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Figure 1. Chosen Synoptic stations in Sistan and Baluchestan province for study.
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Table 1. Determination coefficient and Root Mean Square Error (mm/day) of various models in test period.

Jebr AL H sl S
(Chababhar) (Iranshahr) (Zabol) (Zahedan)

R? RMSE R? RMSE R? RMSE R? RMSE (pattern)
0.614 0.593 0.716 1.610 0.705 2.933 0.710 1311 1
0.711 0.516 0.885 1.195 0.929 1.602 0.896 0.805 2
0.778 0.449 0.923 0.979 0.919 1.665 0.861 0.970 3
0.804 0.439 0.914 1.140 0.923 2.166 0.929 0.761 4
0.777 0.467 0.919 1.108 0.975 1.302 0.887 0.825 5
0.783 0.452 0.912 0.885 0.904 1.680 0.919 0.746 6
0.756 0.484 0.931 1.049 0915 1.597 0.930 0.745 7
0.775 0.449 0.925 0.880 0.946 1.277 0.937 0.764 8
0.759 0.494 0.867 1.125 0.877 2.723 0.910 0.730 9
0.795 0.439 0.886 1.444 0.964 1.035 0.923 0.684 10
0.798 0.435 0.924 0.905 0.954 1.232 0.923 0.677 11
0.816 0.435 0.929 0.835 0.945 1.263 0.938 0.606 12
0.836 0.387 0.900 1.015 0.946 1.255 0.950 0.575 13
0.812 0.468 0.902 1.014 0.946 1.246 0.937 0.655 14
0.770 0.456 0.869 1.104 0.950 1.203 0.939 0.602 15
0.808 0.415 0.902 1.056 0.947 1.251 0.942 0.593 16
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Figure 2. Comparison of Evapotranspiration estimated by Penman-Monteith and best models of GEP for

stations (mm/day).
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Figure 3. Variation of estimated evapotranspiration from best chosen patterns using GEP for all stations

in test period.
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Abstract

Background and Objectives: Evapotranspiration is one of the parameters that have special
importance in various areas of agriculture and water resources management also for definition
of future policies its estimation is required. The main objective of this research is to determine
mathematical models for estimating evapotranspiration and studying assessment of Genetic
programming in estimating evapotranspiration.

Materials and Methods: In this study, using the Penman-Monteith method, the reference
evapotranspiration / month was calculated based on meteorological data such as average
temperature, relative humidity, sunny hours, wind speed and precipitation amount for a period
of 40 years (1345 to 1391) in the stations of Zabol, Iranshahr, Chabahar and Zahedan and 16
separate lag time patterns were arranged. Then, the monthly evapotranspiration rates were
modeled using GeneXproTools software to develop and implement the models based on genetic
programming. 80% of data were used in the education to develop the models and the remaining
20% were used in the test to verify the models and evaluate their accuracy. Finally, the
coefficients of determination (R*) and root mean square error (RMSE) were used to analyze and
verify the accuracy of the model and compare it with Penman-Monteith method.

Results: Based on the statistical coefficients of determination and root mean square error, it was
found that due to low memory, the model or an independent variable, in all stations and models
provided based on patterns 1, 2 and 3, there is little accuracy in prediction of the
evapotranspiration value. The best models obtained for the stations of Zahedan, Zabol,
Iranshahr and Chabahar were respectively in the patterns of 13, 10, 12 and 13. Moreover, the
best model for Zabol station was obtained with an error of 1.03 mm in day and its coefficient of
determination was 0.96.

Conclusion: The results indicate that all acceptable models for this study were obtained in more
than 10 patterns. Moreover, Genetic programming is an optimal method for modeling the
monthly- series evapotranspiration.

Keywords: Evapotranspiration, Genetic programming, Modeling, Sistan va Baluchestan
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