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Abstract :In recent decades, artificial intelligence (Al) systems have created
a new space in evaluating water and environmental engineering issues. In
this study, the usual kriging method as a linear statistical estimator and two
intelligent methods of artificial neural network ANN and adaptive neural
fuzzy inference system ANFIS were evaluated in predicting the amount of
electric conductivity and nitrate in groundwater. In order to conduct studies,
nitrate concentration in 40 wells in Lanjanat plain of Isfahan was measured
by spectrophotometer and electrical conductivity. The input data of the
artificial neural model, including the length and width of the geographies, the
nitrate concentration, and the electrical conductivity value were determined
as the output of the model. In order to investigate the performance and
efficiency of artificial intelligence models in predicting qualitative
information, qualitative information of 50% of the wells was used for
calibration and 50% of the wells were used for validating the models. Finally,
the output of the models was compared with the value measured in the
observation wells based on the mutual error evaluation criteria. The results
showed that the ANFIS model performed better than the other two
interpolation models in predicting the value of electrical conductivity and
nitrate, respectively, with the root mean square error (RMSE) and (mg/l) of
5.362, with the mean bias error (MBE) 2.365 with a correlation coefficient
(R) of 0.767. Also, the ANN model had far better results than the usual
kriging method. Based on this, ANFIS model is proposed for spatial
prediction of electrical conductivity and nitrate in the study area.

Keywords: Groundwater, Neural Network, Fuzzy interface, Ordinary Kriging
Introduction

Groundwater sources in Iran and many other countries with similar climates are the
most important sources of water used in drinking, agriculture, and industry. It is not
possible to measure the water quality in the entire aquifer, and determining the water
quality in all the groundwater sources is a time-consuming and costly process.
Therefore, it is important to determine the quality of the aquifer in places where
sampling has not been done. In this regard, geostatistical methods have played a
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significant role in the sustainable management of groundwater resources in recent
years by predicting the pattern of changes and quantity in places where sampling
has not been done. In recent decades, artificial intelligence (Al) systems have
created a new space in evaluating water and environmental engineering issues.
Many researchers have evaluated hybrid algorithms in solving non-linear problems
by combining artificial neural and fuzzy methods. As a reference example [1]
predicted the water level by combining fuzzy and artificial neural methods.
Reference [2] evaluated the ANFIS and ANN methods based on the LM processing
algorithm to determine the daily rise and fall of the groundwater level. They did not
find any significant difference in the results of the two models and showed that the
computational algorithms have sufficient accuracy in predicting the daily level of
groundwater. Reference [12] used the ANFIS method in modeling the electrical
conductivity of groundwater compounds and showed that despite the small data, the
ANFIS method has a better capacity in EC modeling than the usual regression
methods. Reference [7] compared the ANFIS method and the usual kriging in the
assessment of the groundwater level, and the ANFIS method was more accurate.
Reference [6] used kriging, ANN and ANFIS methods to interpolate heavy elements
in the Caspian Sea and showed that the ANFIS method has the least error in
simulation. Reference [5] used conventional kriging, ANN and ANFIS methods in
modeling electrical conductivity in Tabriz plain and showed that intelligent methods
have higher accuracy in predicting electrical conductivity at the aquifer level.

Material and method

Lanjanat Plain is a part of the catchment area of the Zayandeh Rood River, which is
located in the southwest of Isfahan with an average geographical location of 51
degrees and 39 minutes of geographic longitude and 31 degrees and 56 minutes of
geographic latitude (Figure 1). In terms of geology, the area is mostly covered with
Quaternary sediments. The relevant aquifer is of free and alluvial type and its
material is based on exploratory and observational logs, sand, clay and rubble along
with conglomerate layers.

3678 35 710514
I ™ KilOMEtETS

520000 560000

Figurel. Location of study area
To conduct studies, nitrate concentration in 40 wells in Lanjanat plain of Isfahan
was measured by spectrophotometer and electrical conductivity. The input data of
the artificial neural model, including the length and width of the geographies, the
nitrate concentration, and the electrical conductivity value were determined as the
output of the model. In order to investigate the performance and efficiency of
artificial intelligence models in predicting qualitative information, qualitative
information of 50% of the wells was used for calibration and 50% of the wells were
used for validating the models. Finally, the output of the models was compared with
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the value measured in the observation wells based on the mutual error evaluation
criteria.

