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Obijective: The aim of this study is to simulate the fluctuations of the groundwater level
of the Arak plain using MODFLOW model and GMDH neural network.

Method: In this paper, MODFLOW transient model is calibrated for an eight-year
period (April 2006 to March 2014) with a monthly time step. Then, this model is
validated for a two-year period (April 2014 to March 2016). The values of R2, NSE, and
RMSE indices for the transient model are 0.9081, 0.7390, and 0.9226, respectively,
while the values of these indices for the validation stage are 0.6783, 0.8948, and 0.9721,
respectively. In the next step, the GMDH model is used to simulate the fluctuations of
the groundwater level. In this case, 80% of the data are used for training the GMDH
model and 20% of the remaining for testing the GMDH model. The values of R?, NSE
and RMSE indices are calculated as 0.9319, 0.9192 and 0.2285 for the network training
stage and 0.9817, 0.9865 and 0.2542 for the testing stage.

Results: According to the results of this study, even though both models have good
efficiency for simulating groundwater level fluctuations, groundwater level fluctuations
can be simulated more accurately using GMDH than MODFLOW model. But using the
MODFLOW maodel, hydrogeological analyzes can be done more easily.

Conclusions: The results of this study show that when the purpose of modeling is only
to simulate the groundwater level, the GMDH model is more suitable, but when the
main purpose of the simulation is to investigate the hydrogeological conditions, the
MODFLOW maodel is more suitable.
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Introduction

Groundwater is one of the main sources of fresh water supply in many parts of the world,
that's why it is very important to protect them. Studying of groundwater is one of the
important tasks of the integrated management of water resources, because in many cases,
these resources are quantitatively, qualitatively and economically better than surface
resources. On the other hand, due to the location of groundwater, it is more difficult to
monitor them compared to surface sources, and in case of pollution, it is more difficult to
improve them. For this reason, it is always tried to use accurate methods for monitoring
aquifers. The aim of this study is to simulate the fluctuations of the groundwater level of the
Arak plain using MODFLOW model and GMDH neural network.

The area studied in this research is the Arak Plain in the southeast of Central Province. This
area with an area of 5510 km? has an average height of 1670 meters above sea level. The
direction of the slope gradient in this area is towards the center of the plain. One of the unique
features of this area is the existence of Arak lagoon with an area of 120 km? in its central part.
This wetland has special ecological features, such as the fact that it hosts a large number of
migratory birds every year. The climate of Arak lagoon is hot and dry Mediterranean and its
annual precipitation is about 361 mm.
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Figure 1. The location of the study area (a- the range of the regulatory dam to Abshirin station b- the range of
Harmaleh station to Bamdej station)

Method

MODFLOW numerical model

MODFLOW is a multipurpose computer program that is used to simulate groundwater flow
in multilayered porous aquifers. This model simulates one-dimensional, two-dimensional, and
three-dimensional flows with the finite difference center-block method in confined (closed),
non-confined (open) aquifers, or a combination of the two. For ease of use in practice, the
MODFLOW computer program is set up as a "section by section”. This program includes a
main program and a number of sub-programs called modules (units). Modules are grouped
into packages. Each package is for a specific aspect of system simulation. For example, the
well package simulates the effect of wells, the river package models the effect of rivers. Some
of the packages are optional and the user can choose to use them or not.
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For this purpose, MODFLOW transient model is calibrated for an eight-year period
(April 2006 to March 2014) with a monthly time step. Then, this model is validated for a two-
year period (April 2014 to March 2016).

In the MODFLOW model, after gridding the model and specifying the boundary conditions
and initial conditions, an equation is written for each node based on the equation governing
the groundwater flow Then, a suitable method such as explicit or implicit methods should be
used to convert the partial differential equation into algebraic equations. Other methods such
as Gauss-Seidel method, Jacobi iteration method should be used to solve these equations so
that the water level simulated by MODFLOW model can be identified in the desired node. In
the following, it is possible to evaluate the accuracy of the model by comparing this value
with the observed value at that point and a suitable performance criterion such as RMSE.

GMDH deep neural network

The values of R%, NSE, and RMSE indices for the transient model are 0.9081, 0.7390, and
0.9226, respectively, while the values of these indices for the validation stage are 0.6783,
0.8948, and 0.9721, respectively. In the next step, the GMDH model is used to simulate the
fluctuations of the groundwater level. In this case, 80% of the data are used for training the
GMDH model and 20% of the remaining for testing the GMDH model. The values of R?,
NSE and RMSE indices are calculated as 0.9319, 0.9192 and 0.2285 for the network training
stage and 0.9817, 0.9865 and 0.2542 for the testing stage.

Results

The values of R*2, NSE, and RMSE indices for the transient model are 0.9081, 0.7390, and
0.9226, respectively, while the values of these indices for the validation stage are 0.6783,
0.8948, and 0.9721, respectively. In the next step, the GMDH model is used to simulate the
fluctuations of the groundwater level. In this case, 80% of the data are used for training the
GMDH model and 20% of the remaining for testing the GMDH model. The values of R"2,
NSE and RMSE indices are calculated as 0.9319, 0.9192 and 0.2285 for the network training
stage and 0.9817, 0.9865 and 0.2542 for the testing stage.

Conclusions

According to the results of this study, even though both models have good efficiency for
simulating groundwater level fluctuations, groundwater level fluctuations can be simulated
more accurately using GMDH than MODFLOW model. But using the MODFLOW model,
hydrogeological analyzes can be done more easily. Therefore, when the purpose of modeling
is only to simulate the groundwater level, the GMDH model is more suitable, but when the
main purpose of the simulation is to investigate the hydrogeological conditions, the
MODFLOW model is more suitable.
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3. Partial autocorrelation function
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