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Objective: Increasing pressure on groundwater resources caused by population
growth, agricultural expansion, and excessive or unauthorized extraction has become
a serious challenge in water resource management, leading to consequences such as
declining groundwater levels, increasing salinity, reduced water quality, and land
subsidence. Analysis of the spatial distribution of deep wells and the factors
influencing their location is an important tool for sustainable groundwater resource
management. Therefore, this study aimed to analyze the spatial distribution of deep
wells and identify critical groundwater extraction zones in Lorestan Province.

Methods: An integrated framework combining Geographic Information Systems
(GIS) and statistical modeling was applied to investigate the relationship between the
spatial distribution of deep wells and environmental factors. The datasets included
spatial coordinates of deep wells, a Digital Elevation Model (DEM), stream network
layers, and average precipitation data for the most recent 10-year period. After
preprocessing in ArcGIS Pro, physiographic and climatic variables—including
elevation, slope, aspect, distance from streams, and precipitation—were extracted as
explanatory variables. A logistic regression model was used to estimate the probability
of deep well occurrence, and a probability zoning map was generated in five classes.
Model performance was evaluated using the ROC curve, the Hosmer—Lemeshow test,
and the Nagelkerke R? index.

Results: The modeling results showed that the spatial distribution of deep wells in
Lorestan Province was significantly influenced by physiographic and climatic factors.
The largest portions of the study area fell within the moderate (37.2%) and high
(35.1%) probability classes. Approximately 12.6% of the area was classified as
critical, mainly concentrated in low-elevation regions, flat plains, and areas adjacent
to stream networks. Model evaluation using the ROC curve yielded an AUC value of
0.801, indicating acceptable predictive accuracy and a satisfactory model fit for
predicting the spatial distribution of deep wells.

Conclusions: The concentration of deep wells in high-probability and critical zones
indicates substantial pressure on groundwater resources, which may lead to declining
groundwater levels, increasing salinity, and deterioration of aquifer water quality.
Therefore, implementing management strategies such as restricting new well permits,
controlling groundwater extraction, continuous monitoring, and artificial aquifer
recharge is essential. The findings of this study can support the identification of
sensitive zones and provide valuable insights for management decision-making aimed
at the sustainable utilization of groundwater resources.

*Corresponding author, Email: reza. jafarinia@iau.ac.ir

Cite this article: Jafarinia, R., Goodarzi, Gh., Jafarian, E. (2026). Spatial Modeling of Groundwater Well Distribution and
Identification of Critical Groundwater Decline Zones Using Logistic Regression and GIS, Journal of New

Approaches in

Water Engineering and Environment. 53), 94-109.

https://doi.org/10.22034/nawee.2026.565619.1184

© The Author(s).
BY NC DOI: https://doi.org/10.22034/nawee.2026.565619.1184

Publisher: Gonbad Kavous University.

aF



Spatial Modeling of Groundwater Well Distribution and Identification of Critical...

Introduction

Groundwater resources play a fundamental role in supplying drinking water and supporting
agricultural irrigation, particularly in arid and semi-arid regions. In recent decades, population
growth, agricultural expansion, and increasing water demand have intensified pressure on
groundwater systems in many parts of the world, including Iran. Excessive groundwater
abstraction through deep wells, combined with reduced natural recharge and climate variability,
has resulted in declining groundwater levels, water quality deterioration, and environmental
consequences such as land subsidence. Physiographic and hydro-climatic factors significantly
influence groundwater recharge and distribution. Variables such as elevation, slope, aspect,
precipitation, and proximity to stream networks affect infiltration processes, runoff dynamics,
and groundwater storage potential. Typically, mountainous areas with steep slopes have limited
infiltration capacity, whereas low-lying plains with gentle slopes provide more favorable
conditions for groundwater accumulation. Lorestan Province in western Iran, characterized by
complex topography, dense drainage networks, and climatic variability from semi-humid to
semi-arid conditions, provides a suitable environment for examining these relationships.
Therefore, this study aims to analyze the spatial distribution of deep wells and identify
groundwater extraction risk zones in Lorestan Province using GIS-based spatial analysis and
statistical modeling to support sustainable groundwater management.