The usual kriging method as a linear statistical estimator and two intelligent methods
of artificial neural network ANN and adaptive neural fuzzy inference system ANFIS
were evaluated in predicting the amount of electric conductivity and nitrate in
groundwater. In order to increase the efficiency of the model and better convergence
of results in artificial and fuzzy neural models, all data were normalized between
two numbers 0.1 and 0.9, for this purpose, the proposed relationship 1 was used.
[11].

x; = 0.8 (M) +0.1 1)

Xmax~Xmin

The kriging model has the best results when the data has a normal distribution, so in
using it, the data must have a normal distribution or be normalized with statistical
transformations. In order to determine the distribution of electrical conductivity and
nitrate data, Anderson-Darling test was used with a confidence level of 95%. For
the normality of the data distribution, the Anderson-Darling coefficient should be
less than 2.5 and the obtained confidence level should be more than 0.05 [10]. The
results of the test showed that the distribution of data in EC parameter is abnormal
and in nitrate parameter is normal. Therefore, Box-Cox statistical transformation
was used in Minitab software to normalize data distribution. Figure 2 shows the
results of Anderson-Darling test and histogram for electrical conductivity parameter
in non-normal mode and after using Box-Cox transformation and Figure 3 shows
the results of normal distribution for nitrate parameter.

a EC befor normalization
Normal

B

H

Percent
BUauBd B 8

T T T T
0 1000 2000 3000 4000 5000

EC after normalization
Normal

i}

I

Percent
HEspga B 8

5.5 6.0 6.5 7.0 7.5 8.0 8.5 5.0
EC after BOX-00X transformation

Figure 2. Anderson Darling test result of Electrical Conductivity data before normalizing
(a) Histogram and Anderson Darling test result of Electrical Conductivity data after
normalizing using Box- Cox transformation (b).
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Figure 3. Histogram and Anderson Darling test result of Nitrate

Artificial neural networks extract the hidden law behind this information by
sampling the human brain function system, by processing experimental data and
without paying attention to the physics of the problem. In comparison with
conventional models, these models need less inputs and little computational effort.
Neural networks with appropriate selection of training data for the model have the
most accuracy and establish the most complex relationships between input and
output, and ANN is able to generalize and process messy, incomplete and non-linear
laboratory data. Unlike linear models, ANN has no restrictions on the statistical
characteristics of the data for processing. ANN method is suitable for data where
there is no idea about the complexity and structure of input and output data. ANN
with back propagation algorithm is one of the most widespread neural networks [9].
The goal of this algorithm is to reduce the overall error [3]. In this study, an ANN
artificial neural network with multilayer perceptron (MLP) including 4 layers was
used. The network was implemented with momentum optimization algorithm and
TanhAxon transfer function to choose between different models based on trial and
error. Two hidden layers were also used to adjust the weight of neurons in order to
achieve optimal outputs. In this model, latitude and longitude were determined as
input and output nitrate concentration value of the model (Figure 4).

4\ Function Fitting Neural Network (view) — O 4

Hidden Output
Input Oul—put
al I
2 n n -
10 1

Figure 4. Structure of artificial neural network of ANN in this study

ANFIS was introduced by reference [4]. This method is an advanced and
information-oriented tool that was developed to process complex and ambiguous
dynamic systems [8].

