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Introduction

Drought and excessive extraction of groundwater in recent decades has led to a
groundwater decline, and negative water balance. Kuhdasht Plain in Lorestan Province,
despite having relatively suitable hydrological conditions, has not been exempt from this
rule, and its groundwater resources have shown a decreasing trend.

Objectives
The aim of this study is to quantify and predict changes in groundwater storage in
Kuhdasht Plain by analytical models, time series, and machine learning.

Materials and Methods

The hydrograph of the Koohdasht aquifer was plotted based on monthly water level data
from 13 piezometric wells, and the annual changes in aquifer storage volume were
calculated using a two-dimensional analysis method within a GIS environment. To
predict fluctuations in groundwater level and storage, time series models including AR,
MA, ARMA, ARIMA, and SARIMA were combined with machine learning algorithms
such as Linear Regression, Random Forest, and Gradient Boosting.

Results

The results showed that the groundwater level of the plain has decreased by an average
of 0.37 m/year and the balance deficit in dry years has reached about 15 MCM. Negative
values of the SPEI-12m (<-1.5) better reflected the impact of drought in dry years on the
status of the groundwater. However, increased withdrawal from wells in dry years are
important factor of groundwater decline. Evaluation of machine learning algorithms
demonstrated the high accuracy of combining linear regression with different time series
models in all piezometric wells (R?>0.98 and RMSE <0.4 m in some wells) to predict
groundwater levels. The optimal time series model for Khoshnamvand, Sari, Omur
Ashayer, Zaq Zalyab, Boglan, Qaralyvand, Jadhe Keshavarzi wells and for other wells
were determined as AR(2), AR(3), ARIMA(2,1,2), MA(2), SARIMA(0,1,1)(0,1,1,12),
ARMA(1,1), Optimized SARIMA, and Optimized ARIMA, respectively.

Final Conclusion

The findings indicated a 9.5-meter drop in groundwater level over 15 years and a storage
deficit of up to 15 MCM in dry years. Despite a relative recovery in wet years, the
downward trend in groundwater level is still persistent, which is most likely controlled
by the increase in exploitation of groundwater resources. The combination of time series
models with linear regression algorithm was selected as the best model and predicted
aquifer storage deficit for the water years 1404-05 and 1405-06 to be about -0.7 and -1.22
million cubic meters, respectively. In such circumstances, a fundamental revision of the
exploitation pattern, installation of smart meters, and watershed management measures
to implement artificial recharge plans is inevitable.
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Introduction

Groundwater aquifers are vital freshwater sources, supplying about 40% of global drinking water, yet
excessive abstraction and recurrent droughts have caused significant water table declines, land
subsidence, and water supply crises worldwide. In Iran, the imbalance between extraction and recharge
has led to an average annual decline of 0.5 meters across many plains over the past 15 years, with an
estimated total depletion of 74 billion cubic meters between 2002 and 2015. The Koohdasht plain in
Lorestan Province, despite favorable hydro-climatic conditions, has experienced a negative water
balance, with a recorded 22.5-meter decline over 29 years. Previous studies have applied various
methods ranging from analytical models and MODFLOW to time series (AR, MA, ARMA, ARIMA,
SARIMA) and machine learning algorithms (Linear Regression, Random Forest, Gradient Boosting,
XGBoost, SVM, and LSTM) to monitor, simulate, and predict groundwater fluctuations and storage
changes in different regions, demonstrating the superiority of hybrid and nonlinear approaches.
Accordingly, the present study not only quantifies annual aquifer depletion and storage variations using
a two-dimensional flow equation within a GIS framework but also integrates time series models with
machine learning to predict water level and storage changes at piezometric wells, representing a novel
contribution beyond previous research.

Objective

The primary objective of this research is to monitor and predict changes in groundwater storage in the Koohdasht
plain through the integration of analytical models, time series analysis, and machine learning approaches. The
main goal is to forecast future groundwater levels and storage deficits by combining time series models (AR, MA,
ARMA, ARIMA, and SARIMA) with machine learning algorithms. Ultimately, this research seeks to develop a
clear understanding of the aquifer's historical and current behavior, thereby providing a scientific basis for
informed management interventions including reduced abstraction and the implementation of artificial recharge
strategies to ensure the sustainable management of groundwater resources in the region.

