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Objective: Over the past two decades, land subsidence has emerged as a significant
geomorphological hazard and environmental crisis, inflicting irreversible damage on
Iran's plains. Excessive and unregulated groundwater extraction stands as a primary driver
of this phenomenon. The Eshtehard Plain, a key industrial and agricultural hub in Alborz
Province, has been designated a critically prohibited zone by the Ministry of Energy due
to severe groundwater depletion. This study aims to model the subsidence risk in this plain
using the Random Forest algorithm and identify its key contributing factors. The primary
innovation lies in employing Differential Interferometric Synthetic Aperture Radar (D-
INSAR) data to generate the dependent layer of subsidence points, offering a cost-effective
and time-efficient alternative to field-based methods and enabling modeling in data-scarce
regions.

Methods: For modeling, 12 independent layers were utilized, including digital elevation
model (DEM), distance to rivers, ganats, wells, faults, groundwater depth, drainage
density, soil type, lithology, land use, topographic wetness index (TWI), and solar
radiation, alongside a dependent layer of subsidence points derived from D-InSAR data
of 2023. The Random Forest algorithm, selected for its high stability, resistance to
overfitting, and ability to handle complex and imbalanced data, was implemented in the
R software environment. The importance of factors was assessed using Mean Decrease
Accuracy and Mean Decrease Gini indices, with model performance evaluated through
Accuracy, Kappa coefficient, and Area Under the Curve (AUC) metrics.

Results: Results demonstrated that the Random Forest model exhibited robust
performance in zoning subsidence risk, achieving an overall Accuracy of 0.963, a Kappa
coefficient of 0.611, and an AUC of 0.955. The most influential variables were identified
as groundwater depth, distance to wells, geology, and land use. Over 65% of the study
area fell within high- and very-high-risk zones, underscoring the critical condition of the
Eshtehard Plain. Notably, urban land use increased steadily from 2011 to 2023, with a
significant surge in 2023, exacerbating subsidence intensity due to heightened pressure
on groundwater resources.

Conclusions: The Random Forest algorithm successfully modeled the spatial distribution
of subsidence risk with high accuracy, positioning it as an effective tool for groundwater
resource management, sustainable land-use planning, and geohazard mitigation.
However, limitations such as class imbalance in the data may impact the Kappa
coefficient. Future studies are recommended to employ sampling techniques like SMOTE
to enhance data balance and model precision. This approach holds transferable potential
for urban planning and water resource management in similar regions.
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EXTENDED ABSTRACT

Introduction

Environmental crisis, inflicting irreversible damage on Iran's plains. Excessive and unregulated
groundwater extraction stands as a primary driver of this phenomenon. The Eshtehard Plain, a
key industrial and agricultural hub in Alborz Province, has been designated a critically
prohibited zone by the Ministry of Energy due to severe groundwater depletion. This study aims
to model the subsidence risk in this plain using the Random Forest algorithm and identify its
key contributing factors. The primary innovation lies in employing Differential Interferometric
Synthetic Aperture Radar (D-InSAR) data to generate the dependent layer of subsidence points,
offering a cost-effective and time-efficient alternative to field-based methods and enabling
modeling in data-scarce regions.

Methods

For modeling, 12 independent layers were utilized, including digital elevation model (DEM),
distance to rivers, ganats, wells, faults, groundwater depth, drainage density, soil type,
lithology, land use, topographic wetness index (TWI), and solar radiation, alongside a
dependent layer of subsidence points derived from D-InSAR data of 2023. The Random Forest
algorithm, selected for its high stability, resistance to overfitting, and ability to handle complex
and imbalanced data, was implemented in the R software environment. The importance of
factors was assessed using Mean Decrease Accuracy and Mean Decrease Gini indices, with
model performance evaluated through Accuracy, Kappa coefficient, and Area Under the Curve
(AUC) metrics.

Results

Results demonstrated that the Random Forest model exhibited robust performance in zoning
subsidence risk, achieving an overall Accuracy of 0.963, a Kappa coefficient of 0.611, and an
AUC of 0.955. The most influential variables were identified as groundwater depth, distance to
wells, geology, and land use. Over 65% of the study area fell within high- and very-high-risk
zones, underscoring the critical condition of the Eshtehard Plain. Notably, urban land use
increased steadily from 2011 to 2023, with a significant surge in 2023, exacerbating subsidence
intensity due to heightened pressure on groundwater resources.

Conclusion

The Random Forest algorithm successfully modeled the spatial distribution of subsidence risk
with high accuracy, positioning it as an effective tool for groundwater resource management,
sustainable land-use planning, and geohazard mitigation. However, limitations such as class
imbalance in the data may impact the Kappa coefficient. Future studies are recommended to
employ sampling techniques like SMOTE to enhance data balance and model precision. This
approach holds transferable potential for urban planning and water resource management in
similar regions.
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