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Land subsidence is a complex geotechnical hazard with profound impacts on
environmental stability, infrastructure resilience, and socio-economic security. This
research presents a systematic field-based assessment of subsidence manifestations across
the Hashtgerd, Eshtehard, and Karaj plains in Alborz Province, based on extensive surveys
conducted in spring and summer of 2025. Diagnostic indicators, including extensional and
compressional ground fissures, localized structural deformations, wellhead displacements,
large-scale surface cracks, and variations in groundwater levels, were systematically
documented. The Hashtgerd plain, particularly the Saeidabad, Sepehr, and Najmabad
areas, exhibited the highest density of subsidence evidence, including progressive surface
settlement, widespread fissuring, and instability of near-surface strata. In the Eshtehard
plain, structural cracking in school buildings, ground ruptures adjacent to transmission
towers, and retaining wall failures were frequently observed. Deep surface fissures were
also identified in the Fathabad region, which is located between Eshtehard and Buin Zahra.
In contrast, despite significant groundwater withdrawal, field surveys in parts of the Karaj
plain revealed no pronounced subsidence indicators. The findings highlight a strong spatial
correlation between the severity of subsidence and geological heterogeneity and
unregulated groundwater exploitation.The absence of smart metering systems in wells also
contributed to this issue. This study underscores the urgent need for integrated monitoring
frameworks, adaptive management strategies, and the application of advanced remote
sensing technologies to mitigate and control the expansion of land subsidence in Alborz
Province.

Introduction

This research presents a systematic field-based
assessment of subsidence manifestations across the

Land subsidence is a complex geotechnical hazard
with profound impacts on environmental stability,
infrastructure resilience and socio-economic security.
This study takes a comprehensive approach,
integrating field evidence from direct observations and
data collection with consultations with local residents,
and correlating this with analytical data. The aim is to
provide a precise and well-documented picture of the
land subsidence situation in Alborz Province.
Furthermore, the study emphasizes the critical
importance of integrated, interdisciplinary monitoring
programmes, highlighting the role of field evidence in
validating and refining numerical models for
subsidence analysis. Ultimately, this research aims to
provide tangible evidence of subsidence occurrence,
thereby laying the groundwork for the design of
management strategies, early warning systems, and
risk mitigation measures in Alborz Province.

Results and Discussion

Hashtgerd, Eshtehard, and Karaj plains in Alborz
Province, This assessment is based on extensive
surveys conducted during spring and summer 2025.
Diagnostic indicators, including extensional and
compressional ground fissures, localised structural
deformations, wellhead displacements, large-scale
surface cracks and variations in groundwater levels,
were systematically documented. The Hashtgerd plain,
particularly the Saeidabad, Sepehr and Najmabad
areas, exhibited the highest density of subsidence
evidence, including progressive surface settlement,
widespread fissuring and instability of near-surface
strata. In the Eshtehard plain, structural cracking in
school buildings, ground ruptures adjacent to
transmission towers and retaining wall failures were
frequently observed. Deep surface fissures were also
identified in the Fathabad region, which is located
between Eshtehard and Buin Zahra. In contrast,
despite significant groundwater withdrawal, field
surveys in parts of the Karaj plain revealed no
pronounced subsidence indicators. The findings
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highlight a strong spatial correlation between the
severity of subsidence, geological heterogeneity and
unregulated groundwater exploitation. The absence of
smart metering systems in wells also contributes to this
correlation. This study emphasizes the urgent need for
integrated  monitoring  frameworks,  adaptive
management strategies and advanced remote sensing
technologies to mitigate and control the expansion of
land subsidence in Alborz Province.

Conclusions
The significant decline in groundwater levels in
Alborz Province is a critical environmental issue
requiring urgent attention. If the current rate of
extraction from groundwater aquifers continues, these
reserves risk becoming irreversibly depleted, which
would drastically diminish their storage potential and
potentially cause damage to surface structures. While
this study has focused on documenting field evidence,
subsequent research will involve a comprehensive
analysis of groundwater conditions, soil layer
properties and localized subsidence magnitudes,
utilising laboratory data, numerical modelling and
radar interferometry (InSAR) results. The Kkey
conclusions derived from this initial stage of the
investigation are as follows:
1. Field investigations confirm that there are
numerous manifestations of active land subsidence
across Alborz Province. Evidence such as cracks in
older buildings, casing uplift and extensive ground
fissures all point to a high rate of land subsidence
in the area.
2. Cumulative subsidence for the period 2023—
2024 was quantified using radar interferometry,
and a corresponding map was generated for the
province. This map shows a clear link between
areas with high subsidence rates and locations
where field evidence has been observed.

Specifically, Sepehr Industrial Town and
Tankaman Village, where field surveys identified
the most frequent sand boils, were also found to
have the highest subsidence values by InSAR.
Similarly, the Mehrshahr area, which is known for
its building cracks, exhibits a high subsidence rate.
These correlations suggest that subsidence is the
primary mechanism behind these surface features.
3. Although cracks are evident in older, non-
engineered buildings, significant cracking or
differential settlement in modern, engineered
structures is  rare.  Furthermore, critical
infrastructure networks in the province have not
sustained any significant damage and appear to
have been largely unaffected by subsidence thus
far.
4. The development of deep ground fissures in the
Fathabad area (between Eshtehard and Buin Zahra)
may be attributed to subsidence, loss of soil
moisture, or a combination of various geotechnical
mechanisms potentially involving dispersive and
erodible soils.
5. Several sinkholes and ground fissures have
occurred in close proximity to concrete electricity
pylons in the Eshtehard region, posing a serious
potential hazard to this infrastructure.
Future work should include extended InSAR
monitoring to measure subsidence rates across
different parts of Alborz Province over a longer
temporal scale. A detailed investigation into the
geotechnical properties of subsurface layers, based on
borehole data collected throughout the province, is
also recommended.Finally, the hydrodynamic
characteristics of the aquifer should be thoroughly
evaluated using data from water wells and
pumping tests.
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Table 1. Geographical location of some of the visited locations
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