Material and Method

This study was conducted in the Koohdasht plain, Lorestan Province, covering an area of 1,129.3 kmz,
with groundwater level data from 13 piezometric wells over a 15-year period (2007-2022). Annual
aquifer storage changes were calculated using the two-dimensional storage equation within a GIS
framework. The drought impact on groundwater analysed by SPEI index. For groundwater level and
storage prediction, a hybrid approach combining time series models (AR, MA, ARMA, ARIMA,
SARIMA) with machine learning algorithms (Linear Regression, Random Forest, Gradient Boosting)
was implemented in Python, using 70% of data for training and 30% for testing. Model performance
was evaluated using R2, NSE, RMSE, MAE, and MAPE statistical criteria to ensure accuracy and
reliability of predictions.

Finding

Monitoring of the Koohdasht plain aquifer over the 15-years (2007-2022) revealed a general declining
trend in groundwater levels, with a total drop of approximately 5.9 meters (average 0.37 m/year), despite
temporary recovery during wet years (2017-2020). Spatial analysis indicated that the most severe
declines and storage deficits occurred in the northeastern, southeastern, and central parts of the aquifer,
particularly during hydrological years 2007-2008, 2009-2010, 2012-2013, 2014-2015, and 2016—
2017, with annual storage losses reaching up to 15 million m3 in critical years. The SPEI-12 drought
index showed a weak correlation with groundwater fluctuations (r~ 0.18 at an 11-month lag), suggesting
that anthropogenic over-abstraction, rather than climate variability alone, is the primary driver of aquifer
depletion. Among the predictive models, hybrid AR/ARIMA with Linear Regression (a = 0.1)
consistently outperformed other combinations, achieving R? > 0.98 and NSE > 0.98 for most piezometric
wells during testing, while Random Forest and Gradient Boosting hybrids showed comparatively lower
accuracy, particularly in capturing extreme values. Forecasts for the upcoming years (2025-26 and
2026-2027) indicate near-normal conditions with slight negative storage changes (—0.7 to —1.22 million
m?3), suggesting a modest improvement compared to historical deficits, yet emphasizing the continued
need for managed abstraction and artificial recharge strategies.
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Conclusion

This study confirms that the Koohdasht plain aquifer is experiencing a sustained declining trend,
reflecting the broader groundwater depletion crisis observed like most Iranian plains. Although the
aquifer exhibits a notable capacity for partial recovery during wet periods evidenced by storage gains of
17-25 million m3 in 2017-2020 the overall negative balance persists, primarily driven by excessive
agricultural abstraction rather than climatic variability alone, as substantiated by the weak correlation
between the SPEI-12 index and groundwater fluctuations. Spatially, the most critical depletion zones
are concentrated in the northeastern, southeastern, and central sectors, where high well density and
intensive cropping systems exert maximum stress on the aquifer. From a methodological standpoint, the
integration of time series models (AR, ARIMA, and SARIMA) with Linear Regression as a hybrid
forecasting framework proved highly effective, consistently outperforming both standalone models and
combinations with more complex algorithms such as Random Forest and Gradient Boosting. The
superior performance of these hybrid approaches underscores their potential as reliable decision-support
tools for groundwater prediction. However, future projections for 2025-26 and 2026-27 indicate only a
modest attenuation of historical decline rates (—0.7 to —1.22 million m?), and these estimates should be
interpreted with caution, as they do not account for exacerbating factors such as consecutive droughts,
rising temperatures, or increased evapotranspiration, which could intensify actual deficits. Collectively,
these findings necessitate a paradigm shift in groundwater governance, moving from reactive crisis
management to proactive, science-based planning. Essential interventions include enforcing pumping
regulations, promoting water-efficient cropping patterns, adopting modern irrigation technologies,
implementing artificial recharge schemes, and establishing a robust monitoring network with smart
metering systems. Future research should extend the hybrid modeling framework by incorporating
climate change scenarios, adaptive management strategies, and spatially explicit storage coefficients,
while also addressing uncertainty quantification, to enable long-term, resilient water resource planning
in the region.
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