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Abstract

Decreasing precipitation and excessive exploitation of groundwater resources
have led to a significant decline in groundwater levels in many regions
worldwide. One of the aquifers experiencing a noticeable groundwater level
decline is the Nahavand aquifer, located in Hamedan Province in western
Iran. To model groundwater level fluctuations, the Long Short-Term Memory
(LSTM) model and the Group Method of Data Handling (GMDH) were
employed. To improve model accuracy, the Complete Ensemble Empirical
Mode Decomposition (CEEMD) preprocessing technique was applied,
resulting in four models: LSTM, GMDH, CEEMD-LSTM, and CEEMD-
GMDH. The results indicated that the GMDH model outperformed the LSTM
model. Moreover, integrating both models with the CEEMD preprocessing
technique significantly enhanced their performance. Specifically, the
coefficient of determination (R?) of the LSTM model increased from 0.867 to
0.950 in the CEEMD-LSTM model, while the R? of the GMDH model
improved from 0.885 to 0.945 in the CEEMD-GMDH model. In addition, the
evaluation of the Root Mean Square Error (RMSE) and the Akaike
Information Criterion (AIC) demonstrated that the use of CEEMD
preprocessing effectively reduced model errors. Based on these results, the
CEEMD-LSTM hybrid model was identified as the best-performing model
and was subsequently used to predict groundwater levels for the next six
months (the first six months of the 1403—-1404 water year). Overall, the
findings suggest that the CEEMD-LSTM hybrid model provides highly
satisfactory performance for modeling groundwater level variations in the
Nahavand aquifer and has strong potential for application to other aquifers as
well.

1. Introduction

In recent years, the decline in groundwater levels across the country’s aquifers has intensified due to

reduced precipitation, excessive groundwater abstraction, and recurrent droughts. One of the aquifers

significantly affected by this phenomenon is the Nahavand aquifer, located in Hamedan Province in
western Iran. In this study, monthly data on precipitation, temperature, evaporation, and groundwater

levels were collected from available meteorological and observation stations over a 28-year period
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(water years 1996-1997 to 2023-2024). Spatial distribution maps of precipitation, isotherms, and
isoevaporation were generated. Based on the records of the observation wells in the Nahavand aquifer,
37 wells with sufficiently long and reliable statistical periods were selected. Groundwater level statistics
were processed using HEC-4 software, and the period 19962024 was adopted for constructing the unit
hydrograph. Outliers were identified using the box-plot method; when detected, they were removed and
reconstructed using HEC-4. Subsequently, Thiessen polygons were created in a GIS environment to
calculate the area of influence of each observation well, and the monthly groundwater unit hydrograph
of the Nahavand aquifer was finally developed.

2. Materials and Methods

Inspection of the groundwater unit hydrograph revealed a clear declining trend, which can adversely
affect model performance if used directly. To address this issue without altering the original data values,
the temporal order of each dataset was randomly rearranged, thereby removing the trend and ensuring
data randomness. The Mann—Kendall test was applied to evaluate randomness, and the results
confirmed that the complete dataset, as well as the training and testing subsets, satisfied the randomness
assumption. Groundwater level modeling was carried out using the Long Short-Term Memory (LSTM)
neural network and the Group Method of Data Handling (GMDH). To enhance predictive accuracy, the
Complete Ensemble Empirical Mode Decomposition (CEEMD) preprocessing technique was
employed. Consequently, four modeling approaches were developed and evaluated: LSTM, GMDH,
CEEMD-LSTM, and CEEMD-GMDH.

3. Results

Based on sensitivity analysis of the input variables, five different input combinations were considered
for modeling with intelligent techniques. To comprehensively assess model performance and clearly
identify the influence of input parameters, several evaluation criteria were employed, including the
coefficient of determination (R?), root mean square error (RMSE), and the Akaike information criterion
(AIC).

4. Discussion and Conclusion
Model outputs were compared with observed groundwater levels derived from the unit hydrograph, and

the optimal model was selected based on multiple statistical indicators. The results demonstrated that
the GMDH model outperformed the LSTM model when used independently. Furthermore,
incorporating the CEEMD preprocessing technique substantially improved the performance of both
models. Specifically, the coefficient of determination (R?) of the LSTM model increased from 0.867 to
0.950 in the CEEMD-LSTM framework, while the R? of the GMDH model improved from 0.885 to
0.945 in the CEEMD-GMDH model. In addition, reductions in RMSE and AIC values confirmed that
the CEEMD preprocessing effectively decreased model errors. Based on these findings, the CEEMD-
LSTM hybrid model was identified as the most reliable approach and was subsequently used to forecast
groundwater levels for the next six months (the first half of the 2024-2025 water year). Overall, the
results indicate that the CEEMD-LSTM model provides robust and accurate performance for
groundwater level modeling in the Nahavand aquifer and shows strong potential for application to other
aquifer systems.
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