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Abstract

In the study of surface and groundwater pollution in water quality studies, estimation of
water quality parameters is required. In this paper, the grapH-based genetic
programming (GP) method is used to obtain mathematical equations from the values of
chemical elements in the water of agricultural wells in Mehran plain. These parameters
include calcium (Ca), magnesium (Mg), sodium (Na), bicarbonate(Hco3), chlorine (CI),
and sulfate(SO4). the data gathered from 20-year quality information of 10 wells. In the
equations obtained from the genetic programming method for estimating EC, Na, and
Ca, in TDS equation, Cl, Hco3, and SO4 anions, as well as in pH equation, Cl, SO4, and
Hco3 parameters had the most effect. The mean percentage of absolute error of the
calculated equations showed that the equations have acceptable accuracy in estimating
the values of groundwater quality parameters. In the radial basis functions method, the
error values for estimating the EC, TDS, and pH were 0.046, 0.035, and 0.053,
respectively. The results showed that the genetic programming and the radial basis
functions methods have acceptable accuracy in estimating groundwater quality data.
The relationships obtained in the genetic programming method show acceptable
accuracy and the estimation errors of radial basis functions are smal.

1. Introduction

The groundwater resources exploitation requires quantitative and qualitative status knowledge of
aquifers. The health status estimation of water resources can be obtained by determining the chemical
quality of groundwater, and the type of utility can be determined according to the situation. Therefore,
water quality studies such as the study of surface and groundwater pollution, are important. Today, the
use of artificial intelligence methods in various fields of water resources engineering has grown
significantly. For example, the genetic programming (GP), which is a nature-inspired method, and the
radial ba sis functions (RBF) can be named.

2. Materials and Methods

In this paper, the grapH-based genetic programming (GP) method is used to obtain mathematical
equations from the values of chemical elements in the water of agricultural wells in Mehran plain. These
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parameters include calcium (Ca), magnesium(Mg), sodium (Na), bicarbonate(Hco3), chlorine (Cl), and
sulfate(SO4). the data gathered from 20-year quality information of 10 agricultural wells in Mehran
plain. In the simulation, a genetic programming algorithm with 500 generations and 500 populations
per generation is implemented to find computational expressions for each output. Two-thirds of the data
set is used as the training set and one-third of the data is belongs to the test set. Radial basis functions
also consist of three layers. The input layer consists of source nodes that feed the input data to the next
layer. The hidden layer is an unsupervised learning layer and applies a nonlinear transformation. Using
a nonlinear transformation, existing data is mapped from nonlinear space to linear space.

3.  Results

The results of this study showed that the genetic programming and the radial basis functions methods
have acceptable accuracy in estimating groundwater quality data. The relationships obtained in the
genetic programming method show acceptable accuracy and the estimation errors of radial basis
functions are smal. In general, it can be said that the method of radial basis functions shows more
accuracy in estimating groundwater quality parameters than genetic programming.

4.  Discussion and Conclusion
In the equations obtained from the genetic programming (GP) method for estimating EC, Na, and Ca
parameters, in TDS equation, Cl, Hco3, and SO4 anions, as well as in pH equation, Cl, SO4, and Hco3
parameters had the most effect. The mean percentage of absolute error of the calculated equations
showed that the equations have acceptable accuracy in estimating the values of groundwater quality
parameters. In the radial basis functions method, the error values for estimating the quality parameters
EC, TDS, and pH were 0.046, 0.035, and 0.053, respectively. For training data, the MAPE error for EC
decreases as the number of hidden layer neurons increases. In the pH study, MAPE for test data
decreases by increasing the number of hidden layer neurons, and at the maximum number of hidden
layer neurons, the minimum MAPE value is obtained. Also in the TDS study, for educational data, the
MAPE decreased by increasing the number of hidden layer neurons, and in the maximum number of
hidden layer neurons, MAPE reached the lowest value. The minimum MAPE for test data was obtained
with 130 neurons.The results showed that the radial basis functions (RBF) had a better performance
than the genetic programming (GP) in estimating qualitative parameters and the error of estimating
qualitative parameters in the radial basis functions for training and test data is less than the genetic
programming.
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