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Earth surface subsidence due to the over-extraction of underground water resources is
considered a global crisis, which causes serious economic damage and threatens the safety of
the residents of these areas. One of the most important subsidence risks is the formation and
development of ground fissures. Identifying areas with surface ruptures can play a significant
Received: Nov. 12, 2024 role in risk management and assessing, strengthening, and improving the structures located in

. these areas. The ground ruptures in the Kashan Plain are a clear example of surface ruptures
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. . the horizontal component of subsidence can help locate the places where ruptures are formed.
Published online: May. 2025 On the other hand, fissures occur in areas with asymmetric subsidence due to the change in

the slope of the bedrock. Therefore, determination of the vertical displacement gradient can
lead to the identification of places with high changes in the displacement rate and, as a result,
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EXTENDED ABSTRACT

Introduction

Earth surface subsidence is a gradual decrease in the height of the earth's surface due to human
intervention, such as over-extraction of underground water, oil and gas extraction, mining activities, or as a
result of tectonic phenomena, which can have a small horizontal displacement vector. Due to the lack of
sustainable management of underground water resources, various regions in the world have faced widespread
subsidence. One of the most important dangers of the subsidence phenomenon is the formation and
development of ground fissures. Therefore, identifying the location of these fissures caused by subsidence is
considered a key issue in urban management.

In Iran, the over-extraction of underground water resources and the global consequences of climate
change have caused land subsidence in many areas of the country. As an example, Kashan Plain is a prominent
example of subsidence areas with numerous cracks.

In this research, the displacement field obtained from the radar interferometric technique and its gradient
are applied to predict ground fissures formed due to the subsidence of the Kashan Plain and to identify areas
prone to creating future fissures. This analysis can be applied to identify and reduce damage to surface and
subsurface structures in subsidence areas.

Method

In this research, the ground surface displacement field in Kashan plain is determined by processing
Sentinel-1 satellite radar images with GMTSAR software. Consequently, the area affected by the subsidence
phenomenon in Kashan plain has been identified and evaluated. To estimate the horizontal and vertical
components of the displacement caused by the subsidence in the Kashan plain, 30 Sentinel-1 radar images of
the area from the ascending orbit and 30 radar images of the area from the descending orbit from December
2020 to December 2022 obtained from the European Space Center. These images are processed with GMTSAR
software.

On the other hand, since the areas with asymmetric subsidence are more prone to form cracks and
sinkholes and damage to the surface and subsurface structures, in order to prepare the subsidence risk map, the
land subsidence gradient map in Kashan plain was calculated.

Results and Discussion

The results show the areas with maximum horizontal displacement and maximum vertical displacement
gradient are matched. A field visit to the subsidence area showed the creation of wide interconnected cracks
and sinkholes in the areas with maximum horizontal displacement and a displacement gradient of more than
10%.

Therefore, it can be concluded that the gradient of vertical displacement and horizontal displacement
determination can provide us with a map of high-risk areas of subsidence in terms of forming cracks on the
surface and structures. Therefore, it is suggested to calculate these hazard maps for all subsidence areas in
order to speed up the process of reviewing and consolidating local facilities and structures.
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