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EEREILIEREL el JEEITTE The phenomenon of ground surface displacement—

particularly subsidence and horizontal movement—is one of the most significant
environmental and geotechnical threats in many regions of the world, including Iran.
Therefore, accurate monitoring and measurement of these displacements are of great
importance. In recent years, the application of remote sensing technologies such as radar
interferometry (INSAR) and offset tracking has made remarkable progress. Additionally,
optical imagery and UAV (drone) data have enabled the reconstruction of 3D models and
the extraction of surface deformation patterns. However, most previous studies have
utilized only one of these techniques, and few have focused on integrating radar and optical
data. Accordingly, the main objective of this study is to conduct a comprehensive
investigation of ground displacement fields through the integration of radar and optical
imagery.

Five villages-Bolbol, Joko, Tazehkand Nasirpour, Bali Qaya, and Lalehzar, located
in the southeastern region of Maragheh County, were selected as study areas to allow the
assessment of displacement behavior across different land types (residential/urban and
flat/rural areas). Ground displacement was analyzed using two distinct approaches: vertical
displacement (subsidence/uplift) and horizontal displacement. The analyses were based on
average deformation values within the two major land categories. Three complementary
techniques were employed: radar interferometry (InSAR), offset tracking, and optical
photogrammetry using 3D model reconstruction. In the interferometry technique, seven
Sentinel-1 radar images with approximately three-month intervals were collected and
processed. Similarly, seven radar images were processed for offset tracking, resulting in a
total of twelve radar-based analyses. Furthermore, four series of drone images (Mavic 3)
were captured and processed at approximately four-month intervals.

In the vertical displacement analysis, the greatest subsidence occurred in Lalehzar
Village, where ground elevation decreased by approximately 13—15 cm in residential/urban
areas and 12—14 cm in flat terrains. This level of subsidence is likely related to excessive
groundwater extraction and the unique geological conditions of the region. Conversely, the
lowest subsidence was recorded in Bali Qaya Village, with changes of about 2-3 cm in
residential areas and around 7 cm in flat regions. Regarding horizontal displacement, the
highest value was observed in Bolbol Village, with movements of about 5-6 mm in flat
terrains and 1.8-2.1 mm in residential areas. The lowest horizontal displacement was found
in Bali Qaya Village, where horizontal shifts were less than 1.5 mm in residential areas and
about 4 mm in flat terrains.
Overall comparison between the methods indicates that, although the
displacement trends observed by both approaches are nearly identical—and both
successfully identify the same regions with maximum and minimum displacement—the
numerical values differ slightly in some cases. These discrepancies can be attributed to each
method’s sensitivity to different displacement types (vertical or horizontal), imaging
conditions, and processing algorithms. In general, the combined use of radar and optical
approaches provides a more comprehensive understanding of surface deformation
patterns and significantly enhances the accuracy of decision-making in resource
management, subsidence monitoring, and urban planning.
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Fig. 7: The exact location of the study area on the map
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Table 1: Radar image data collected for interferometry technique
rya o)leds &b e e Ol s S e ojlels
Image number Date Format Mode Polarization  Direction of path Orbit number
1 1402/07/08 SLC IW-1 wW Descending 79
2 1402/10/02 SLC IW-1 v Descending 79
3 1402/12/26 SLC IW-1 W Descending 79
4 1403/03/31 SLC IW-1 A% Descending 79
5 1403/06/22 SLC IW-1 A% Descending 79
6 1403/10/09 SLC IW-1 ‘A% Descending 79
7 1404/01/15 SLC IW-1 \Y% Descending 79
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Table 2: Radar image data collected for the deviation tracking technique
e o)leds &b e e Ol B Sl 0,les
Image number Date Format Mode Polarization  Direction of path Orbit number
1 1402/06/27 GRD IW-1 HH Descending 79
2 1402/09/30 GRD IW-1 HH Descending 79
3 1403/01/05 GRD IW-1 HH Descending 79
4 1403/04/11 GRD IW-1 HH Descending 79
5 1403/07/19 GRD IW-1 HH Descending 79
6 1403/10/25 GRD IW-1 HH Descending 79
7 1404/01/15 GRD IW-1 HH Descending 79
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Fig. 8: A: Obtained displacement map (First Process). B: An example of a planar displacement image obtained in tiff format (one process, two villages of Bali Qaya and
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Table 3: Flight information in 1402/10
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Case 5,90

9,802 Images
119 m
3.45 cm/pixel
12.6 km
3,790 stations
12,879,018 Points
40,293,082
1.18 pixel
Test Pro (10.26mm)
5472 x 3648 Pixels
10.26 mm
2.41 x 2.41Micrometre
Total: 7.22 m
61 Points
Total: 5.53 cm

Number of images ,; glas slass
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Camera focal length (1,50 S5 (s alold

Camera sensor pixel Size ‘yu ;90 jgacow S (5 0l
Camera positioning error 0,98 obcasdge sl

ground control points e J 8 blas slasy

Average control point error (RMSE) .Sl J S bl glas
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Fig. 9: Example of location and density of ground control points
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Table 3: Average regional subsidence in flat and urban areas using radar interferometry techniques
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Table 3: Average area Horizontal displacement in flat and urban textures using the Offset tracking method
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Table 6: Subsidence rate in flat and urban textures using optical images and 3D transformation techniques
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Table 7: The amount of regional horizontal displacement in flat and urban textures using optical images and 3D transformation techniques
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