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Gene Expression Programming Capability Assessment in Estimating the
Potential Evapotranspiration Compared to Hargreaves-Samani Equation

Ali Barzkar?, Sajad Shahabi?*, Saeid Niazmradi®, Mohamad Reza Madadi*

Avrticle taken from the master's thesis

Abstract:

Due to the water scarcity in areas with hot climates, an accurate estimation of evapotranspiration has a
significant impact on water resources management and planning. In this paper, the gene expression
programming (GEP) approach was used to estimate the daily evapotranspiration in Yazd (hot and dry
climate) and Jiroft (warm and humid climate) synoptic stations. The results of this method along with
the results of empirical relation of Hargreaves-Samani were validated with those of the empirical relation
of Penman Mantis FAO-56. Statistical indices of coefficient of determination (R2), root-mean-square
error (RMSE) and mean absolute error (MAE) were employed to evaluate the efficiency of the utilized
methods. The results indicated that GEP model (with R2 = 0.951 and RMSE = 0.66 mm/day for Yazd
and R2 = 0.958 and RMSE = 0.65 mm/day for Jiroft) had higher performance compared to Hargreaves-
Samani relation. Therefore, the use of GEP as a model with high capabilities is recommended for
estimation of evapotranspiration in areas with hot-dry and warm-humid climates.
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Gene Expression Programming Capability Assessment in Estimating the
Potential Evapotranspiration Compared to Hargreaves-Samani Equation

Ali Barzkar?, Sajad Shahabi?*, Saeid Niazmradi®, Mohamad Reza Madadi*

Introduction

Evapotranspiration (ET) is one of the main parameters of the water cycle and its accurate estimation
plays a significant role in water resource management and planning, particularly in semi-arid areas such
as Iran. There are various methods for estimation of ET, among which the FAO Penman-Monteith
method is the most recommended one. Nevertheless, this method requires several different climate
variables, which may not be available for many regions. To address this shortcoming, various empirical
methods have been proposed to estimate ET, which need fewer climate variables. Hargreaves-Samani
is one of these empirical methods for warm climates that only use the temperature to estimate the ET.
Despite the acceptable performance of the Hargreaves-Samani method; using the only temperature, in
most cases, cannot yield a satisfactory result. Thus, in the recent decade, several data mining approaches
have been used to estimate ET. Gene expression programming (GEP) is such a method that gained the
attention of a lot of researchers.

GEP is an evolutionary algorithm that can formulate the relation between dependent variables and
independent ones. The purpose of this paper is to evaluate the ability of the GEP algorithm to estimate
the ET in warm climate regions of Iran. To this end, the cities of Yazd (hot and dry) and Jiroft (warm
and humid) have been selected. The estimated ETs from these regions have been compared with those
estimated using the Hargreaves-Samani method. The results of the comparison, using statistical indices
such as coefficient of determination (R?), root-mean-square error (RMSE), and mean absolute error
(MAE), showed that the GEP algorithm performed better than the Hargreaves-Samani method.
Therefore, the use of GEP as a model with high capabilities is recommended for the estimation of
evapotranspiration in areas with hot-dry and warm-humid climates.

Methodology

Data

In this study, wind speed, maximum and minimum temperature, relative humidity, sunshine hours, dew
point, and daily rainfall were used to estimate the potential ET using the GEP algorithm. These
parameters have been collected from synoptic stations of Yazd and Jiroft cities between the years 2015
—2019. These cities respectively have hot-dry climates and warm-humid climates. From these datasets,
the data of 1023 days (70 % of the whole dataset) are used for training the GEP and the rest of the dataset
is used for its evaluation.

Gene Expression Programming (GEP)

Gene expression programming (GEP) is an evolutionary algorithm that learns the relation between
variables in a dataset and builds models to express these relationships. Similar to any other population-
based evolutionary algorithm GEP starts with a population of possible solutions whose fitness solving
the problem (i.e., finding the relationship between the variables) is estimated using an evaluation
function. Population members evolve as the GEP algorithm proceed and a new population is constructed
using genetic operators such as cross-over and mutation. Finally, the best-found member of the
population is selected as the final solution.
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Hargreaves-Samani method

Hargreaves-Samani, is one of the most frequently empirical equations to estimate ETo. In order to
estimate ETo requires only the maximum and minimum temperature measurments. The Hargreaves-
Samani equation was utilized as follows:

0"Y m8im¢ oY Y PR YO° 1)
Where ETo, TD, Tmean and R, are reference ET (mm/day), the difference between the maximum and
minimum temperatures (°C), the mean daily temperature (°C), and the extraterrestrial radiation

(mm/day), respectively. To convert MJ/m2.d into mm/day, it suffices to multiply the extraterrestrial
radiation by 0.408.

Discussion and conclusion

The obtained results of GEP models (with R? = 0.951 and RMSE = 0.66 mm/day for Yazd and R? =
0.958 and RMSE = 0.65 mm/day for Jiroft) had higher performance compared to Hargreaves-Samani
relation. The higher performances of the GEP algorithm in both cities can substantiate the usefulness of
this method for the estimation of ET for these climates.
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