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The persistent drought conditions and the increasing reliance on
groundwater resources over the past decades have significantly
expanded the areas affected by land subsidence across various regions
of the country, leading to substantial damage. To mitigate the impacts
of subsidence, a comprehensive and precise understanding of this
phenomenon is essential. In recent decades, the Synthetic Aperture
Radar (SAR) interferometric technique has emerged as a widely used
method for measuring subsidence. This study utilizes field data,

2024/09/28 including piezometric wells, groundwater level fluctuations during
Accepted minimum and maximum periods, and exploitation wells, to calculate
2024/10/12 aquifer discharge rates using Inverse Distance Weighting (IDW)
Published interpolation. The aim is to analyze the time series of subsidence in the
2024110115 Esfarayen plain. Additionally, radar data from Sentinel-1 images were

Published online

employed to estimate the subsidence rate during the first eight months
of 2023. The findings reveal that subsidence in the study area ranged

2025/09/23 from 1 to 12 mm over the eight-month period, with 75.2% of the basin

area classified as medium to highly critical. This indicates that the

Esfarayen plain is in a critical state. The highest levels of water
Esefay‘:‘;‘;’gf extraction and subsidence were observed in the southern regions of
radar, Sankhasat, Kharasha, Arg, Gazan, Jafarabad Kharaba, and Mehdiabad
Interpolation, of Kal Beko wells, all of which fall within the highly critical zone.
gﬁgts'iréee'r’me. These areas require efficient groundwater management strategies to

control and mitigate land subsidence.
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Introduction

The rapid growth of population and industrial development has led to a significant increase
in the extraction and utilization of groundwater resources. This excessive withdrawal of
groundwater has, in turn, triggered land subsidence in many regions. Geological and
hydrogeological factors play a critical role in the occurrence of land subsidence, particularly
when groundwater extraction is not managed sustainably. Subsidence typically results from
the mining or dissolution of subsurface materials, as well as the extraction of fluids from the

ground, which can be driven by both natural and anthropogenic factors. Given the

significance of this issue, and in light of the official reports from the North Khorasan
Meteorological Department, approximately 59% of the 2.8 million hectares in this
northeastern province are affected by drought. According to the Standardized Precipitation
Index (SPI) over the 10-year period ending in March of last year, more than half of the
province's area is experiencing drought conditions. Specifically, 13.1% of the province is
under severe drought, 13.9% under extreme drought, 16.1% under moderate drought, and
15.6% under mild drought. Among the eight counties in this region, Maneh and Samalghan,
which are key agricultural hubs, are the most severely affected by drought. Following these,
the counties of Esfarayen, Raz, and Jarglan have also been significantly impacted.

Material and Methods

The study began by delineating the boundary of the Esfarayen plain basin using Google Earth
software and 1:50,000 scale topographic maps. Contour lines and the drainage system were
digitized using ArcGIS software, and topographic features such as elevation levels and slope
gradients were extracted. Geological information for the region was obtained from 1:100,000
scale geological maps of Shirvan, Safiabad, Bojnord, Joghatai, Sankhasat, and Forumad.

This research combines analytical techniques and field surveys as its primary methodological
components. Ground data, including piezometric wells and groundwater level decline, were
analyzed using Inverse Distance Weighting (IDW) interpolation. Additionally, radar data
from Sentinel-1 images were processed using SNAP software to calculate the subsidence
rate during the first eight months of 2023. The results were subsequently validated through
field surveys to ensure accuracy and reliability.

Results and Discussion

Using piezometric data from the periods 2018-2019, 2019-2020, 2020-2021, 20212022,
2022-2023, and 2018-2023, the groundwater level and its decline were evaluated using the
Inverse Distance Weighting (IDW) method. The resulting maps indicate that the piezometric
wells of Shorb 4 Borj, south of Zargabad, Kalateh Shur, East 1zi, northwest of Stin, and East
Toy, as well as the wells of Sorkh Tapeh, Kalateh Karbalai Hossein, and south of Qamiteh,
exhibit the lowest groundwater levels. This suggests that the groundwater level is
significantly higher in the northern, central, and southeastern parts of the basin. The presence

of karst limestone formations, permeable sandstones in the Binalud zone, and alluvial, fan,
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and Quaternary foothill deposits, along with numerous faults in the northern region,
contribute to the enrichment of the groundwater table. However, excessive extraction in
these areas has led to a decline in water levels. Similarly, the central and southeastern parts
of the basin, characterized by loose, porous, and permeable sediments, show high
groundwater level anomalies. To further analyze groundwater loss, the Change Detection

tool in ArcGIS Pro software was used to calculate and map the decline in groundwater levels
for the years 2017-2018, 2018-2019, 20192020, 20202021, 2021-2022, 2022-2023, and
the cumulative period of 2018-2023. The results reveal a consistent decline in groundwater
levels over these years. The piezometric wells south of Arg, south of Khorasha, south of
Gazan, north of Abbas Abad, and the exploratory wells of Qasem Abad experienced the
highest groundwater declines during 2018-2023, with values of -3.5, -3.2, -3.07, -2.985, and
-2.65 meters, respectively. These significant declines are likely contributing to land
subsidence in the region. Subsidence rates were estimated using SNAP software. The

analysis focused on the first four months and the subsequent four months of 2023, followed
by calculating the overall subsidence growth rate over the eight-month period. This was
achieved by summing the two outputs (from the first and second four-month periods) and
then multiplying by 8 to derive the final subsidence growth rate and its spatial distribution.

Conclusion

This study determined that the subsidence rate in the Esfarayen plain ranged from 1 to 12
mm over an eight-month period, as calculated using SNAP software. Subsidence zoning
revealed that 26.45% of the basin falls within the "high critical" zone (5 to 12 mm), and when
combined with the "medium critical" areas, a total of 75.2% of the basin is classified as
critical. This indicates that the Esfarayen Plain is in a critical state regarding land subsidence.

The highest levels of groundwater extraction were observed in the southern regions of
Sankhasat, Khorasha, Arg, Gazan, Jafarabad Kharaba, and Mehdiabad Kal Beko, all of
which are located in the "very critical” zone. Wells in the "medium critical" zone include
Kalate Shur, Imamzade Abdullah, Hassan Abad, and south of Koboterkhane, while those in
the "slightly critical" zone include Seyed Abad, Firoz Abad, south of Kashtargah, north of
Abbas Abad, Sarmaran, and Khosh. Additionally, several villages, including Firouzeh,

Hossein Abad, Kalate Hori, Kalate Musa Al-Reza, Kalate Yusuf, Darband, Tawakkel,
Kemer Boland, Gazan, Kazaki, and Arak, are situated in the "very critical" zone, where
subsidence poses significant risks to residents. Villages such as Haji Abad, Kalate
Alimardan, Mehdi Abad, Kalate Sardari, Tokal Abad, Do Shah, and Ali Abad are in the
"medium critical” zone and are also vulnerable to subsidence. Although villages like Dehak,
Zari, Mehrabad, Rizk-Abad, Kruzhdeh, Ajghan, Kasreq, Sarmaran, and Jafar-Abad are in
the "slightly critical” zone, excessive groundwater extraction could accelerate subsidence in
these areas as well. Given the importance of controlling land subsidence, efficient

management of groundwater resources in the region is urgently needed. To mitigate
subsidence, it is essential to implement measures such as changing cultivation patterns,
modernizing traditional irrigation systems, adopting advanced irrigation technologies, and
artificially recharging the groundwater table. These steps are crucial to preventing further
subsidence or at least minimizing its rate of acceleration.
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