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Land subsidence is one of the major environmental and geological challenges in urban and
agricultural areas of Iran, including Varamin County. This phenomenon leads to the
formation of cracks and deep depressions and creates various hazards such as disruption of
urban infrastructure and agricultural areas. The city of Varamin is located on the relatively
vast and flat Varamin Plain, which, due to excessive extraction of groundwater resources
and the thickness of alluvial sediments, is highly exposed to this phenomenon. The data
used in this study include Sentinel-1 images from the period October 8, 2014, to March
25, 2024, extracted from the Subsidence Portal. The remaining data were obtained through
field surveys of the evidence and effects of subsidence, and their geographic locations
were recorded using GPS, ground photography, and the spatial matching of the GPS
points with Google Earth. Interferograms and coherence data were produced using the
LiCSAR system based on the GMTSAR software and interferometry methods. The
interferograms were processed within the overlapping frames defined in the COMET-
LiCS system. To correct the atmospheric model, the GACOS tool and INSAR data were
used to effectively eliminate atmospheric (tropospheric) noise. In order to determine a
transverse profile of the subsidence in the Varamin area, the point at 35°33'8.52" N
latitude and 51°41'2.13" E longitude, with an elevation of 1285.97 meters above sea level,
was selected. The results obtained from the land subsidence data in Varamin County
showed that the average annual subsidence during the period 2014-2024 was 68.1 cm.
The subsidence zoning map indicates that the phenomenon is occurring with non-uniform
distribution and varying intensities, with greater subsidence observed in the central regions
of Varamin—Iikely due to human activities and excessive groundwater extraction. The
maximum recorded subsidence in the VVaramin Plain reached 140 cm. The average annual
subsidence over the statistical period is 68.1 cm, increasing from no measurable
subsidence in 2014 to 169 cm in 2023 and 38.7 cm in 2024. This indicates that land
subsidence in Varamin County, although initially a seasonal hazard occurring mainly
during dry periods and partially compensated during wet seasons, has since 2019 (1398
SY) evolved into a persistent crisis. Field evidence of subsidence also reveals the
vulnerability of human structures, especially residential buildings, with some areas
experiencing such damage that residents have been forced to abandon their homes.
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Introduction

The Varamin region is highly vulnerable to land subsidence due to excessive groundwater extraction
and specific geological conditions. Varamin County is bounded by Pakdasht County to the north, Ray
and Fashafuyeh Counties to the west, Qom Province to the south and southwest, and Semnan Province
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to the east and southeast. The city of Varamin is situated on the relatively vast and flat VVaramin plain.
This phenomenon has led to the formation of valleys and deep depressions in the area and can pose
various risks to local communities, including damage to urban infrastructure and agricultural zones.
Studies conducted domestically and internationally indicate that various factors, including
groundwater level decline, geological characteristics, and human activities, play a significant role in
the subsidence phenomenon in Varamin. Simultaneously, there is a perceived need in this region for a
more precise integration of geophysical data, remote sensing, and statistical analyses. Furthermore,
investigating the socio-economic impacts of subsidence alongside geological assessments represents a
significant research gap that the present study attempts to address.

Research Method

The data used in this research include Sentinel-1 images from the period 2014/08/10 to 2024/03/25,
extracted from the Subsidence Portal website. Part of the data was obtained through field collection of
subsidence evidence and effects, along with their spatial locations using GPS, Camera, and spatial
alignment with Google Earth. Interferograms and coherence data were generated using the LICSAR
system, based on the GMTSAR software and interferometry. The interferograms were processed in
overlapping frames defined in the COMET-LICS system. The GACOS tool was used to effectively
correct the atmospheric (tropospheric) noise from the InNSAR data. Furthermore, to determine the
subsidence profile in the Varamin area, the point at 35°33'8.52" N latitude and 51°412.13" E
longitude with a ground elevation of 1285.97 meters above sea level was selected, where the
coherence value was 0.65.

To remove noise caused by the ionosphere and orbital errors, spatial and temporal filters were
applied. This filter is high-pass in time and low-pass in space with a one-dimensional and two-
dimensional Gaussian kernel in time and space. For subsidence zoning, the coherence value was
extracted, and since the average temporal period was acceptable, the land displacement was extracted.
Zoning and analysis related to vulnerability and comparison with ground evidence were performed in
the ARCMAP environment.

Research Findings

The results from the land subsidence data in Varamin revealed that the average annual subsidence
during the 2014-2024 period was 31.5 mm. The subsidence zoning map indicates an uneven
distribution with varying intensities, showing that higher subsidence occurs in the central parts of
Varamin, which may be attributed to human activities and groundwater extraction. This recent study
estimated the spatial average annual subsidence for Varamin County during the 2014-2024 period to
be 68.1 cm per year, with the maximum in the Varamin plain being 140 cm.

Infrastructure affected by Varamin's subsidence includes approximately 25 km of the Haram-to-
Haram Freeway and about 30 km of the Tehran-Mashhad railway. It can also be stated that the
subsidence rate in Varamin County varies from 0 to 140 cm, and it appears that the spread of land
subsidence in this county is towards the north and the city of Varamin.

A temporal review of land subsidence in Varamin shows that the maximum land subsidence in
2014 (Azar 28, 1393 SY) was 7.81 mm. This amount occurred in 2015 (Mehr 23, 1394 SY) at 9.83
mm. In 2016 (Aban 21, 1395 SY), 11.66 mm of subsidence was recorded. In 2017 (Mordad 26, 1396
SY), the maximum land subsidence of 23.95 mm occurred. In 2018 (Aban 1, 1397 SY), 32.34 mm of
subsidence occurred. In 2019 (1398 SY), subsidence exceeding 30 mm occurred in several months. In
2020 (1399 SY), amounts of approximately 40 mm and higher were recorded in several months. In
2021 (1400 SY), these figures reached 50 mm in most months. In the years after 2021 (1401 SY) until
2024 (1403 SY), which is the study period of this research, subsidence exceeding 50 and 60 mm was
recorded in most months. The average annual subsidence during the statistical period is 68.1 cm,
which has increased from 2014, without subsidence, to more than 169 c¢cm in 2023 and to 38.7 cm in
2024. The decrease of subsidence in 2024 was due to the availability of INSAAR data only in winter.

The overlap of field observations and subsidence zoning showed that all human structures located
within the subsidence zones have been affected by ground displacement. The zones with maximum
subsidence correspond most closely to urban areas and roads. The location of agricultural lands and
residential areas around Varamin indicates the older occurrence of this event, likely due to the
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excessive use of groundwater resources. A newer zone, related to residential areas, shows the
northward expansion of subsidence.

Conclusion

The spatial analysis of vulnerability due to land subsidence indicates that all human structures within
the subsidence zones have been affected by ground displacement in some way. The congruence of
zones with maximum subsidence, urban areas, roads, and field evidence indicates the occurrence of a
land subsidence crisis in this county. The average annual subsidence during the statistical period is
68.1 cm, which has increased from 2014, without subsidence, to more than 169 cm in 2023 and to 38.7
cm in 2024. This indicates that although land subsidence in Varamin County was initially a hazard
occurring during dry seasons and partially compensating during wet seasons, from 2019 (1398 SY)
onwards, it has led to a permanent hazard. Furthermore, field evidence of subsidence indicates
vulnerability of human structures, particularly residential ones, and in some places, people have been
forced to abandon their homes.
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