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1. Levenberg-Marquordt
2. Conjugate Gradient
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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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1. Normal
2. Multi layer percpetron
3. Back propagation
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1. Momentum
2. Learning coefficient
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1 6-5-5-1 DELTA LINEAR 0.85 0.152 0.159 0.074 0.070
2 6-5-5-1 DELTA TANH 0.86 0.137 0.147 0.070 0.063
3 6-6-1 DELTA SIGMOID  0.86 0.056 0.057 0.069 0.068
4 6-6-6-1 DELTA SIGMOID 0.85 0.056 0.057 0.069 0.066
5 6-5-1 DELTA DNNA 0.85 0.057 0.057 0.069 0.066
6 6-7-7-1 DELTA SINE 0.86 0.146 0.139 0.071 0.068
7 6-6-1 NORM-CUM TANH 0.84 0.154 0.152 0.074 0.065
8 6-3-1 NORM-CUM SIGMOID 0.81 0.063 0.061 0.077 0.069
9 6-3-1 NORM-CUM DNNA 0.80 0.065 0.063 0.081 0.070
10 6-4-1 NORM-CUM SINE 0.85 0.151 0.153 0.070 0.068
11 6-3-1 EXT-DBD SIGMOID 0.85 0.056 0.057 0.068 0.067
12 6-5-1 EXT-DBD DNNA 0.85 0.058 0.057 0.071 0.066
13 6-7-1 EXT-DBD SINE 0.86 0.146 0.151 0.069 0.066
14 6-5-1 QUICKPROP TANH 0.84 0.177 0.206 0.107 0.082
15 6-3-1 QUICKPROP SIGMOID 0.84 0.060 0.061 0.073 0.070
16 6-5-1 QUICKPROP DNNA 0.81 0.064 0.063 0.079 0.070
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18 6-5-5-1 DELTA SIGMOID 0.82 0.171 0.167 0.082 0.069
19 6-8-8-1 DELTA SIGMOID 0.83 0.159 0.158 0.073 0.069
20 6-8-8-1 NORM-CUM TANH 0.84 0.159 0.016 0.073 0.070
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Comparison of Reference Evapotranspiration (ET0) results of Empirical methods and
Artificial Neural Networks with Lysimetric data

Ghasemi' , A., Zare Abyaneh?, H., Amiri Chayjan®, R., Mohammadi’, K., Marofi’, S. and
Ahmadi®, M.

Abstract

The purpose of this study is selection of the best method to estimation Reference
Evapotranspiration (ET0). To this purpose, the ETO0 of the region was estimated using
meteorological data and different empirical methods as well as Artificial Neural Network (ANNs).
Than, the each estimated ETO 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 Egrms, Ema, R? and
SDgma. According to this results Penman-FAO method had better than the other methods with the
second level of Rz, the first level Erus, the second level Ema, second level SDgma. Also, ANN with
6-6-1 layout had been (for the statistical parameters) 0.057, 0.069, 0.86 and 0.068 (mmd'l),
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’ value than linear model. So,
polynomial model because of simplicity and having the high R? value is an exact mean of ETO
estimation.
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