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Article Info ABSTRACT

érticle ;yget:_ | Objective: Land subsidence is one of the serious geomorphological challenges that has
esearch Article o . . . )
significant adverse effects on agriculture, urban infrastructure, and the environment. This

study analyzes land subsidence in the Dehgolan Plain, located in the eastern part of
Kurdistan Province, covering an area of 50,083 hectares.
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2025 extraction on surface deformation. To analyze this phenomenon, 15 satellite images from

evident impacts of land subsidence in the Dehgolan Plain highlight the necessity of

Sentinel-2 and Landsat 8 were used to calculate the Normalized Difference Vegetation
Index (NDVI) and determine the optimal time frame for processing Sentinel-1 data.
Accordingly, 8 Sentinel-1 images from 2014 to 2021 were acquired, processed, and

SKl\el),;\VI\:I’MdS: analyzed using the SNAP software. To investigate land-use changes during the period
Grounawater, 2000-2021, three images from Landsat 7 and Landsat 8 were utilized. After conducting
Radar Interferometry, radiometric and atmospheric corrections, land-use maps were extracted using supervised

Dehgolan Plain,

Land Subsidence, . . . .
Land Use. Results: The results indicate that over eight years, the Dehgolan Plain has experienced a

classification in ArcGIS.

total subsidence of 480 mm, averaging 60 mm per year. The analysis of land-use changes
revealed a 6.98% increase in irrigated agricultural lands and a 1.47% increase in urban
areas, while rangelands, forests, and rainfed farmlands have declined. Groundwater depth
analysis in 2000 showed that the deepest levels were associated with rainfed lands (18.47
meters), whereas the shallowest levels were recorded in irrigated agricultural areas (7.9
meters). However, in 2021, the groundwater depth in irrigated farmlands increased
significantly to 50.24 meters.

Conclusions: These findings clearly demonstrate that subsidence primarily occurs in
irrigated agricultural and urban areas and has a direct correlation with increased
groundwater extraction. Ultimately, the results emphasize the necessity of sustainable
water resource management and land-use regulation to mitigate the negative impacts of
land subsidence.
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EXTENDED ABSTRACT

Introduction

Land use changes, which result from the interaction between humans and the environment,
have become one of the main factors altering natural processes. These changes, particularly
with the expansion of urbanization and the development of irrigated agricultural lands, lead to
deforestation, soil erosion, loss of biodiversity, damage to water resources, and land
subsidence (Binat et al., 1997). Land subsidence, which refers to the gradual and horizontal
sinking of the Earth's surface, can occur due to natural causes such as earthquakes and
volcanic activity, or more predominantly as a result of excessive groundwater extraction
(Hiwan et al., 2016). These phenomena, particularly near human activities, pose a serious
threat to infrastructure and, if not properly planned for, can lead to widespread disasters
(Sharifi-Kia et al., 2005). Recent reports indicate the negative impacts of land subsidence in
Iran on structures and infrastructure, such as buildings, airports, bridges, and roads (Sharifi-
Kia et al., 2013). Particularly in the plains of Iran, the decline in groundwater levels and land
use changes have caused significant subsidence. Notable studies, such as the research by
Sarskanroud et al. (2022) conducted in the Pakdasht plain, have addressed the impact of
groundwater levels and land use changes on subsidence. In this study, subsidence was
reported to be 10 cm in agricultural lands and 9 cm in pasturelands. Similar studies in various
plains across Iran and the world emphasize the direct correlation between groundwater
depletion, land use changes, and subsidence (Feizizadeh et al., 1999; Rajabi et al., 2021). The
objective of the present study is to calculate the rate and spatial distribution of land
subsidence in the Dehgolan plain using INSAR (Interferometric Synthetic Aperture Radar)
technique over the period from 2014 to 2021, as well as to investigate land use changes in the
Dehgolan plain over a 22-year period (2000-2021). Additionally, the relationship between
land use changes in the plain and subsidence, and their impacts on groundwater levels, will be
examined in this study. Finally, in order to validate the results, field visits will be conducted,
and the locations of subsidence points will be compared with the zoned maps.

Methods

In this study, to prepare the land use map of the Dehgolan plain over a 22-year period (2000-
2021), two Landsat 7 ETM+ images from 2000 and one Landsat 8 OLI satellite image from
2021 were utilized. These images were obtained from the USGS (United States Geological
Survey) Earth Observation Data Portal. Additionally, twelve Sentinel-2 images from the years
2016 to 2021, and two Landsat 8 images from the years 2014 and 2015, were used to extract
the NDVI (Normalized Difference Vegetation Index). Finally, to calculate the rate of land
subsidence, eight Sentinel-1 images from the years 2014 to 2021 were acquired from the
relevant online portal. To assess the relationship between groundwater levels, land use
changes, and the subsidence phenomenon in the Dehgolan plain, groundwater level data (from
piezometric wells) for a 28-year period were obtained from the Kurdistan Provincial Water
Affairs Department. The relationship between these variables was analyzed and examined.
Tables 1, 2, and 3 present the specifications of the images used in this study.

Results

In this study, the NDVI index maps for Dehgolan Plain were prepared using Landsat 8 and
Sentinel-2 images covering the period from 2000 to 2021. These images were selected to
evaluate vegetation coverage and ensure proper timing for Sentinel-1 image selection.
Atmospheric corrections were applied to both Sentinel-2 and Landsat data, and the differential
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INSAR technique was utilized to calculate subsidence rates using eight descending Sentinel-1
images from 2014 to 2021. For land use classification, a supervised classification method was
employed in ARCGIS software, resulting in a Kappa coefficient of 0.95, indicating high
accuracy. Field observations, reports, and ground truth data were used to refine the land use
classification and verify the results. The land use map identified eight distinct classes,
including agricultural, residential, and road networks. Additionally, groundwater level data
over a 28-year period, obtained from the Kurdistan Water Affairs Organization, was analyzed
to explore the relationship between groundwater levels, land use changes, and subsidence in
the region. Finally, field visits were conducted to identify areas affected by subsidence, and
the locations of these subsidence points were cross-checked with the zoned map using GPS
and Google Earth software. Reports and interviews from local authorities were also used to
support the findings.

Conclusion

This study investigates the relationship between land use changes, groundwater levels, and
land subsidence in the Dehgolan Plain over a 22-year period. The results indicate a direct
correlation between the increase in irrigated and residential lands and the higher groundwater
extraction, which subsequently intensifies land subsidence. Conversely, the reduction in
rangeland, forest, and rainfed agricultural areas has led to significant changes in land use
within the plain. Radar interferometry analysis revealed that 21.8% of the region is at high
risk of subsidence, with the highest subsidence observed in the western, southern, and central
parts of the area. In contrast, the eastern, northeastern, and southeastern margins of the plain
exhibit lower subsidence risk. Furthermore, the relationship between land use changes and
groundwater depth revealed that the expansion of irrigated lands directly contributes to
increased groundwater extraction and a subsequent decline in groundwater levels across
different land uses. The greatest groundwater depth in 2021 was observed in irrigated areas,
coinciding with the highest subsidence rates in these regions. A significant increase in
groundwater depth was also observed in residential areas, reflecting the impact of urban
expansion and increased water demand. By comparing these findings with previous studies,
the research confirms that there is a meaningful relationship between land use changes and
subsidence in the Dehgolan Plain. Moreover, factors such as rapid population growth,
uncontrolled urban development, and excessive groundwater extraction have contributed to
the intensification of this phenomenon. In conclusion, the results emphasize that without
appropriate control policies, the ongoing subsidence in the Dehgolan Plain may continue,
leading to further environmental and infrastructural damage.
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