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ABSTRACT

Land subsidence is considered one of the most significant
Received: 06 April 2025 geomorphological hazards in arid and semi-arid regions, threatening groundwater resources,
Reviewed: 17 May 2025 urban infrastructure, and agricultural lands for decades. In Iran, unregulated urban expansion
Revised: 27 June 2025 and excessive groundwater extraction have intensified this phenomenon in major cities such
Accepted: 26 October 2025 as Tehran, Mashhad, Isfahan, and Shiraz. In particular, the eastern areas of Shiraz,

characterized by alluvial soils, high building density, and sharp declines in groundwater levels,
have become one of the primary hotspots of subsidence in southern Iran. Given the high

KEYWORDS: potential of Sentinel-1 radar data for analyzing land deformation and the effectiveness of
Subsidence DINSAR in rapid monitoring, this study aims to analyze the spatiotemporal patterns of land
Radar data subsidence in eastern Shiraz, investigate natural and anthropogenic contributing factors, and
Interferogram propose solutions for risk mitigation and support of sustainable urban development.

This study employed 24 Sentinel-1A SAR images (IW mode, VV polarization) from
2015 to 2025. Processing was conducted in SNAP software. Orbital corrections were applied

* Corresponding author using POD files, followed by radiometric calibration to extract Sigma® values. A 7x7 Lee filter
= a_sharifii@sbu.ac.ir was used to reduce speckle noise. Fifteen image pairs with temporal baselines less than 365
@ (+9821) 73932477 days and perpendicular baselines below 150 meters were selected to generate

interferograms. Phase unwrapping was performed using the SNAPHU algorithm with the
Minimum Cost Flow (MCF) method. To minimize atmospheric effects, image pairs with similar
humidity were chosen, and additional filtering included the Goldstein filter, topographic
masking, and variogram analysis. The final phase data were analyzed statistically using mean,
skewness, and kurtosis, as well as spatially through Moran’s |. Multiple regression analysis
was also conducted to evaluate the influence of groundwater extraction, soil type, building
density, and slope on the observed subsidence rates.

The results showed an average subsidence rate of 18.4 mm/year with a standard
deviation of 8.2 mm. Three main subsidence hotspots with rates of 25-45 mm/year were
identified in the north, center, and south of the study area. Statistical analysis indicated a
positively skewed distribution (1.23) with a kurtosis of 2.87. Multivariate regression analysis
showed that groundwater extraction (B = 0.78, p < 0.001) was the most influential factor. Soil
type (clay), building density, and slope also had significant effects, with positive and negative
contributions. Moran’s, | test confirmed a clustered spatial pattern of subsidence (I = 0.742).
DInSAR proved to be an effective and relatively accurate tool for monitoring land
subsidence, especially in regions with limited in-situ data. This study underscores the
significant role of human activities in exacerbating land subsidence and highlights the need
for continuous monitoring, smart supervisory systems, and a reassessment of urban
development patterns. Suggested future directions include developing machine learning
models with Sentinel-1 data, integrating GNSS observations to enhance accuracy, and
conducting land use change analysis using Landsat and Sentinel-2 imagery. The main
limitations of the study were the lack of up-to-date groundwater level data and the temporal
sparsity of some satellite images.
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Table 1: Detailed Parameters of DInSAR Processing

Step Settings

Lee Filter, 7x7
SRTM 1Sec (30 m)
SNAPHU — Minimum Cost Flow
0.3

Noise Filtering
DEM
Unwrapping Method
Coherence Threshold

Interferogram Type Differential, Master—Slave Pairs

Slave
images

Master
images

Coregister images

Generate interferogram

Generate coherence

Pixel removal

Filter phase noise

Phase unwrapping

Generate subsidence map

SIS g,y ) S

Fig. 1: Overall Research Workflow
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Table 2: Descriptive Statistics of Subsidence Rate (mm/year)
Statistical Index Value
Mean 18.4+8.2
Median 16.7
Mode 12.3
Range 2.1-47.8
Skewness 1.23
Kurtosis 2.87
Coefficient of Variation 44.6%
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Fig. 6: Subsidence Rate Map in the Eastern Regions of Shiraz
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Table 3: Regression Coefficients of Factors Affecting Land Subsidence

B

Standard

Variable Coefficient Error R? p-value t-value
Groundwater 0.78 012 645 <0001 061
Extraction
Soil Type (Clay) 0.34 0.08 4.23 <0.01 0.18
Building Density 0.28 0.09 3.11 <0.05 0.12
Slope -0.19 0.06 -3.17 <0.05 0.08
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