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The depletion of surface water resources has necessitated uncontrolled
groundwater abstraction in various regions worldwide, resulting in
substantial reductions in groundwater table levels. As populations
continue to expand, the extraction of these essential resources has
intensified, posing a significant threat to natural reserves. This study
aims to monitor groundwater levels through the analysis of satellite
imagery and to investigate the correlation between these levels and
land use patterns. To accomplish this objective, relevant satellite
images were acquired and subjected to appropriate pre-processing. An
object-oriented methodology was employed to generate land use
classification maps for two distinct years, alongside a land use change
map covering a fifteen-year period from 2000 to 2015. Moreover,
groundwater level maps for the study area were produced for both
years utilizing the Gaussian method, recognized as the most accurate
approach. The findings indicate a robust and significant relationship
between land use and groundwater levels, revealing that areas with
higher vegetation exhibit lower groundwater levels compared to other
regions. This phenomenon can be attributed to the hydrological
dynamics that facilitate the movement of water from higher potential
zones to these areas. Additionally, irrigated agricultural practices
demonstrated the most pronounced average decline in water levels
relative to other land uses, underscoring the excessive reliance on
groundwater for irrigation in the study area. The results further
illustrate that the conventional kriging method with Gaussian variance
surpasses other techniques in estimating groundwater table depths
across both statistical periods. Analysis through conventional kriging
reveals a general decline in groundwater levels throughout the majority
of the plain during the study period, with a maximum decrease of 40
meters and an average reduction of 15 meters.
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Introduction
Groundwater resources are crucial for the sustenance of agriculture, industry, and domestic

needs, particularly in arid and semi-arid regions. However, the phenomenon of
overexploitation and uncontrolled usage has resulted in a significant decline in groundwater
levels on a global scale. Additionally, changes in land use, driven by population growth and
urban expansion, have critically influenced the hydrological cycle, thereby affecting both
groundwater recharge and quality. A comprehensive understanding of the interplay between
land use patterns and groundwater levels is essential for the sustainable management of water
resources. This study focuses on the Meshginshahr plain in Ardabil Province, Iran, where
rapid agricultural and urban development has intensified pressures on groundwater
resources. The primary objective is to analyze land use changes over a 15-year period (2000—
2015) and to assess their impact on groundwater levels through the application of remote
sensing, Geographic Information Systems (GIS), and geostatistical methods.

Material and Methods
This study utilized Landsat satellite imagery, specifically from the Thematic Mapper (TM)

and Operational Land Imager (OLI) sensors, for land use classification in the years 2000 and
2015. An object-oriented classification approach was implemented using eCognition
Developer 64 software, followed by an accuracy assessment that incorporated GPS field
data. Groundwater depth data were collected from 20 piezometric wells and subsequently
interpolated utilizing geostatistical methods, including Inverse Distance Weighting (IDW),
Radial Basis Function (RBF), and Ordinary Kriging employing a Gaussian model. Cross-
validation was performed to evaluate the accuracy of these interpolation methods, with
statistical indicators such as Root Mean Square Error (RMSE) and Mean Error (ME)
facilitating comparison. The interpolation method exhibiting the highest accuracy was
employed to generate groundwater level maps for both years. A change detection analysis
was conducted to assess the relationship between land use dynamics and fluctuations in
groundwater levels.

Results and Discussion
The findings indicate significant alterations in land use over the 15-year period under

examination. Rain-fed agriculture continued to be the predominant land use type, followed
by rangeland; however, both categories experienced notable reductions. In contrast, irrigated
agriculture and urban areas exhibited expansion, highlighting the increasing anthropogenic
pressure on natural resources. The Ordinary Kriging method utilizing a Gaussian model
demonstrated superior performance compared to other interpolation techniques, as
evidenced by the lowest root mean square error (RMSE) values recorded for both assessment
years (0.256 in 2000 and 0.248 in 2015). Groundwater level maps revealed a general decline
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across the study area, with the most pronounced depletion occurring in irrigated agricultural
zones. These regions displayed the highest average groundwater depths in both years (34.02
m in 2000 and 37.08 m in 2015), emphasizing the significant dependence on groundwater
for irrigation purposes. Conversely, forest and water body classifications exhibited the
lowest groundwater depths, suggesting the presence of natural recharge processes within
these areas. The statistical analysis corroborated a strong correlation between land use
changes and fluctuations in groundwater levels, particularly attributable to the conversion of
rangeland and forested areas into agricultural and urban uses.

Conclusion
This study elucidates the substantial influence of land use changes on groundwater levels in

the Meshginshahr plain. The proliferation of irrigated agriculture and urbanization has
resulted in a persistent decline in groundwater levels, thereby posing a significant threat to
long-term water sustainability. The integration of remote sensing, geographic information
systems (GIS), and geostatistical methodologies has proven effective in monitoring and
analyzing these changes. The application of the Ordinary Kriging method utilizing a
Gaussian model yielded the most precise estimations of groundwater levels. The findings
underscore the necessity for integrated land and water management strategies to mitigate
further depletion of groundwater resources and to promote sustainable development in the
region. Policymakers and local authorities are urged to incorporate these insights into future
planning and regulation of water use practices.
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