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1.�Normal 

2.�Multi layer percpetron 

3.�Back propagation 
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4.�Digital neural network architecture  

5.�Delta-rule 

6.�Norm-cum delta-rule 

7.�Extended delta- bar- delta-rule 

8.�Quick propagation rule 

9.�Max propagation rule 

10.�Delta bar delta rule 

11.�Root mean square error 

12.�Mean absolute error 

13.�Standard deviation mean absolute error 
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'�0��|u���;����0�����x#��������;�d��7���*\h�,4���1,2�m=7+����3 �

SD EMA EMA RMSE** RMSE*** R
2 
** ^�!��/��- ���@�����#��	 * u���;��1,2�  

m
��
��

0.070 0.074 0.159 0.152 0.85 LINEAR DELTA 6-5-5-1 1 

0.063 0.070 0.147 0.137 0.86 TANH DELTA 6-5-5-1 2 

0.068 0.069 0.057 0.056 0.86 SIGMOID DELTA 6-6-1 3 

0.066 0.069 0.057 0.056 0.85 SIGMOID DELTA 6-6-6-1 4 

0.066 0.069 0.057 0.057 0.85 DNNA DELTA 6-5-1 5 

0.068 0.071 0.139 0.146 0.86 SINE DELTA 6-7-7-1 6 

0.065 0.074 0.152 0.154 0.84 TANH NORM-CUM 6-6-1 7 

0.069 0.077 0.061 0.063 0.81 SIGMOID NORM-CUM 6-3-1 8 

0.070 0.081 0.063 0.065 0.80 DNNA NORM-CUM 6-3-1 9 

0.068 0.070 0.153 0.151 0.85 SINE NORM-CUM 6-4-1 10 

0.067 0.068 0.057 0.056 0.85 SIGMOID EXT-DBD 6-3-1 11 

0.066 0.071 0.057 0.058 0.85 DNNA EXT-DBD 6-5-1 12 

0.066 0.069 0.151 0.146 0.86 SINE EXT-DBD 6-7-1 13 

0.082 0.107 0.206 0.177 0.84 TANH QUICKPROP 6-5-1 14 

0.070 0.073 0.061 0.060 0.84 SIGMOID QUICKPROP 6-3-1 15 

0.070 0.079 0.063 0.064 0.81 DNNA QUICKPROP 6-5-1 16 

0.095 0.142 0.180 0.291 0.83 SINE QUICKPROP 6-8-8-1 17 

0.069 0.082 0.167 0.171 0.82 SIGMOID DELTA 6-5-5-1 18 

0.069 0.073 0.158 0.159 0.83 SIGMOID DELTA 6-8-8-1 19 

0.070 0.073 0.016 0.159 0.84 TANH NORM-CUM 6-8-8-1 20 
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%����&'������ �

    a          b         R
2*

 

%����&'������ �

    a          b          c         R
2*�

	()�����

  a          R
2*

 �

	()�����

  a         b         R
2*�

����������

1.365 0.765 0.961 -0.05     1.36     0.69�-0.04      1.28     0.18     0.69�1.02     0.63�0.81     1.23     0.68��*�&+,�-.�/012��1 

1.968 0.842 1.078 -0.06     1.36     0.66�-0.06      1.34      0.02    0.66�0.95      0.56�0.71     1.51     0.64 *�&+,��-.�/01����3�4c2��2 

1.817 0.952 1.155 -0.08     1.57     0.68�-0.06      1.33     0.57     0.68�0.99      0.46 0.65     2.05     0.66�*�&+5�6���,37802��3 

2.481 1.069 1.290 -0.07     1.60     0.69�-0.07      1.58     0.02     0.69�1.16       0.61 0.89     1.42     0.68��9�:!,�-.�/012��4 

1.555 0.770 0.989 -0.06     1.41     0.71�-0.04      1.23     0.46     0.71�0.99      0.60�0.70      1.57     0.70�	;<�5�����=�,�-.�/012��5 

3.087 1.676 1.865 -0.12     1.97     0.67�-0.09      1.73     0.41     0.67�1.37      0.57�1.02     1.55     0.66�*�&+5>$�;�����6 