Fuzzy system is a system based on condition-result logical rules that depicts the
space of input variables on the space of output variables by using the concept of
linguistic variables and fuzzy decision making process. The combination of fuzzy
systems that are based on logical rules, and the method of artificial neural networks
that have the ability to extract knowledge from numerical information, has led to the
presentation of a fuzzy neural adaptive inference system [4]. An ANFIS fuzzy
inference system and the ANN method are schematically shown in Figure 5.
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Knowledge base

Date base | l Rule base }——

fuzification defuzification
interface interface

Figure 5- Fuzzy inference system

In this study, latitude and longitude were considered as input and output nitrate
concentration. The structure of ANFIS consists of five layers and functions related
to the nodes of each layer (Figure 6). Each input in the first layer (input nodes) has
two rules (A1, A2, B1 and B2), each of which creates two rules in the second layer
(rule nodes). A brief description of the operation of the five layers is given below.

Layer 1 Layer 2 Layer 3 Layer 4 Layer 5

Figure 6. Structure of ANFIS

In order to conduct studies, Gaussian membership function (guss2mf) with the
number of membership function [5 4] using the hybrid optimization algorithm was
used for the electrical conductivity parameter and the same function with the number
of membership [5 5] was used for the nitrate parameter. The type of membership
function and the number of its members were determined based on trial and error
between different functions in the ANFIS model. The results showed that the
Gaussian membership function with the type [5 4] for electrical conductivity and [5
5] for nitrate determines accurate outputs and therefore it is used as the target
function in this study (Figure 7).

output

ot

Figure 7. Structure of Fuzzy inference system of ANFIS for Nitrate (left) and Electrical
Conductivity (right) in this study

There are various parameters for mutual evaluation of data. In this study, the
parameters of root mean square error (RMSE), mean deviation of error (MBE) and
correlation coefficient (R) were used to evaluate the values predicted by three
models and observed values (Relations 2, 3 and 4).
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Result: For developing the models, points with specific geographic coordinates
were used, where the electrical conductivity and nitrate concentration were
measured. Then the output of the models, which includes the estimation of electrical
conductivity and nitrate, was compared with each other and relative to the observed
values with the mutual evaluation criteria of R, RMSE and MBE. The scatter
diagram of observational and estimated data by three kriging models, artificial
neural network ANN and ANFIS for two parameters electrical conductivity and
nitrate are shown in figures 8 and 9. The results of mutual evaluation with RMSE,
MBE and R parameters were presented in Tables 1 and 2.

Table 1- Results of mutual evaluation of nitrate parameter with three common kriging
models, ANFIS and ANN

MBE RMSE R Interpolation method
2.365 5.362 0.767 ANFIS

4.301 6.603 0.7298 ANN

3.085 5.933 0.7227 Ordinary kriging

Table 2- The results of mutual evaluation of electric conductivity parameter with three
interpolation models of Kriging, ANFIS and ANN

MBE RMSE R Interpolation
method
74.17 246.63 0.7867 ANFIS
82.43 330.04 0.7452 ANN
195.38 387.87 0.7096 Ordinary kriging

According to Tables 1 and 2, ANFIS artificial neural model has the minimum value
of RMSE and MBE and the maximum value of R in both electrical conductivity and
nitrate parameters compared to other interpolation models used. According to the
above tables, compared to the two artificial intelligence methods ANN and ANFIS,
according to the mutual evaluation criteria, the usual kriging method has a low
correlation coefficient and a higher error rate in predicting the electrical conductivity
and nitrate of groundwater. In addition, as it is clear from figures 8 and 9, the density
of the scatter of points around the 1:1 line in the ANFIS model is higher than the
two conventional kriging and ANN models. Also, the ANN artificial neural model
has a better estimate than the usual kriging method.
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Figure 8. Dispersion of observational and estimated data by three Kriging, ANN and
ANFIS models of electrical conductivity parameter
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Figure 9. Scatter diagram of observed and estimated data by three Kriging, ANN and
ANFIS models of nitrate parameter

The results showed that the ANFIS model performed better than the other two
interpolation models in predicting the value of electrical conductivity and nitrate,
respectively, with the root mean square error (RMSE) and (mg/l) of 5.362, with the
mean bias error (MBE). 2.365 With a correlation coefficient (R) of 0.767. Also, the
ANN model had far better results than the usual kriging method. Based on this,
ANFIS model is proposed for spatial prediction of electrical conductivity and nitrate
in the study area.
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