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5 - Adaptive neuro fuzzy inference system (ANFIS)
6 - Support Vector Machine (SVM)
7 - Artificial Neural Networks (ANN)
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1 - Adaptive Neural Network Based Genetic Algorithm
(ANNGA)

2 - Hargreaves

3 - Ritchie and Turc
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Table 1- Characteristics of selected stations in the period 2010 - 1973
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1 9 338 11.9 S el 1328.0 45 05 37 32
Urmia Semiarid
2 )J’w 283 12.8 ‘_ w 1361.0 46 17 38 05
Tabriz Semiarid
3 S5 289 12.1 . w 1103.0 44 58 38 33
Khoy Semiarid
4 o) 311 11.0 S el 1663.0 48 29 41 36
Zanjan Semiarid
5 o 487 13.6 S 1522.8 46 16 36 15
Saghez Mediterranean
al 449 13.6 e 1373.4 47 0.00 35 20
Sanandaj Mediterranean
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1- Supervised learning
2- Statistical Learning Theory
3 - Noise
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Figure 1- The location of the selected station
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Figure 2- Adaptive neuro-fuzzy inference system architecture
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1 - Linear kernel

2 - Polynomial kernel

3 - Hyperbolic tangent kernel

4 - Radial Base Function kernel
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Table 2- Common kernel functions in support vector machines

JS b &b gy
Kernel Function Type of function
K(xi,xj)zxiT_xj LinearuJa.&

Sldox 2>

K(Xiaxj)z(YXiT-Xj“‘C)d .
Polynomial

K(x;,X;) = tanh(y x| x; + C) &”)‘”’ el
Hyperbolic Tangent

2 e U
K(xi,xj)zexp(—y|xi —xj| ) UT?BFE

axlllae 3590 (SLOOWRm] &2 0 (8585 § e (Sl g5y (IS Wdlae -3 Jgua
Table 3- The overall regression equation for reference evapotranspiration of studied stations

3y ol Oy y dlalas o ) gud>
No. Station The regression equation The correlation coefficient
409 ET, =0.141T ,, —0.045T , —0.005RH 0.86

Urmia  +0.009U, +0.053n +0.141R

s ET, =0.0316T,, +0.078T ; —0.024RH

2 max min e 0.81
Tabriz 1+0.019U, +0.093n +0.119R

: ET, =0.0365T,, +0.064T , —0.018RH

5 max min e 0.83
Khoy  +0.027U, -0.023n +0.127 R

Jes;  ETo=0.042T,, +0.046T, —0.006 RH,,
Zanjan  +0.013U, -0.145n +0.120R

i ET, =0.036T , +0.061T , —0.002RH,, 0,83
Saghez  +0.003U, —0.038 n +0.158 R '

ET, =0.078T , +0.018T, —0.004RH,,

0.84

T

. 0.87
Sanandaj  +0.005U, +0.014n +0.142R
SVM 3 ANFIS slaJao 45 0wd (8 pro e slagSll -4 Jgua
Table 4- Various patterns introduced to ANFIS and SVM models
‘5:9)9 LsL&:ClJlb 9§” D)Loa:} 9§” SVM 9ANF|S ‘5&‘_‘.\0 L] ‘5.35)5 d@gi”
Input Modes ~ Model No.  Model Presented inputs to ANFIS and SVM models
1 M1 ETo(t), ETo(t-1)
Jsl <l 2 M2 ETo(t) , ETo(t-1), ETo(t-2)
First 3 M3 ETo(t) , ETo(t-1), ETo(t-2), ETo(t-3)
4 M4 ETo(t) , ETo(t-1), ETo(t-2), ETo(t-3), ET(t-4)
5 M5 ETo, Tmin, Tmax
s elb 6 M6 ETo, Tmin, Tmax, Tave
P9 7 M7 ETo, Tmin, Tmax, Tave, R
Second 8 M8 ET,, Tmin, Tmax, Tave, R, U,
9 M9 ETo, Tmin, Tmax, Tave, R, Uy, n
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Table 5- Membership functions used for input and output of the ANFIS model

Couo dbsyo o ballad 4,Ske

Je $39y9 Cagas b 939 0 Sl & Cugas gl Sl P9 Cupas @b :
Model The membership function ~ The number of membership functions ~ The output membership o
of input for each input function Average errors in
validation step

