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ABSTRACT
Introduction

The Urmia Plain, a vital agricultural hub in northwestern Iran, has faced a serious and
increasingly critical challenge of land subsidence in recent decades. This phenomenon,
posing a major threat to the region's environment and economy, results from a combi-
nation of natural and anthropogenic factors. Natural factors include a complex tectonic
structure, active faults, fine-grained sediments, and shallow alluvial aquifers, which
have predisposed the area to subsidence. On the other hand, human factors, particularly
the over-extraction of groundwater for agricultural, industrial, and urban uses, coupled
with semi-arid climatic conditions and prolonged droughts, have led to a severe decline
in groundwater levels and the exacerbation of this phenomenon. The consequences of
this crisis are not limited to geotechnical issues but also include infrastructure damage,
reduced agricultural productivity, and ecosystem instability.

Although scattered studies in geology and hydrology have been conducted in the region,
comprehensive research specifically analyzing subsidence using modern technologies
like Radar Interferometry (InSAR) and in direct conjunction with ground data (piezom-
etry) has been limited. Previous studies have primarily focused on identifying and re-
porting subsidence rates at specific points (e.g., around Lake Urmia) and have less fre-
quently addressed spatiotemporal causal analysis on a large scale and the zoning of
critical areas.

Methodology

This research aimed to investigate the land subsidence phenomenon in the aquifer of
the Urmia Plain by employing an integrated approach combining remote sensing data
and ground data. The methodology of this study was systematically designed and exe-
cuted in several main stages.

The data used in this research were gathered from reliable domestic and international
sources. The most important of these data included Sentinel-1A radar images from the
European Space Agency for the period 2015 to 2023, the SRTM digital elevation model
with 30-meter accuracy from NASA, water level data from 23 piezometric wells from
the Regional Water Authority for the period 2002-2003 to 2022-2023 (1381 to 1401 in
the Persian calendar), and 1:100,000 scale geological maps.
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Results and Discussion

Key findings of this research reveal that processing radar images with the DInSAR technique uncovered a significant
rate of land subsidence within the study area. The range of cumulative land surface changes over the 8-year period
(2015-2023) fluctuated between 0.96 meters (uplift) and -0.09 meters (subsidence), with the maximum subsidence value
(-0.9 meters) concentrated in the southern parts of the region. The accuracy and reliability of these processings were
confirmed by a coherence value of 0.76. On the other hand, the analysis of data from 23 piezometric wells over the 20-
year period (2002-2022) shows a worrying pattern of aquifer depletion, leading to a water level drop of over 13 meters
in some areas. The conducted zoning identified areas with very severe, severe, moderate, and low decline. However, a
very important and key finding was the absence of a direct and simple relationship between the amount of water decline
and the intensity of subsidence. Specifically, high and very high subsidence classes (collectively 48.8% of the area's
total) occurred predominantly in areas with moderate to low water decline (0 to -3.5 meters). In particular, the very high
subsidence class (19.06% of the region) showed its highest concentration within the range of relatively low water de-
cline (0 to -1.5 meters), while areas with very severe water decline (more than -7 meters) had a negligible share in the
subsidence phenomenon.

Conclusions

The results of this research indicate that the unexpected pattern of subsidence distribution signifies the determining role
of intrinsic local geological and hydrogeological characteristics (such as the thickness, compressibility, and geotech-
nical properties of fine-grained layers) in the intensity of this phenomenon, such that these factors are much more
significant than merely the amount of water level decline. The observation of subsidence in areas with low water decline
and its persistence even after water levels stabilize shows that time-dependent phenomena like secondary consolidation
and creep in fine-grained layers can cause subsidence to continue. Furthermore, the mismatch between the spatial dis-
tribution of subsidence (concentrated in the center and south) and the pattern of water decline (severe in the north) again
emphasizes the crucial role of local geological factors. From a management perspective, these findings necessitate
adopting an approach based on local characteristics, identifying subsidence hotspots, and implementing management
strategies tailored to the conditions of each sub-region. Additionally, continuous and integrated monitoring of this phe-
nomenon by combining remote sensing techniques and ground data is highly recommended for a better understanding
of the mechanisms and for assessing the effectiveness of mitigation strategies.
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