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In recent times, the increasing occurrence of subsidence has raised
concerns, particularly in Iran's plains, urban regions, and transportation
infrastructure. This study focuses on understanding how this
phenomenon affects the Mashhad-Sarkhs railway, since it is located on
the eastern end of Iran's rail network and serves as a vital rail link
connecting to Central Asian nations, which are important trade
partners. To assess the rate of subsidence along this route, we
processed 151 radar images between 2017 and 2023, utilizing the new
NSBAS algorithm and pre-processed data from COMET LiCSAR, to
calculate the cumulative rate of land subsidence. Additionally, to
reduce atmospheric effects on subsidence rate estimation, GACOS data
was used. Following this, we created a land cover map of the study
area with four land use classes using the Google Earth Engine to
investigate the effects of land cover variations on subsidence. Finally,
we generated a subsidence profile around the railroad and combined it
with land use classes to visualize the correlation between croplands and
subsidence occurrence in affected areas. INSAR results show three land
subsidence zones along the rail line, with some areas experiencing
subsidence exceeding 200 mm along the satellite line of sight. The
results indicate a strong correlation between subsidence along the
railway and farming within the rail corridor. Conversely, there were
almost no signs of land subsidence outside the plains due to the
absence of concentrated agricultural activities. In this study, the first 60
kilometers of the railroad, which contains more than 20 bridges, was
identified as the most concerning subsidence zone along the rail line.
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Extended Abstract

Introduction

Land subsidence, an environmental and geological phenomenon, arises from
groundwater depletion and soil compaction due to human and natural factors,
particularly in arid and semi-arid regions. In lIran, like many developing countries,
excessive groundwater extraction to meet growing industrial, urban, and agricultural
demands has a long history, exacerbating subsidence in eastern and central plains such
as Mashhad, Neyshabur, and Jovin, worsened by recurring droughts. This phenomenon
poses significant risks to infrastructure, including high-speed railways, roads, tunnels,
and bridges, threatening economic development and safety due to potential human and
financial losses. The Mashhad-Sarakhs railway, a critical transit corridor in northeastern
Iran connecting to Central Asian networks, underscores the need for subsidence
monitoring given its role in transporting goods and people. Radar interferometry
(INSAR) offers a cost-effective, weather-independent method to monitor subsidence
over large areas, unlike traditional techniques like leveling or GPS, though it faces
challenges from topographic, atmospheric, and orbital errors. Advanced InSAR
techniques, such as small baseline and permanent scatterer methods, enhance accuracy
by reducing noise and improving coherence, while newer algorithms address gaps in
data networks, especially in agricultural zones. This study investigates subsidence along
the Mashhad-Sarakhs railway using modern InSAR approaches, aiming to identify
high-risk zones in this vital infrastructure corridor.

Material and Methods

The Mashhad-Sarakhs railway, approximately 195 km long with about 5 km extending
beyond Iran’s borders, is located in the northeasternmost part of the country between
59°38’ and 61°14’ east longitude and 36°1’ to 36°33’ north latitude. Operational since
1996, three years after project initiation, this route features three tunnels totaling around
6 km and includes 18 stations, 15 large bridges, and 386 medium to small bridges along
its 2,700 m of bridge structures.

This study analyzed pre-processed Sentinel-1 radar imagery spanning January 2017 to
2023, covering a broad spatial area with interferograms and coherence data limited by
perpendicular and temporal baselines of 200 meters and 50 days. The dataset was
customized to the study region by masking irrelevant areas, and atmospheric effects
were corrected using an external dataset to reduce noise that could obscure surface
changes. Interferogram quality was assessed, discarding those with coherence below 0.3
due to snow, dense vegetation, or other disruptions, while unwrapping errors were
detected and eliminated through a closed-loop phase method, removing interferograms
exceeding an RMS threshold of 1.5. Displacement rates were calculated using a small
baseline approach, assuming linear subsidence, with a reference point selected for
minimal error. The standard deviation of rates was determined via repeated sampling to
ensure reliability, and pixels exceeding noise thresholds were filtered out. To
investigate the relationship between land cover and subsidence, a 2022 land cover map
was generated using Sentinel-2 imagery at 10 x 10 m resolution with 11 classes via
Google Earth Engine, then resampled to 101 x 101 m using the nearest-neighbor
algorithm, and simplified into four classes: agricultural land, buildings, bare land, and
grassland. Spatio-temporal filters were applied to minimize residual tropospheric,
ionospheric, and orbital errors, yielding a robust time-series displacement dataset.
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Results and Discussion

To validate radar interferometry results, ground displacement data from GNSS stations
were compared with InSAR-derived time-series data at a specific point along the
Mashhad-Sarakhs railway (61.09°E, 36.32°N). The comparison revealed uplift at a rate
of less than 2 mm/year, alongside seasonal displacement patterns linked to regional
water resource variations, confirming the accuracy of INSAR outputs with ground-based
measurements. Subsidence analysis along the 3-km buffer of the railway, spanning
January 2017 to December 2022, utilized 151 refined Sentinel-1 images processed with
the NSBAS algorithm. The highest subsidence was observed in the southeastern
outskirts of Mashhad, within the first 20 km of the route, reaching 200-260 mm in the
sensor’s line of sight. Further along the path, at approximately 55 km and 190 km,
maximum subsidence values of 140 mm and 75 mm were recorded, respectively. Other
segments of the route showed negligible or no significant displacement. Agricultural
activity was prevalent from the start to the 60-km mark and again from 180 km onward,
correlating strongly with subsidence zones, particularly in the initial 0—10 km stretch
where the most substantial subsidence occurred. In contrast, the middle sections of the
route, dominated by barren land or sparse pastures, exhibited minimal agricultural
presence and correspondingly low subsidence rates, highlighting a clear link between
land use and subsidence patterns along the railway corridor.

Conclusion

This study identified three significant subsidence zones along the Mashhad-Sarakhs
railway, with the most pronounced occurring in the first 20 km (up to 200 mm) and
another between 50-60 km (up to 150 mm), linked to intensive agricultural activity and
groundwater over-extraction. Subsidence rates in southeastern Mashhad have risen from
under 15 mm/year (2003-2009) to over 40 mm/year (2017-2023), correlating with
declining groundwater levels. The initial 20-km segment, hosting 20% of the route’s
bridges, shows uneven and hazardous elevation changes, necessitating continuous
monitoring. Integrating land use and hydrological data could enhance subsidence
modeling, despite challenges from undocumented wells. Modern INSAR processing
algorithms, offering improved accuracy and ease of use, proved effective for subsidence
prediction and infrastructure risk management.
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