M1 o 3 1.17 1.17
Triangular

M2 e 3 0.69 0.69
Triangular

M3 e 4 0.70 0.70
Triangular

M4 e 3 0.61 0.61
Triangular

M5 e 2 0.72 0.72
Triangular

M6 o 2 0.77 0.77
Triangular

M7 - 4 0.57 0.57
Gaussian

M8 s 4 0.22 0.22
Gaussian

M9 w 3 0.35 0.35
Gaussian

Salo g2 50 585 9 pbe Swtiriet 0 ANFIS e (9399 ilieo (eI (gl Julos i -5 Jgu
Table 5- Statistical analysis of the different input patterns for ANFIS model in predicting monthly reference

evapotranspiration

o] Ay (b5l lrylre d’slﬁpﬁ:’ ol
Station Step  Evaluation criteria M VR M3 M2 M5 VI3 M7 M8 M9
3 R 0.807 0.968 0.981 0.986 0.966 0.969 0.992 0.996 0.997
dseg)| Train RMSE 108 050 039 033 051 049 025 0.08 0.06
Urmia Cond R 0.794 0.956 0.971 0.954 0.975 0.963 0.995 0.991 0.980
Test RMSE 118 065 055 065 062 072 042 029 044
3 R 0.792 0.965 0.981 0.986 0.982 0.984 0.993 0.996 0.998
J% Train RMSE 115 072 054 047 051 049 031 014 011
Tabriz s R 0.784 0.954 0.973 0.968 0.879 0.865 0.996 0.999 0.998
Test RMSE 159 08 070 078 138 144 123 024 0.72
3 R 0.790 0.950 0.968 0.979 0.951 0.953 0.984 0.996 0.997
S Train RMSE 096 053 046 036 054 053 032 0.06 0.04
khoy s R 0.785 0.939 0.965 0.943 0.959 0.939 0.982 0.995 0.993
Test RMSE 1.13 073 057 074 063 077 062 022 0.26
3 R 0.804 0.737 0.858 0.983 0.943 0.947 0.976 0.998 0.999
ol Train RMSE 1.14 211 110 039 069 067 046 0.08 0.06
Zanjan Cowd R 0.788 0.946 0.858 0.956 0.975 0.976 0.991 0.997 0.995
Test RMSE 117 069 113 065 049 048 033 019 0.23
3 R 0.958 0.975 0.988 0.981 0.947 0.948 0.978 0.999 0.995
3o Train RMSE 060 047 033 041 067 066 044 0.08 0.06
Saghez Cond R 0.956 0.963 0.961 0.979 0.979 0.936 0.985 0.994 0.992
Test RMSE 070 065 066 039 068 0.67 057 027 0.30
3 R 0.801 0.956 0.975 0.982 0.953 0.956 0.981 0.999 0.999
e Train RMSE 127 069 052 044 070 068 045 0.06 0.05
Sanandaj ¢ R 0.792 0.967 0.971 0.977 0.972 0.974 0.993 0.999 0.998
Test RMSE 127 059 056 050 055 054 026 010 0.13
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Table 7- The optimal values of C, € and y for SVM model inputs

ol | SVM Jue s paiio (Inputs) (53,5 s
Station SVM Model variables M1 M2 M3 M4 M5 M6 M7 M8 M9
C 4 10 6 10 7 6 8 5 5
4y) g 050 010 010 010 010 010 010 010 0.10
Urmia v 100 050 0.33 025 050 033 025 020 017
C 2 7 9 9 8 10 10 3 3
» g 030 010 010 010 010 010 010 010 0.10
Tabriz v 100 0.65 043 035 055 030 025 020 0.16
C 7 6 5 10 8 5 9 10 10
S5 £ 020 010 010 010 010 010 010 010 0.0
Khoy y 100 059 031 045 060 041 035 029 017
C 0 8 9 9 8 9 10 4 5
o3 g 020 010 010 010 010 010 010 010 0.0
Zanjan y 1 045 021 032 050 030 0.5 020 017
C o 8 8 7 6 7 2 10 8
- g 050 010 010 010 0.0 010 010 010 0.10
Saghez y 100 061 042 032 072 013 015 020 0.6
C 0 6 6 10 4 8 10 7 8
e g 050 010 010 010 010 010 010 010 0.10
Sanandaj v 100 050 012 025 028 043 025 020 018

Wl @2 g0 (385 5 pbed i 93 SVM Jao (63,9 ciliteo (gl (ol Julos gl -8 Jgaa
Table 8- Statistical analysis of the different input patterns of SVM model in predicting monthly reference evapotranspiration

