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ABSTRACT

Subsidence is the gradual downward movement of the Earth’s surface, affecting both urban and
rural areas. More than 300 locations across Iran are experiencing surface deformation and land
subsidence due to natural and anthropogenic factors. This study focuses on quantifying and
comparing land deformation in Iran’s major densely populated cities by classifying deformation
intensity into three levels (low, moderate, and high). The aim of this research is to rank the
provincial capitals based on the severity of hazardous land deformation and, consequently,
identify the province with the highest subsidence risk. Using the SBAS technique, the subsidence
rate in the provincial capitals of Tehran, Alborz, Razavi Khorasan, Isfahan, Khuzestan, Fars,
East Azerbaijan, Kerman, and Qom was analyzed through a one-year time series (from
November 2024 to November 2025). The results indicate that Tehran, with a subsidence rate of
22 cm per year, ranks first in terms of subsidence risk. In the remaining cities—Isfahan, Karaj,
Kerman, Mashhad, Tabriz, Shiraz, Ahvaz, and Qom—the affected areas are also extensive,
highlighting the urgent need for preventive measures.
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Introduction
and subsidence, caused by factors like excessive groundwater extraction, urban
development, and mining activities, leads to significant damage to infrastructure and the
environment. In Iran, groundwater extraction is the primary driver of subsidence in many
plains and major cities. Continuous monitoring and identification of susceptible areas
using remote sensing techniques like InSAR are crucial for mitigating risks. InSAR is an
effective tool for monitoring subsidence due to its wide coverage and high precision, and
numerous studies in Iranian cities have utilized this method.

Methodology

Unlike optical systems, radar systems are capable of imaging day and night and under
adverse weather conditions. These systems extract precise geometric and structural
information about the Earth’s surface by transmitting radar pulses and analyzing the
returned signals. Radar interferometry (InSAR) measures surface changes by comparing
the phases of two radar images acquired at different times. The interferogram phase
includes displacement, topography, atmospheric, and noise components, which are
corrected using appropriate methods. The SBAS (Small Baseline Subset) method, by
utilizing subsets of radar images with short baselines, enables high-precision monitoring
of gradual surface changes and is suitable for analyzing subsidence in urban areas and
plains. For the study of subsidence in nine populous cities in Iran, Sentinel-1 satellite
images were used over a one-year period. The average number of images used for each
city was 30. These images, with a C-band radar wavelength, are highly efficient for
monitoring large-scale surface changes due to their high penetration power and suitable
revisit time. Finally, by employing statistical averaging and considering the weight of
pixels with high change amplitudes, the cities were ranked based on subsidence risk.
Results and discussion

Based on the results from processing time-series radar imagery using InSAR and SBAS
methods, the highest subsidence rates are observed in most of Iran's densely populated
cities, particularly Tehran, Mashhad, Isfahan, and Karaj. These findings indicate a
widespread expansion of this phenomenon in urban areas with high population density
and a strong reliance on groundwater resources. Tehran, with the highest average weight
of changes, is at the forefront of high-risk cities, and Mashhad, Isfahan, Karaj, Kerman,
Ahvaz, Shiraz, Tabriz, and Qom are also ranked at high-risk levels, respectively. This
alarming trend places significant pressure on urban infrastructure and populations,
necessitating immediate attention and action.

However, it is important to note that subsidence patterns vary among different Iranian
cities. For instance, in Tehran, the highest vulnerability is observed in the southwestern
and southern regions, while in Mashhad and Isfahan, the phenomenon is expanding from
the outskirts towards the city center. Some cities like Qom and Ahvaz show near-normal
patterns or milder changes. Nevertheless, in areas with dense vegetation, a reduction in
the coherence of radar imagery might lead to an underestimation of the actual subsidence
rate. Therefore, adopting integrated strategies including sustainable groundwater resource
management, implementing appropriate engineering measures, continuous monitoring,
and smart urban planning is crucial for mitigating the risks associated with this
phenomenon.
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Conclusion

This research assesses the risk of land subsidence and uplift in Iran's major cities using
the SBAS method and a novel weighting and ranking criterion. Cities like Tehran,
Mashhad, Isfahan, Karaj, and Kerman are identified as high-risk areas, highlighting the
vulnerability of densely populated urban centers with compact development. The study
proposes practical recommendations to mitigate these risks, including groundwater
management, urban engineering measures, continuous monitoring, evidence-based urban
planning, public awareness enhancement, and regional studies. Ultimately, integrating
remote sensing with comprehensive management strategies is key to reducing the hazards
associated with land surface deformation in Iranian cities.
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Figure 2. Research methodology flowchart
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Figure 3. Spatial and temporal baselines of the images used in the time period from November
2024 to November 2025 for the study area of Tehran city. The image from June 12th, marked in
red, serves as the computational reference image.
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Figure 4. The amount of land surface displacement in the Karaj city area within the time frame
of November 2024 to November 2025
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Figure 5. The amount of land surface displacement in the Tehran city area within the time
frame of November 2024 to November 2025
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Figure 6. The amount of land surface displacement in the Tabriz city area within the time
frame of November 2024 to November 2025
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Figure 7. The amount of land surface displacement in the Mashhad city area within the time
frame of November 2024 to November 2025
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Figure 8. The amount of land surface displacement in the Isfahan city area within the time
frame of November 2024 to November 2025

Silogis g wvﬁgbf
0



".};‘/ﬁ’ wj "K: j":".:‘ ‘5/“.:' tid "é.h: _

Velosity Displacement LOS miyear

56995033 5704109 s7.er1ar 57439204
1 1 L n

30,5168
L

Y+Yo J"“f L;‘ YeVe ).A‘)J Lﬁ"L‘) ejl{ BE QL»_/SJ@JA 03 9d>s 53 s c]a..d dl}«;b [)‘J’,:A .4 JS..:-
Figure 9. The amount of land surface displacement in the Kerman city area within the time
frame of November 2024 to November 2025
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Figure 10. The amount of land surface displacement in the Qom city area within the time frame
of November 2024 to November 2025
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Figure 11. The amount of land surface displacement in the Shiraz city area within the time
frame of November 2024 to November 2025
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Figure 12. The amount of land surface displacement in the Ahvaz city area within the time
frame of November 2024 to November 2025
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Table 2. Ranking of high-risk areas for land surface

deformation/subsidence
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