0.044 0.954 0.0376 0.0005 0.959

2 0.05 0.95 0.0008 0.0008 0.93

lvanov 3 0.043 0.94 0.033 0.00074 0.96

4 0.042 0.965 0.037 0.0004 0.953

5 0.037 0.951 0.03 0.0005 0.962
1 0.0155 0.966 0.01039 0.000134 0.9935

Belani- 2 0.016 0.965 0.01078 0.00015 0.992
Criddle 3 0.015 0.963 0.01085 0.00013 0.9937
4 0.027 0.97 0.022 0.00029 0.979

Summer 5 0.016 0.965 0.0142 0.00007 0.993
1 0.046 0.967 0.0423 0.00059 0.949

Hargreave- 2 0.047 0.918 0.0428 0.00078 0.947
Samani 3 0.054 0.947 0.046 0.00078 0.929
4 0.0478 0.965 0.0437 0.00065 0.944

5 0.043 0.946 0.035 0.00066 0.948

1 0.092 0.889 0.08 0.0025 0.8

Torrent 2 0.089 0.89 0.077 0.0025 0.8
White 3 0.088 0.89 0.075 0.0024 0.816

4 0.079 0.893 0.063 0.0024 0.837

5 0.086 0.85 0.07 0.0027 0.815
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Figure 5- Box plots to evaluate the performance of different equations of potential evaporation and transpiration and
their modifications with different methods against the FAO method
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Abstract

Accurate estimation of potential evaporation and transpiration (ETp) in an efficient way is quite important in
water balance, crop water requirement and agricultural management studies. Therefore, the aim of this study
was to improve the accuracy of several ETp estimation equations namely Hargreaves-Samani, Belaney-Criddle,
Ivanov and Thornthwaite using spatial and meteorological data in Ramsar, Kermanshah, Hamedan, Semnan,
Mashhad, Shiraz, Ardabil, Urmia, Zanjan, Yazd and Rasht stations, across the Iran, in seasonal and scales. The
FAO-Penman-Monteith method was selected as the evaluation measure. The correction approaches were based
on regression and support vector regression, relative and parallel hybrid framework. The type of spatial and
meteorological variables had a significant impact on increasing the accuracy of correction equations, as an
example, using a corrected regression equation eliminating of the wind component decreased the variance of
errors for 38.18% comparing to original lvanov's method with its all included variables. The regression
correction method had better performance compared to the ratio method, such that the average increase of the
Willmott index for all input states from the ratio method to the regression for the Thornthwaite, Blaney-Criddle,
Ivanov and Hargreaves-Samani methods was equal to 42.67, 5.45, 25 and 3%, respectively. The structure of
parallel hybrid framework in all methods reduced the error in determining potential evapotranspiration, and the
final approach including the parallel framework of optimal modes of support vector regression and simple
regression had significant accuracy. The final approach showed that Torrent White, Blaney-Criddle and lvanov
methods have underestimation and Hargreaves-Samani overestimates ETp. The structure of the correction
method has a significant importance in increasing the precision of potential evapotranspiration and water
demand estimation for improved planning.

Keywords: Spatial coordinates, Correction, Ratio, Parallel hybrid
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