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Abstract

Estimation of reference evapotranspiration (ETo) is essential
for many issues in irrigation and drainage, hydrology,
environment, soil erosion, and water resources. Using the
artificial neural network (ANN) to estimate ETo is common
in lots of studies. But what has not been addressed in
previous studies is using the meteorological data as an input
of neural network together with computational methods. In
this study meteorological data and the ETo calculated by
computational methods including Jensen-Haise, Turc,
Hargreaves-Samani, and pan evaporation methods were used
as input data. Results showed that among all of computational
methods using the calculated ETo by Jensen-Haise method
together with meteorological data as input data resulted in
closer estimation to calculated ETo by Penman-Montieth-
FAO. Using the calculated ETo by other methods along with
meteorological data as well improved the ETo estimation
compared with using the meteorological data lonely.
However the accuracy of ETo estimation by using these
methods were still low.
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Table 1. Mean meteorological parameters of Shiraz
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Wind speed Daylight Maximum relative Minimum relative Maximum Minimum
(ms?) hours humidity (%) humidity (%) temperature (°C) temperature (°C)
2.2 9.2 59 21.4 25.9 9.9
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Estimated ETo by ANNs, mm
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Fig. 1. Relation between the estimated ETo by ANNs
using the meteorological data lonely as input
variables and calculated ETo by Penman-Montieth-
FAO.
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Table 2. Effect of number of hidden layers and nodes on ANNSs performance to estimate ETo
By P wedS 3 (v 8 () 2 (19,98 SR g oy Y Sl ilSee oS 1T g

No. of

Input Train Validation Test
. hidden
variables
layers (No. NRMSE  MRE d NRMSE  MRE d NRMSE MRE  d
combination  of neurons)
T,U,S *1(15) 0.062 0.000 0.996 0.063 -0.002 0.996 0.062 0.00 0.996
JH 1(15) 0.205 -0.001  0.946 0.196 -0.003  0.949 0.198 0.00 0.950
JH, T,U,S 1(20) 0.033 0.000 0.999 0.034 0.000 0.999 0.031 0.00 0.999
T,U,S 2 (15-20) 0.063 0.000 0.996 0.061 0.001 0.996 0.061 0.00 0.996
JH 2 (10-20) 0.202 0.012 0.949 0.200 0.007 0.949 0.198 0.00  0.950
JH, T,U,S 2 (10-20) 0.032 0.000 0.999 0.033 -0.001  0.999 0.031 0.00 0.999
T,U,S 3 (15-5-20) 0.063 -0.002 0.996 0.059 0.000 0.996 0.061 0.00 0.996
JH 3 (20-5-15) 0.198 0.009 0.951 0.202 -0.004  0.948 0.199 0.00 0.949
JH,T,U,S  3(20-20-15) 0.032 -0.002  0.999 0.032 -0.001  0.999 0.031 0.00 0.999

JH, T, U, S, NRMSE, MRE and d are the Jensen-Haise method, mean daily temperature, wind speed, daylight
hours, normalized root mean square error, mean residual error and index of agreement, respectively. (*)
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Table 3. Effect of input variables combination on ANNs performance*.
(B~ g (oS yd omas dSuwi 21,5 11 (539 )9 (S ptie i oS 5 1Y Joda

Train Validation Test
Input variables combination
NRMSE MRE d NRMSE MRE d NRMSE MRE d
T,RH, U, S 0.054  -0.001 0.997 0.052  0.000 0.997 0.054  0.000 0.997
T,U,S 0.061  0.000 0.996 0.062 -0.001 0.996 0.063  -0.001 0.995
JH 0.199 -0.004 0.950 0.199  -0.004 0.0949 0.200  0.005 0.947
JH, T,U,S 0.032 0.000 0.999 0.032 0.000  0.999 0.032 0.001  0.999
T,RH, U 0.187 0.000 0.956 0.187 0.002  0.957 0.187 -0.005 0.995
TU 0.187  0.000 0.956 0.189  0.002 0.954 0.186  0.000 0.957
TU, T,RH, U 0.165  0.002 0.966 0.166  0.002  0.966 0.167  -0.001 0.966
T 0.223  0.000 0.933 0.229  0.007 0.932 0.225 -0.004 0.932
HS 0.189  0.002 0.954 0.197  0.001 0.952 0.191  0.004 0.954
HS, T 0.182 0.000 0.958 0.184 0.000 0.956 0.190 0.003  0.955
RH, U 0.201  0.001 0.944 0.209  0.008 0.938 0.207  0.005 0.942
Epan 0.264  0.002 0.888 0.268  0.012 0.891 0.275  -0.002 0.882
Epan, RH, U 0.134 0.009 0.977 0.138 0.008 0.975 0.137 0.014 0.976

(*) JH, TU, HS, Epan, T, RH, U, S, NRMSE, MRE and d are the Jensen-Haise method, Turc method, Hargreaves-
Samani method, and pan evaporation, mean daily temperature, relative humidity, wind speed, daylight hours,
normalized root mean square error, mean residual error and index of agreement, respectively.

iliny slod bawgio ¢ poed Culi ¢ Slobw— 92,5 )l oS yg5 Gad— iz by i i 4 d 9 MRE NRMSE S U RH (T Epan HS .TU JH (*)

les jasls g osilegdl olas 1 Sle i )kl (s Slupe pSike Hio o UB] Slelo sl b co o wiljyy oms Cugby bwgio

A5l e

IFAS )l o) oylond udd i JUo ¢yl ! Ol qobio Coligios
Volume 13, No. 1, Spring 2017 (IR-WRR)

AN



Estimated ETo by ANNs, mm

16
1 ] y = 0.8224x + 0.9507 1:1 - £ 14 4 y = 0.9836x + 0.078 131, s
R2=0.8161, NRMSE=0.200 . E R2 = 0.9822, NRMSE=0.063 %
12 g 12 1 y
Z 10
10 4 >
8 E 8
6 1 =
2
4 4 g 41 a
2 b g 2
0 . . . . . . . 0 ' ' ; ' ' ' '
0 5 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
c 16
. P d

g 14 1 y = 0.9944x + 0.0326 11 -

%121 Re=0.9953 NRMSE= 0.032

Z 10 1

<

<) 8 1

R

g 2 C

£ o ———

g o 2 4 6 8 10 12 14 16

Calculated ETo by Penman-Montieth-FAO, mm

Fig. 2. Relation between the calculated ETo by Penman-Montieth-FAO and the estimated ETo by ANNs
using a) temperature, wind speed and daylight hours, b) calculated ETo by Jensen-Haise method and c)
whole variables of a and b as input variables.
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Fig. 4. Relation between the calculated ETo by Fig. 3. Relation between the calculated ETo by
Penman-Montieth-FAQO and the estimated ETo by Penman-Montieth-FAQO and the estimated ETo by
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Hargreaves-Samani method and c) whole variables daylight hours, b) calculated ETo by Turc method
of a and b as input variables. and c) whole variables of a and b as input variables.
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Fig. 5. Relation between the calculated ETo by
Penman-Montieth-FAQO and the estimated ETo by
ANNSs using a) relative humidity and wind speed, b)
calculated ETo by Epan method and ¢) whole
variables of a and b as input variables.
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