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Abstract

Calculation and estimation of evapotranspiration is one of the most important
parameters of water management in agricultural engineering projects. The aim of
this study was to evaluate the models of gene expression programming (GEP),
group method of data handling (GMDH), and Multivariate adaptive regression
spline (MARS) to estimating daily reference evapotranspiration. For this purpose,
daily data recorded during the last 25-year period (1993-2017) of Aligudarz
region (located in the east of Lorestan province) were used. 80% of the data were
used for training and the remaining 20% for testing the models. The modeling
results showed that only with the maximum temperature and average wind speed
can evapotranspiration be estimated with very good accuracy. The error indices
of GEP model in testing stage are R?=0.93 and RMSE=0.84, the error indices of
MARS and GMDH models are R?=0.94 and RMSE=0.76. Comparing the
performance of the models showed that the March model performed better than
the other models.

1. Introduction

Optimal management of water resources requires accurate determination of water balance components in
each region. Evapotranspiration, which includes evaporation from the surface of water or wet soil and
transpiration from the surface of vegetation is one of the most important and effective components of water
balance in any region. Therefore, estimating the rate of evapotranspiration is an essential need for each
region. To the reference evapotranspiration should be estimate by a reliable method. Worldwide, the FAO-
Penman-Monteith model is considered as the basic model for calculating the reference evapotranspiration
(Allen et al, 1998). This method requires a number of climatic variables including: minimum and maximum
air temperature, solar radiation, relative humidity and sunny hours. Providing models and relationships to
calculate and predict reference evapotranspiration in areas such as Iran, which is facing water shortage, is
necessary to determine the pattern of cultivation and optimal management of soil and water resources. There
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are various models for this purpose, from physical models to data driven models. So that the second category
is widely expanded due to the need for minimal information and a lot of scalabilities. Artificial intelligence
models are among these models. In various studies, these models have been used to model and predict
evapotranspiration. Ledlani et al. (2012) modeled daily evapotranspiration in the Algerian Mediterranean
region using fuzzy system methods and linear multivariate regression. The obtained results showed the
acceptable performance of both models in predicting evapotranspiration.

2. Materials and Methods

The aim of the present study is to apply and compare three models of artificial intelligence: GEP, GMDH
and MARS in estimating the reference evapotranspiration of Aligudarz station. Aligudarz is located between
490 and 42” east longitude and 330 and 24" north latitude with an area of 130 hectares in the east of Lorestan
province. This region has an altitude of 2022 m above sea level and an average rainfall of 387.7 mm and an
annual evaporation of 2048.2 mm. According to the De Martonne and Embereger climatic classification
indices, it has a semi-arid and arid climate, with mild summers and very cold winters. In this study, to
calculate the daily evapotranspiration of the reference plant in Aligudarz climatic conditions with FAO-
Penman-Monteith model, the data of maximum temperature (Tmax), minimum temperature (Tmin),
maximum relative humidity (RHmax), minimum humidity Relative (RHmin), sunshine (Sun) and wind
speed (WS) of the Aligudarz synoptic station for a period of 25 years (1993-1997) were used.

3.  Results

To investigate the effect of model input parameters including: Tmax, Tmin, RHmax, RHmin, Sun and WS
in estimating reference evapotranspiration and determining the input pattern of the models, stepwise
regression analysis between these parameters was performed. Correlation of input parameters showed that
maximum temperature has the greatest effect on reference evapotranspiration and is a stronger predictor than
other variables. After that, WS Sun, Tmin, RHmin and RHmax have the considerable effect in predicting
and estimating evapotranspiration, respectively. The modeling results showed that only with the maximum
temperature and average wind speed can evapotranspiration in Aligudarz can be estimated with appropriate
accuracy. With these two variables and using the GEP model with the accuracy of and (mm / day) RMSE =
0.84, the MARS with the accuracy of and RMSE = 0.63(mm / day) and the GMDH with accuracy and
RMSE = 0.63 mm / day can estimate the daily reference evapotranspiration in Aligudarz area.

4.  Discussion and Conclusion
Comparison of the performance of the models showed that the MARS model with a Nash coefficient of
0.963 in the training phase and 0.962 in the test phase had a better performance than other models.
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Modeling and Estimating Daily Reference Evapotranspiration Using Soft
Computing Models (Case Study: Aligudarz Station)

Yaser Sabzevari!, Abbas parsaie?, AmirHamzeh Haghiabi®*

Abstract

Calculation and estimation of evapotranspiration is one of the most important parameters of water
management in agricultural engineering projects. The aim of this study was to evaluate the models of
gene expression programming (GEP), group method of data handling (GMDH), and Multivariate
adaptive regression spline (MARS) to estimating daily reference evapotranspiration. For this purpose,
daily data recorded during the last 25-year period (1993-2017) of Aligudarz region (located in the east
of Lorestan province) were used. 80% of the data were used for training and the remaining 20% for
testing the models. The modeling results showed that only with the maximum temperature and average
wind speed can evapotranspiration be estimated with very good accuracy. The error indices of GEP
model in testing stage are R? = 0.93 and RMSE = 0.84, the error indices of MARS and GMDH
models are R? = 0.94 and RMSE = 0.76. Comparing the performance of the models showed that the
March model performed better than the other models.
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