W] daye (bl gla)lre (Inputs) 539, Lag>!
Station  Step Evaluation criteria M1 M2 M3 M4 M5 M6 M7 M8 M9
el R 0.838 0.964 0974 0.986 0.978 0.966 0.991 0.998 0.997
dpon)l Train RMSE 123 055 047 043 054 053 027 014 015
Urmia o R 0.838 0.950 0.964 0.974 0.978 0.977 0.994 0.997 0.998
Test RMSE 125 072 064 057 062 058 045 018 0.20
el R 0.839 0.964 0973 0.977 0.982 0.982 0.992 0.997 0.997
S Train RMSE 153 075 065 061 053 050 038 023 0.22
Tabriz Ca R 0.839 0.957 0.965 0.973 0.983 0.984 0.992 0.997 0.998
Test RMSE 160 090 082 075 060 058 050 025 0.22
el R 0.842 0946 0.961 0.970 0.952 0.953 0.982 0.997 0.997
S Train RMSE 097 058 050 043 055 054 034 016 0.16
khoy o R 0.836 0931 0.950 0.969 0.963 0.962 0.982 0.997 0.998
Test RMSE 114 080 071 058 065 066 047 017 0.15
el R 0.848 0.957 0.968 0.950 0.947 0.947 0.976 0.997 0.997
obs; Train RMSE 116 063 054 050 070 069 051 021 0.19
Zanjan Ca R 0.841 0.947 0.964 0.970 0.978 0.978 0.990 0.997 0.998
Test RMSE 118 069 059 056 048 048 058 020 0.18
el R 0.822 0.957 0971 0.976 0.950 0.950 0.983 0.997 0.997
oo Train RMSE 136 063 052 047 068 068 044 019 0.8
Saghez Ca R 0.816 0.956 0.963 0.969 0.982 0.982 0.989 0.995 0.996
Test RMSE 143 071 o067 062 071 070 079 020 0.17
el R 0.801 0.956 0.975 0.982 0.953 0.956 0.978 0.997 0.996
s Train RMSE 127 069 052 044 070 068 052 022 024
Sanandaj  cus R 0.792 0.967 0971 0.977 0972 0.974 0.991 0.998 0.997
Test RMSE 127 059 056 050 055 054 041 016 0.18
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Figure 4- Scatter plots of observed and estimated values at best SVM model
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Introduction Crop evapotranspiration modeling process mainly performs with empirical methods,
aerodynamic and energy balance. In these methods, the evapotranspiration is calculated based on the average
values of meteorological parameters at different time steps. The linear models didn’t have a good performance in
this field due to high variability of evapotranspiration and the researchers have turned to the use of nonlinear and
intelligent models. For accurate estimation of this hydrologic variable, it should be spending much time and
money to measure many data (19).

Materials and Methods Recently the new hybrid methods have been developed by combining some of
methods such as artificial neural networks, fuzzy logic and evolutionary computation, that called Soft
Computing and Intelligent Systems. These soft techniques are used in various fields of engineering.

A fuzzy neurosis is a hybrid system that incorporates the decision ability of fuzzy logic with the
computational ability of neural network, which provides a high capability for modeling and estimating.
Basically, the Fuzzy part is used to classify the input data set and determines the degree of membership (that
each number can be laying between 0 and 1) and decisions for the next activity made based on a set of rules and
move to the next stage. Adaptive Neuro-Fuzzy Inference Systems (ANFIS) includes some parts of a typical
fuzzy expert system which the calculations at each step is performed by the hidden layer neurons and the
learning ability of the neural network has been created to increase the system information (9).

SVM is a one of supervised learning methods which used for classification and regression affairs. This
method was developed by Vapink (15) based on statistical learning theory. The SVM is a method for binary
classification in an arbitrary characteristic space, so it is suitable for prediction problems (12).

The SVM is originally a two-class Classifier that separates the classes by a linear boundary. In this method,
the nearest samples to the decision boundary called support vectors. These vectors define the equation of the
decision boundary. The classic intelligent simulation algorithms such as artificial neural network usually
minimize the absolute error or sum of square errors of the training data, but the SVM models, used the structural
error minimization principle (5).

Results Discussion Based on the results of performance evaluations, and RMSE and R criteria, both of the
SVM and ANFIS models had a high accuracy in predicting the reference evapotranspiration of North West of
Iran. From the results of Tables 6 and 8, it can be concluded that both of the models had similar performance and
they can present high accuracy in modeling with different inputs. As the ANFIS model for achieving the
maximum accuracy used the maximum, minimum and average temperature, sunshine (M8) and wind speed. But
the SVM model in Urmia and Sanandaj stations with M8 pattern and in other stations with M9 pattern achieves
the maximum performance. In all of the stations (apart from Sanandaj station) the SVM model had a high
accuracy and less error than the ANFIS model but, this difference is not remarkable and the SVM model used
more input parameters (than the ANFIS model) for predicting the evapotranspiration.

Conclusion In this research, in order to predict monthly reference evapotranspiration two ANFIS and SVM
models employed using collected data at the six synoptic stations in the period of 38 years (1973-2010) located
in the north-west of Iran. At first monthly evapotranspiration of a reference crop estimated by FAO-Penman-
Monteith method for selected stations as the output of SVM and ANFIS models. Then a regression equation
between effective meteorological parameters on evapotranspiration fitted and different input patterns for model
determined. Results showed Relative humidity as the less effective parameter deleted from an input of the
model. Also in this paper to investigate the effect of memory on predict of evapotranspiration, one, two, three
and four months lag used as the input of model. Results showed both models estimated monthly
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evapotranspiration with the high accuracy but SVM model was better than ANFIS model. Also using the
memory of evapotranspiration time series as the input of model instead of meteorological parameters showed
less accuracy.
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