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Abstract

Due to the importance of predicting and monitoring river water quality parameters, in the present study, the
capability of two models of support vector machines (SVM) and gene expression planning methods (GEP)
used to estimate two water quality parameters namely the TDS and SAR in the Tajan River. To estimate the
TDS and SAR, parameters which the measurement of these parameters are easy and has low cost, were used
as input data to the model. These parameters included the electrical conductivity of water, acidity, sodium,
calcium, potassium, the adsorption ratio of sodium, magnesium, chlorine, sulfate, bicarbonate, and river
flow. SPSS was used to determine the correlation between independent and dependent variables. Based on
data analysis using step-by-step method, different scenarios of combining input data for TDS and SAR
prediction were considered. Comparison of the results using statistical criteria showed that the use of three
variables, EC, SO, and SAR in estimating TDS in Tajan river, had the highest correlation coefficient and the
lowest error rate. The Na and EC variables also give the best results in estimating the river SAR parameter.
In general, the obtained results show the high performance of gene expression planning method in estimating
the quality parameters of the Tajan river and therefore it can be used to predict the qualitative parameters of
rivers.

Keywords: Gene expression programming (GEP), Supporting Vector Machines (SVM), water quality, Tajan
river, sodium absorption ratio (SAR), Total dissolved solids (TDS)
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Extended abstract

Introduction

Although there is a lot of water on the earth planet, the amount of water that can be used in drinking, industry
and agriculture sectors; compared to the total volume of water available, it is very small. Quantitatively, the
volume of water in the earth's hydrological cycle is almost constant, but due to the degradation of chemical
guality, the volume of usable water is decreasing (Hesami Afshar et al., 2013). As a result, studying the
quality of water resources is one of the most important priorities for environmental protection and one of the
important factors in achieving sustainable development in most societies (Azermdel et al., 2014). In recent
years, the use of artificial intelligence techniques, including artificial neural network, neurofuzzy, gene
expression programming, and support vector machine, has increased to predict and estimate various
parameters (Sattari et al., 2013). Many studies have been done in this field, for example, we can refer to the
study (Musavi-Jahromi & Golabi, 2008) that in this study, the efficiency of artificial neural network for
simulating the quality parameters of SAR, TDS and EC for some stations of the Karon River with more
accuracy 90% were investigated.

Materials and methods

Case study area

The area studied in this research is the Tajen watershed, which has an area of about 4147.22 square
kilometers and its average slope is 0.85%. This watershed is located in the geographical position of
53°7' E to 53°42' E and 36°17' N to 36°56' N. Tajen river passes through the city of Sari. This river
enters the Caspian coast in Sari city and flows into the Caspian Sea in Farah Abad district (Fig. 1).

Research Methods

In the present study, the capability of two models, support vector machines (SVM) and gene
expression programming model (GEP) were evaluated to estimate two water quality parameters
namely TDS and SAR in Tajen River. To estimate TDS and SAR, easily measurable parameters
were used as input parameters to these models. These parameters included water electrical
conductivity, acidity, sodium, calcium, potassium, absorption ratio of sodium, magnesium, chlorine,
sulfate, bicarbonate and river flow. Information on 12 monthly water quality variables for a period
of 40 years (1977-2017) was collected from the regional water company of Mazandaran province,
and in this regard, 80% of the data was assigned to the training stage and 20% of the data was
assigned to the test stage. Also, in order to evaluate the effectiveness of the method used to predict
TDS and SAR, three statistical indices including correlation coefficient (R?), root mean square error
(RMSE) and mean absolute value of errors (MAE) were used.

Results and discussion

Based on the regression analysis between independent and dependent variables using Stepwise Regression
method, 5 different patterns of inputs were considered for TDS estimation of Tajen River. The desired and
optimal model is the model that has the highest correlation coefficient and the lowest amount of error. The
results showed that the GEP model with an explanation coefficient higher than 0.98 had a good ability to
predict TDS in all the models used. But in comparing the models with each other, model 5, in which Ec,
S04, SAR, HCO3 and CL parameters were used as input parameters, having high coefficient, RMSE and
MAE equal to 0.98, 17.2 and 54 6.0 in the training phase and 0.9927, 9.5, 6.83 in the test phase were better
than other models. In order to estimate the absorption ratio of sodium (SAR) based on Stepwise Regression
method, 4 input patterns were considered. According to the results, the value of R? for all models was more
than 0.97 and also the maximum RMSE error was equal to 0.101 and 0.131 in the training and testing phase.
The comparison of the obtained results showed that model 2 with input parameters Na and EC is the optimal
model with the highest correlation coefficient equal to 0.987 in training and 0.989 in testing and the least
error and also having low input parameters. The results indicate that the desired model has a high ability to
estimate SAR by having a higher correlation coefficient, and in other words, it provides reliable results in
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predicting sodium absorption ratio. In estimating the total dissolved solids (TDS) parameter, using model 1,
having the lowest input parameter, has the highest correlation coefficient and the lowest error rate, so the
same model was used in the implementation of the support vector machine model to compare the two
models. Model 2 was also used in the estimation of sodium absorption ratio (SAR). The support vector
machine model was implemented using the two mentioned patterns and the best result was obtained. The
obtained results indicate that the SVM model with an explanation coefficient greater than 0.94 and 0.91 in
the test phase has performed well for the TDS and SAR parameters, respectively. Also, the RMSE values for
TDS and SAR parameters were obtained as 14.76 and 0.076, respectively. Although based on statistical
criteria, the SVM model has acceptable accuracy, but compared to the GEP model, the obtained results
indicate that the performance of the SVM model has decreased. In other words, the error value of RMSE and
MAE has increased and the explanation coefficient R? has decreased.

Conclusion

In this research, for the TDS parameter, 5 models were used with the input variables of EC, SO4, SAR,
HCO3, CL, and for the SAR parameter, 4 models were used that included the input variables of EC, SO4,
SAR, HCO3, CL. Results showed that, in all the models used, the GEP model has the ability to predict the
TDS parameter, so that as expected, with the increase in the number of input variables, because the number
of degrees of freedom increases, the performance of the model in estimating the TDS parameter has
increased. On the other hand, in order to reduce the costs, it is necessary to reduce the number of input
variables, and in other words, the optimal model is a model that has a smaller number of input variables but
relatively high model accuracy. The results of the implementation of the GEP model with different options of
the input patterns showed that in the TDS estimation of the Tajn River, when using the model 1 in which
only the EC parameter is used, the model with R?, RMSE and MAE equal to 0.981, 17. 17 and 6.78 have
relatively good accuracy. Also, model 2 with two input variables including Na and EC was selected as the
superior model in estimating the sodium absorption ratio (SAR) of Tajen River. In this model, the values of
R2, RMSE and MAE in the test phase were equal to 0.989, 0.069 and 0.043. Also, the implementation of the
SVM model showed that this model has acceptable accuracy in estimating two parameters, TDS and SAR,
but compared to the GEP model, the obtained results indicate that the performance of the SVM model has

decreased.
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