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Abstract

Groundwater is considered the most important water source in the Qom plain.
Therefore, predicting the groundwater level fluctuations of this plain can be a
great help for planning and decision-making. The main aim of this study is to
predict the groundwater level of Qom plain by the Adaptive Neuro-Fuzzy
Inference System. It is easily possible to study the process of nonlinear models
such as groundwater without considering the physics of the problem or knowing
the characteristics of aquifer layers and complex geological information by this
method. In this study nine observation wells were selected in Qom plain.
Different patterns and combinations including groundwater level, well discharge,
and rainfall in the earlier 12 months were used for input data and groundwater
level in the current month was selected for output in the model. According to the
results, the mentioned model have had suitable accuracy in predicting the
groundwater level with respect to the correlation coefficient (R2) equal to 0.96
and the root mean square error equal to 0.26. The use of well discharge data in
modeling improved the results in observation wells, which shows that these data
have an effect on decreasing the groundwater level of this plain. Results showed
that drainage from wells is the most important factor in reducing the groundwater
level of this plain. The results also illustrated that the groundwater level of
previous months and the amount of well drainage are suitable for predicting the
groundwater level in arid and semi-arid climates such as Qom plain at the
modeling entrance.

1. Introduction

Optimal and sustainable management of underground water resources requires accurate knowledge of
parameters and special characteristics of each aquifer. Groundwater hydraulics are complex in nature,
non-linear and influenced by various parameters. Even if a mathematical model

is determined, access to complex geological information, characteristics of aquifer layers is not easily
available, and it is difficult to determine the governing equations. So intelligent models, such as artificial
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neural networks, are able to model the dynamic behavior of a nonlinear process without considering the
physics of the.

By introducing of fuzzy sets and fuzzy logic by Professor Lotfizadeh (1965), the issue of using fuzzy
neural networks was raised.

Vahedi et al. (2014) evaluated the effectiveness of artificial neural network and fuzzy logic in predicting
the underground water level in Meshkinshahr Plain. The parameters of precipitation, temperature,
discharge from the aquifer and the level of underground water at a previous time (1-t) were used as
inputs and the level of underground water at time (t) was used as the output of the models. The results
showed that the artificial neural network model shows better performance than the fuzzy model in the
test phase. In this study, the evaluation of fuzzy neural adaptive inference model was used to predict
the underground water level. For this reason the statistics of the past years in the Qom Plain were used.
Previously, this model has not been used to predict the underground water level in the Qom plain (dry
and semi-arid weather conditions), and therefore, using this model as a new tool can be a suitable
solution for the correct, optimal and sustainable management of water resources in the similar plain.

2. Materials and Methods

Qom Plain with an area of 943 square kilometres is part of this study. In this study, nine observation
wells, which can represent the condition of the entire Qom plain aquifer, and also due to the lack of
statistical data, were selected for modelling.

In this study fuzzy logic toolbox is used as follows: at first, the data in three series including training
data, validation data and test data are defined and introduced to the model. The previous literature shows
that the most important influencing factors in the fluctuations of the underground water level of the
Qom Plain are the discharge of water from wells as a factor of draining the aquifer and rainfall as a
factor of feeding the aquifer (Mohammadi Basir et al. 2019). Due to the importance of these factors, in
addition to the time series data of the underground water level, rainfall and discharge data from wells
were also used in this study. The data were selected for a 12-year statistical period and different patterns
of data combination were considered according to table (1). This table shows the input and output
parameters of the network.

Tablel- Input and output parameters of Fuzzy neural network model

Template Input Output
number parameters parameter
1 St12 St
2 St12, Qd St
3 St1z, P, Qu St

In this table, St is the underground water level in the current month, St-12 are the underground water
level in the previous twelve months, Qd is the amount of discharge flow from the exploitation wells and
the parameter P represents the amount of rainfall. 108 data were used for training, 12 data were used
for model evaluation and validation, and 24 data were used for model testing.

3. Results

In the presented model, the data is categorized with the reduction clustering model and the model is
optimized by the hybrid method for training. According to the results, it can be seen that the
groundwater level in all observation wells has been simulated and predicted by the model using the
groundwater level data (temple number 2) with proper accuracy, and the values of R2, RMSE and NS
indices are within the acceptable range. The best result in modeling was obtained for observation well
No. 8 (Zanboorak) with a correlation coefficient of 0.96.

In order to investigate the loss of the underground water level, the contour map of the underground
water level of Qom Plain was prepared. It is clear that in most areas of the Qom Plain aquifer, there has
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been a sharp drop in the water level, and the amount of water level drop has been between 4 and 28
meters. This drop is more evident in the southern and northern parts of the plain

4.  Discussion and Conclusion

In this study, the fuzzy neural hybrid model was evaluated as one of the new methods in predicting the
underground water level of Qom plain, and the underground water level in Qom plain was predicted
with this model for the next 24 months. The results obtained from the modeling showed that the adaptive
neural fuzzy inference model has a good accuracy in predicting the underground water level in Qom
plain. According to the obtained results, this model can be recommended with sufficient confidence to
predict the level of underground water in similar plains. Therefore, according to the prediction made by
the model, with the continuation of the current process of emptying and pumping from the exploited
wells, the drop in the underground water level in the Qom Plain will continue and will cause irreparable
damage to this aquifer.
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Predicting the Groundwater level by Adaptive Neuro-Fuzzy
Inference System
(Case Study: Qom plain)

Seyed Amin Salamatian®, Hossien Abrari?, Atiyeh Nazari®

Abstract

Groundwater is considered the most important water source in the Qom plain. Therefore, predicting the
groundwater level fluctuations of this plain can be a great help for planning and decision-making. The
main aim of this study is to predict the groundwater level of Qom plain by the Adaptive Neuro-Fuzzy
Inference System. It is easily possible to study the process of nonlinear models such as groundwater
without considering the physics of the problem or knowing the characteristics of aquifer layers and
complex geological information by this method. In this study nine observation wells were selected in
Qom plain. Different patterns and combinations including groundwater level, well discharge, and
rainfall in the earlier 12 months were used for input data and groundwater level in the current month
was selected for output in the model. According to the results, the mentioned model have had suitable
accuracy in predicting the groundwater level with respect to the correlation coefficient (R?) equal to 0.96
and the root mean square error equal to 0.26. The use of well discharge data in modeling improved the
results in observation wells, which shows that these data have an effect on decreasing the groundwater
level of this plain. Results showed that drainage from wells is the most important factor in reducing the
groundwater level of this plain. The results also illustrated that the groundwater level of previous months
and the amount of well drainage are suitable for predicting the groundwater level in arid and semi-arid
climates such as Qom plain at the modeling entrance.

Keywords: Qom plain, modeling, aquifer, predicting the groundwater level, Adaptive Neuro-
Fuzzy Model
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