1.676 1.053 1.232 -0.10     1.70     0.67�-0.08      1.44     0.59     0.67�1.04      0.41�0.66     2.19     0.64 �6���,37872��7 

1.323 0.774 0.968 -0.05     1.36     0.68�-0.05      1.34     0.03     0.68�1.03      0.64�0.83     1.15     0.68��*�&+,37?�2��8 

4.633 2.005 2.249 -0.11      2.0      0.58�-0.24      2.92    -1.51     0.59�1.52       0.54 1.26      1.01     0.57 �����@��5��=�&$A�,37?72��9 

3.494 1.724 1.936 -0.08     1.77     0.64�-0.22      2.85    -1.93     0.65�1.4       0.61�1.2        0.86     0.63��B&$C�,37DE2��10 

1.698 0.967 1.158 -0.07     1.55     0.70�-0.08      1.62     -0.10    0.70�1.12      0.63�0.87      1.36     0.69�F�-!��11 

2.443 0.722 1.034 -0.06     1.43     0.68�-0.07      1.51    -0.20     0.68�1.0       0.57�0.74      1.59     0.66�*�&$����=5��-��G����,37?82��12 

8.135 1.813 2.341 -0.06     1.36      0.68�-0.04      0.97     1.23     0.70�0.75       0.18 0.42       2.7     0.66��@���C�����*�&�,37EH2��13 

2.609 0.929 1.245 -0.04     1.18     0.69�-0.04      1.22     -0.12    0.69�0.87      0.63�0.69      1.23     0.68��	#:#:!,�-.�/012��14 

0.579 0.592 0.827   0.01     1.0       0.86�  0.08      0.92      0.03    0.86�1.01      0.86�1.0        0.01     0.86 	I-&J��	
JI�%C
� 15 

*	&#����K(L�����D�M��� 
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�
'�0��|��'�����F��'���P����D�,-�����3�5�A��>�2�����D��1,2�����3  

��2�'���>� �7�8�9 10�11 12�13 

B�����-0.1793 0.0671 -0.1694�0.0865�-0.2153�0.7683 --�


�1.2027�0.9862�0.8109�0.1251�-0.0545 -0.8075 --�
��0.1504 0.4799�0.4292�-0.4376 -0.0787 -0.2930 --�
% -0.3061�-0.3754�0.0998�0.1066�-0.2181 -0.1591 --�
��-0.2705�0.3146�-0.2971�-0.0609 -0.3221 -0.1174 --�
��0.0372�0.1828�0.2341�-0.1035 0.1980 -0.6217 --�
H�0.1570�0.0202�0.2367�0.4119 -0.0247 -0.2758 --�
U�--�--�--�--�--�--�0.7446 

W�--�--�--�--�--�--�0.6044�

`�--�--�--�--�--�--�0.5687�

X�--�--�--�--�--�--�0.0069�
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Abstract 

The purpose of this study is selection of the best method to estimation Reference 

Evapotranspiration (ET0). To this purpose, the ET0 of the region was estimated using 

meteorological data and different empirical methods as well as Artificial Neural Network (ANNs). 

Than, the each estimated ET0 was compared with a 2 year lysimetric data. For ANN various layouts 

with hidden layer, threshold function and learning rule were performed. The results showed that 

Penman-FAO method and ANN were useful for this purpose. The results (from empirical methods 

and ANN) assessment were performed with statistical parameters such as ERMS, EMA, R
2
 and 

SDEMA. According to this results Penman-FAO method had better than the other methods with the 

second level of R
2
, the first level ERMS, the second level EMA, second level SDEMA. Also, ANN with 

6-6-1 layout had been (for the statistical parameters) 0.057, 0.069, 0.86 and 0.068 (mmd
-1

), 

respectively. Comparison between Penman-FAO, ANN and the lysimeter data showed that high 

accuracy of ANN rather than Penman-FAO method. Thus, ANN because of low input information 

and high speed and little time was suggested as the best method. The regression results of ANN and 

empirical method showed that polynomial model had the high R
2
 value than linear model. So, 

polynomial model because of simplicity and having the high R
2
 value is an exact mean of ET0 

estimation. 
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