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Estimation of Temporal and Spatial Variations of Groundwater Level
by Combining Intelligent Models and Geostatistical Methods

(Semnan Plain)
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Abstract

Due to the complexity of the nature of groundwater systems as well as the limitations of borehole
drilling, temporal and spatial modeling of groundwater levels are not readily possible. Artificial
intelligence methods such as RBF, ANN, SVR, ANFIS and ARIMA modeling and their
combination with geostatistical methods have been used to find useful solutions for spatial
prediction of groundwater level. The case study of this study is Semnan plain. The first step is
the temporal modeling of groundwater level using different methods. The results showed that the
ANFIS model provides more accurate prediction of the monthly groundwater level in the
experimental stage than other methods (R2 = 0.994 and RMSE = 0.041). Next step, the ANFIS
output data is used as input data for the geostatistical model and the linear kriging model is

selected as the best model for spatial development of groundwater level. (R2 = 0.8889 and RMSE
= 2.376). The results of this study showed that the combination of ANFIS model and linear
kriging model is an appropriate method for temporal and spatial prediction of groundwater level.
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Abstract

Due to the complexity of the nature of groundwater systems as well as the
limitations of borehole drilling, temporal and spatial modeling of
groundwater levels are not readily possible. Artificial intelligence methods
such as RBF, ANN, SVR, ANFIS and ARIMA modeling and their
combination with geostatistical methods have been used to find useful
solutions for spatial prediction of groundwater level. The case study of this
study is Semnan plain. The first step is the temporal modeling of groundwater
level using different methods. The results showed that the ANFIS model
provides more accurate prediction of the monthly groundwater level in the
experimental stage than other methods (R? = 0.994 and RMSE = 0.041). Next
step, the ANFIS output data is used as input data for the geostatistical model
and the linear kriging model is selected as the best model for spatial
development of groundwater level. (R? = 0.8889 and RMSE = 2.376). The
results of this study showed that the combination of ANFIS model and linear

kriging model is an appropriate method for temporal and spatial prediction of
groundwater level.

1. Introduction:

In order to increase the population, the need for water has increased. With the decline of surface water,
humans have been forced to use groundwater, especially in arid and semi-arid regions. Improper use of
these resources has led to problems such as drying up water wells, increasing the cost of pumping and
landslides. To avoid the mentioned problems, accurate forecasting of the volume of these resources
should be done Habibi et al (2015). In recent decades, the use of intelligent models due to high
processing speed, high accuracy and cost and time less than other methods have been used in various
sciences, especially groundwater. However, the use of geostatistical models is widely used in spatial
prediction of groundwater levels. Porte et al (2018) Groundwater level predictions using ANN are
considered. Twenty-year rainfall data were used as neural network inputs to predict groundwater levels.
Das et al (2019) Water level depth modeling has been done using ANFIS. They also predicted the water
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level depth by comparing ANN and ANFIS methods, which was associated with a decrease in
membership functions in the fuzzy model. Dehghani et al (2009) compared three methods ANN, ANFIS
and geostatistics in groundwater level interception. The geometric coordinates of the observation wells
are used as inputs and the groundwater level values are used as outputs. Habibi et al (2015) In order to
predict the temporal and spatial groundwater level have presented a combined genetic-kriging model,
which has generalized results for generalization in the whole plain and areas without groundwater level
measurement. Kamasi et al (2017) spatial-temporal prediction of groundwater level by support vector
machine and kriging method. In order to spatially predict the output of temporal modeling, it was used
as the input of the geostatistical model. The results showed that the more accurate the selection of
models and their fitting, the more accurate the predictions will be. Researchers' studies indicate the
optimal accuracy of geostatistical methods, especially linear kriging. Also, ANFIS, SVR, ANN and
RBF algorithms have been used to predict the groundwater level. On the other hand, the combination
of geostatistical methods and intelligent methods is used to extend the simulation results in the whole
study area without piezometer.

2. Methodology:

In the present study, monthly data on groundwater level variation, precipitation, average minimum
temperature, and minimum relative humidity have been used to predict groundwater level. Groundwater
level in Semnan plain has decreased over time by using algorithms of artificial neural network (ANN),
Base radius function (RBF), Support vector regression (SVR), Adaptive neural fuzzy inference system
(ANFIS) and Auto Regressive integral moving average (ARIMA). Also, in spatial prediction of
groundwater level Geostatistics methods of kriging and Inverse distance weighted (IDW) were used.
In this regard, the 1996-2013 is considered as the training period, 2013-2017 is considered as the test
period. It worth mentioning that the correlation coefficient (R?), root mean square error (RMSE), and
mean absolute error (MAE) are employed for investigating the accuracy of the algorithms.

3. Results and Conclusion:

Based on the findings, ANFIS algorithm is superior to other algorithms. This better accuracy of ANFIS
to other algorithms is because ANFIS makes it possible to extract fuzzy data rules from numerical data
and perform them based on rule-based adaptation. One of the advantages of the methods used is that
the well water table has not been measured in some months and the proposed model can predict the
water level for that time. According to the observational data of the region in the last 20 years, using
the mentioned models, the highest correlation coefficient and the lowest error estimation criterion are
considered. In order to convert point data to a region, kriging interpolation method and Inverse distance
weighted were used that linear kriging method performed better. In order to evaluate the accuracy and
efficiency of the created model, by combining ANFIS and geostatistical methods, the output values of
geostatistical methods were compared with the actual values of groundwater level. Therefore, it can be
said that by using a combination of adaptive neural-fuzzy inference system and geostatistical methods,
a reliable tool for temporal and spatial prediction of groundwater level is obtained.
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