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Accepted: In this research, the GMDH Method was developed to estimate the groundwater
August 4, 2022 level. For this purpose, the daily data (for the last 21 years) of two observation
Available online: wells dug in the plains of Illinois, USA, were used. GMDH model development
August 23, 2023 was developed based on two approaches, conventional model and Neuro Fuzzy-

GMDH. The training of the mentioned models was done using the least squared
error algorithm and also the particle swarm optimization (PSO) algorithm. Time
delays (up to five units) of the data related to the underground water level in these
wells were used in the design of the pattern of the input variables. The results of
Keywords: this research showed that the GMDH model of the underground water level in the
Water _resources | Bondeville well with statistical error indicators including R"2=0.98,
management, time series, | RMSE=0.333 and the MAPE=9.9% and in Perry well average with R"2 =0.99,
lllinois  Plains,  soft  RMSE=0.64 and MAPE=12% in the validation phase. The results of the
computing development of the NF-GMDH model showed that the accuracy of the
development of the GMDH model based on the neuro-fuzzy approach also has a
suitable accuracy and is equal to the GMDH model. The accuracy of both GMDH
and NF-GMDH models increases with the increase of the underground water
level, so that the maximum values of the underground water level are accurately
predicted, while both models have the property of overprediction in estimating
the low values of the underground water level.

1.  Introduction

Groundwater is always one of the most important pillars of the development of human societies,
industrial and agricultural projects all over the world, especially in arid and semi-arid regions.
Forecasting the underground water level in these areas and modeling its fluctuations is very important
in the management and exploitation of these resources. Estimating and modeling the underground water
level plays an essential role even in determining the irrigation cycle (Cheng Kashani and Hammet,
2016). Due to the importance of modeling and estimating the underground water level, many
researchers have studied and investigated the underground water level and its changes and fluctuations.
Mohtsham et al. (2016) studied the numerical modeling of the water level in Birjand Plain using
artificial neural network model and MODFLOW numerical model. They used GMS software package
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for numerical modeling using MODFLOW software package. The results of their research showed that
the MODFLOW model can predict the underground water level up to the next 24 months with
acceptable accuracy, and the artificial neural network model can also predict the underground water
level up to the next 18 months with reasonable accuracy. The use of numerical models such as GMS
software packages require a lot of information about the aquifer (such as hydraulic conductivity
coefficient, special storage, etc.). Therefore, this type of numerical modeling needs recalibration
because the hydrodynamic parameters and coefficients of the aquifer are changing. The completer and
more accurate the information about the aquifer is, the more accurate and reliable the numerical
modeling results will be. Nowadays, due to the high cost of calibrating numerical models (such as GMS
software), researchers use soft computing models to estimate and predict the hydrodynamic behavior
of aquifers.

2. Materials and Methods

In this research, in order to model the fluctuations of the underground water level, the data of the
Bondville and Perry observation wells in the Illinois region of the United States were used. The
underground water level in these two wells is recorded daily by the regional water organization of this
province. The recorded data from these two wells during the years 2001 until now are available. Table
1 shows the location coordinates of this well. In figure (1 and 2) the fluctuations of the underground
water level are shown in Bondeville and Perry wells during the used statistical period, respectively. The
statistical characteristics of the data recorded in this well are presented in Table (1).

Group method of data Handeling(GMDH)

The GMDH model is one of the types of multilayer neural network models, which has an introduction
layer of variables and input parameters, an intermediate layer (s) and an output layer within its structure.
Using combinations of optimizer and approximation in the structure of this model creates more accurate
results of predicting the physical behavior of phenomena. In this network, the relationship between the
input and output parameters of each system can be expressed by the series of Volterra functions, which
is similar to the discretized Klomogrov-Gabor polynomial, in the form of equation (1).

3. Results

In this part, the results of modeling and forecasting of the underground water level in the studied areas
(Perry and Bondville wells in the plains of Illinois, USA) are presented using soft computing models
including the data group classification model. As it was said, for modeling and estimating the level of
the water table in each region, the pattern of input variables is designed based on the number of time
delays (up to five numbers). The prepared data are divided into training and testing according to the
pattern of input variables to be used in the calibration and validation stage of GMDH and NF-GMDH-
PSO models. In order to estimate the underground water level in these two wells according to the
patterns presented in Tables 5 and 6, in the first scenario, the first and second time delay steps are
considered as input and the underground water level at time step t is considered as output. . Considering
that there are only two inputs in this scenario, therefore there is only one neuron in this network. The
coefficients used in this study of both Bondville and Perry wells are presented in Table 4 for both wells.
The performance of GMDH model developed based on this scenario in different stages of development
including training and testing is presented in Tables 5 and 6. Next, the effect of increasing input
information in the form of increasing time delays was investigated. The results of the effect of increasing
the input information on the accuracy of the GMDH model in different stages of development, including
training and testing, are given in Tables (5 and 6). Examining this table shows that the statistical indices
of the GMDH model developed for the Bondoil well are very suitable, so that in the training stage, the
average statistical index of the explanation coefficient is R"2=0.98 and the root mean square error
RMSE=0.327m and the absolute average error percentage is equal to MAPE=10%. It should be noted
that the average performance of the developed models in the test phase is R*2=0.9, and the root mean
square error is RMSE=0.333m and MAPE=9.9%.

4.  Discussion and Conclusion

In this study, the groundwater level in Bondville and Perry wells in Illinois was modeled and predicted
using GMDH and NF-GMDH-PSO models. For this purpose, the daily information of the last twenty
years of both wells was used. In order to design and determine the pattern of input variables, time delays
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(up to five-time delay units) were used. The training and development of GMDH model was done with
the help of error square algorithm and the training of NF-GMDH-PSO model, as its name suggests, was
done with the help of particle swarm algorithm. The activation function in the GMDH algorithm is a
degree polynomial function and, in the NF, -GMDH-PSO model it is a Gaussian function. The results
showed that the GMDH model with three units of time delay in the input variables with statistical
indicators in the verification stage can predict the underground water level of Bondoil and Perry wells
with an accuracy of [RMSE] P=0.64m and [RMSE] _B=0.333m. NF-GMDH-PSO model with
the same input variables can predict the underground water level with an accuracy equal to [RMSE]

_P=0.684mand [RMSE] _B=0.528 in the verification stage.
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