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Forecasting Groundwater table depth fluctuations using conjunction
models of Wavelet — Neural - Fuzzy Network (WNF) (case study: Aleshtar
Plain)

Masoud Shakarami'*

Abstract

The aim of this study was to estimate the groundwater level of Aleshtar plain at timest+ 1,t+ 3 and t
+ 6 using the parameters of temperature, precipitation and groundwater level at times t, t-1 and t-2 using
models: neural network (ANN) , a neural fuzzy inference system (ANFIS), a neural-wavelet (WNN),
and an integrated neural-fuzzy-wavelet (WNF) network. Two indices R? and RMSE were used to
evaluate the models. The results of predicting different models showed that ANFIS, WNN and WNF
have higher accuracy in predicting groundwater level than ANN model. Also, the comparison of the
results obtained from wavelet-based models and other models showed that these models (WNN and
WMF) have higher accuracy than other models due to pre-processing and data analysis. The use of WNF
model compared to ANN has increased the R?index from 0.94 to 0.98 (in one-month forecast), 0.84 to
0.93 (in three-month forecast) 0.76 to 0.85 ( In the six-month forecast). Also, WNF compared to ANN
model, has decreased RMSE index from 0.56 to 0.32 (in one-month forecast), 0.96 to 0.66 (in three-
month forecast) and 1.18 to 0.97 (in the six-month forecast). The results of groundwater depth prediction
with four models showed that these models have more accurate in predicting shorter time steps. Also,
using of models in predictions with a time delay of more than three months, not only does not have
much effect on the accuracy of the model, but in models with wavelet basis reduces the accuracy.

Keywords: Aleshtar, Groundwater, Neuro-fuzzy-Wavelet, Time series, Wavelet transform.
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groundwater level fluctuations forecasting using conjunction models of
Wavelet - Neural-Fuzzy Network (WNF) (WNN) (case study: Aleshtar
Plain)

Masoud Shakarami!

Introduction

Groundwater has always been considered as one of the important and major sources of drinking water
and agriculture, especially in arid and semi-arid regions. Today, the improper use of groundwater, which
is usually more than the amount of nutrients, has led to the drying of wells, aqueducts and springs,
degraded water quality, increased pumping costs, the advancement of saline water and subsidence. In
this regard, predicting groundwater level fluctuations can be of great help in planning and subsequent
decisions to provide long-term drinking water, agriculture and industry. Thus, accurate and reliable
planning and management of water resources cannot be achieved without accurate and reliable models.
Despite the complexity and random nature of hydrological processes in recent decades, significant
advances have been made in the ability to produce accurate hydrological models. Therefore, predicting
groundwater level fluctuations is absolutely necessary for the proper management of these valuable
resources. There are several methods for predicting hydrological time series such as groundwater level.
The inefficiency of linear models in predicting anonymous and nonlinear time series leads to the
widespread use of artificial intelligence methods such as artificial neural networks (ANN), fuzzy
inference system (FIS), genetic algorithm (GA) as well as hybrid models of systems such as syntheses.
Fuzzy (ANFIS). Using small data, these smart models are able to simulate anonymous and nonlinear
time series with appropriate accuracy in a short period of time. With the advent of wavelet transform
(WT) as a powerful tool in analyzing anonymous and nonlinear time series and proving its capabilities,
many hydrological phenomena have been investigated using it. But it has been less used in the field of
groundwater and in combination with other intelligent models.

Methodology

The purpose of this study is to estimate the groundwater level of Aleshtar basin at timest + 1, t + 3 and
t + 6 using the parameters of temperature, precipitation and groundwater level at times t, t-1 and t-2. In
order to estimate the groundwater level of Aleshtar basin, neural network (ANN), neural-fuzzy system
(ANFIS), neural-wavelet (WNN) and integrated neural-fuzzy-wavelet (WNF) models were used. To
predict groundwater level in 6 piezometers of Momenabad, Kolahkaj, Dehrahm, Chenareh, Alamabad
and Aslanshah using WNN and WNF models, first using wavelet transform, unknown series of
groundwater level, temperature and precipitation into approximate components and details These
subsets were used as input to neural network models (ANN) and neural-fuzzy inference system (ANFIS)
for network training and finally groundwater level prediction. Then these components were combined
again using wavelet transform to reconstruct the main series and finally using the results, ANN, WNN,
ANFIS and WNF models were evaluated and compared. In this study, groundwater level, temperature
and precipitation at times (t-2, t-1, t) were considered as the input of neural network models (ANN) and
neural-fuzzy inference system (ANFIS) and groundwater level in 1, 3 and 6 month scales of prediction
and results were evaluated using two indices R? and RMSE. Eighty percent of the data were used
randomly for training and twenty percent of the data were used for testing and validation. Finally, the
output of the models was compared with the values measured in the observation wells.
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Discussion and conclusion

The results of this study showed that the results of ANFIS, WNN and WNF models have a higher
accuracy in predicting groundwater level than ANN model. Also, due to the instability of the
groundwater level, for more accurate modeling of the groundwater level, it is necessary to pre-process
the input data to the model. Therefore, the use of wavelet transform base models (WNN and WNF) due
to the separation of the signal into high and low frequencies, the model accuracy will be significantly
increased. Using the integrated model of neural-fuzzy-wavelet network (WNF) COMPARES to the
neural network (ANN), R2 index increased from 0.94 to 0.98 (in a one-month forecast), 0.84 to 0.93 (in
3-month forecast) and 0.76 to 0.85 (in the 6-month forecast). Also, the integrated model of neural-fuzzy-
wave network compared to the neural network has decreased the RMSE index from 0.56 to 0.32 (in one-
month forecast), 0.96 to 0.66 (in 3-month forecast) and 1.18. TO 0.97 (in the six-month forecast).
Comparison of real-time series diagrams and values predicted by different models showed that in models
that did not use wavelet transform to parse the input time series (ANN and ANFIS), the graph of
predicted values compared to the graph of observed values has There is a delay.
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