Method

The study area comprises Lorestan Province, located in western Iran between 46°51'-50°03’
E longitude and 32°37'-34°22" N latitude, covering approximately 28,500 km?. The province is
characterized by semi-humid to semi-arid climatic conditions, with an average annual
precipitation of approximately 450 mm. Its pronounced topographic variability and diverse
hydro-climatic conditions make it an appropriate setting for examining the environmental
determinants of deep well distribution. A comprehensive set of spatial and descriptive datasets
was employed in this study. The geographic coordinates of deep and semi-deep agricultural
wells were obtained from the Lorestan Regional Water Authority and processed as point
shapefiles within a GIS environment. Elevation data were derived from the Shuttle Radar
Topography Mission (SRTM) Digital Elevation Model (DEM) provided by the United States
Geological Survey (USGS), from which elevation, slope, and aspect layers were generated. The
stream network layer was extracted from national hydrographic maps and processed as polyline
features. Ten-year mean precipitation data (2013-2023) were collected from synoptic and
climatological stations and interpolated to produce a continuous rainfall surface. All spatial
datasets were projected to the UTM coordinate system and processed in ArcGIS Pro.
Independent variables included elevation, slope, aspect, distance to streams, and precipitation.
To ensure comparability, all variables were standardized to a 0—1 scale. Spatial modeling was
conducted using stepwise logistic regression (likelihood ratio method). A total of presence
points (deep wells) and 500 absence points were used for model calibration. The dataset was
randomly divided into 80% for model training and 20% for validation. Well presence locations
were coded as 1 and absence locations as 0. Model validation was performed using independent
test data to assess predictive performance.

Results

Spatial analysis revealed that physiographic and hydro-climatic factors strongly influence
the distribution of deep and semi-deep agricultural wells in Lorestan Province. Wells are
predominantly concentrated in low-elevation areas (below 2000 m) and on gentle slopes, while
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steep and high-altitude terrain shows minimal well occurrence. Flat terrains exhibit the highest
well density, reflecting the preference for stable and agriculturally suitable landscapes. Most
wells are located within 1000 m of stream networks, highlighting the importance of
hydrographic proximity. Areas receiving 450—600 mm of annual precipitation also show higher
well density, indicating the role of moderate rainfall conditions in supporting groundwater
abstraction. Logistic regression analysis identified elevation, precipitation, and distance to
streams as statistically significant predictors (p < 0.05), with distance to streams exerting the
strongest influence. The resulting probability surface classified the study area into five risk
categories, with the largest proportions falling within moderate (37.2%) and high (35.1%)
classes, while 12.6% was identified as critical—primarily in low-lying plains near stream
networks. Model validation demonstrated satisfactory predictive performance (training
accuracy = 81.4%, validation accuracy = 79%, AUC = 0.801). The Hosmer—Lemeshow test (p
=0.614) and Nagelkerke R? (0.666) confirmed good model fit and strong explanatory power.

Conclusions

The results of hazard modeling and spatial zoning indicate that the study area can be classified
into five groundwater extraction risk classes: very low, low, moderate, high, and critical. Most
parts of the region fall within the moderate (37.2%) and high (35.1%) risk categories, while
about 12.6% of the area is located in the critical zone. The high density of deep and semi-deep
wells in these areas reflects significant pressure on groundwater aquifers. It suggests that several
parts of the region are experiencing a persistent negative groundwater balance. The
concentration of intensive groundwater abstraction in low-lying plains has resulted in
groundwater-level decline, drying of shallow wells, reduced qanat discharge, and, in some
locations, the initiation of land subsidence. If the current trend of overexploitation continues,
further hydrogeochemical deterioration and aquifer depletion are likely to occur. The spatial
risk map derived from the logistic regression model provides a scientific basis for identifying
restricted zones for groundwater extraction and can support groundwater management policies
aimed at controlling abstraction and promoting sustainable use of water resources.
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