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Abstract: Many coastal cities around the globe have initiated construction projects in reclaimed areas 
with the objective of constructing airports and expanding air transportation services. The looseness 
of soil structures in reclaimed lands can result in deformations in infrastructure and structures above. 
It is therefore crucial to implement effective detection and monitoring procedures to identify and 
assess such deformations. In this study, 151 Sentinel-1A single-look complex (SLC) images, obtained 
between 2 December 2017 and 29 January 2023, were employed for the purpose of detecting 
reclamation-induced ground deformation at Hatay Airport using persistent scatterer interferometry 
(PSI), a multi-temporal interferometric synthetic aperture radar (MT-InSAR) method, through the 
Stanford Method for Persistent Scatterers (StaMPS) software. Furthermore, the atmospheric phase 
delay contributions were corrected through the implementation of the Generic Atmospheric 
Correction Online Service for InSAR (GACOS) data using the Toolbox for Reducing Atmospheric InSAR 
Noise (TRAIN). The average line-of-sight (LOS) deformation velocity across the area was determined 
to be between -6.25 mm/year and 9.02 mm/year, with fluctuations observed. The deformation trend 
observed on the northern and southern sides exhibited disparate directionalities with respect to the 
LOS. Areas exhibiting a deficiency in PS points relative to the remainder of the dataset may be 
attributed to the presence of low coherence signals. The application of StaMPS PSI for the monitoring 
of ground deformation demonstrated an overall accuracy of sub-centimeter measurements in a 
reclaimed airport area. Overall, the application of MT-InSAR techniques, particularly StaMPS PSI 
combined with GACOS corrections, enabled the robust detection and monitoring of ground 
deformation patterns with remarkable precision. This advanced approach is essential for 
maintenance planning, safety management, and risk mitigation in critical infrastructures such as 
airports. Early identification of deformation allows for timely intervention, helping to safeguard both 
structural integrity and operational continuity, thus contributing to the long-term safety and 
resilience of these strategically important facilities. 
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1. Introduction 

Many coastal communities globally continue to engage in land reclamation efforts due 

to insufficient room for their expanding populations. In many cases, these projects require 

extensive modification of existing terrain, and the areas selected for reclamation often 

include former agricultural fields, shallow coastal flats, and occasionally the beds of rivers or 

lakes (Martín Antón et al., 2016). Although such interventions provide additional land for 

urban expansion and infrastructure development, they also introduce a set of geotechnical 

difficulties that are not always straightforward to manage. Reclaimed ground may experience 

uneven consolidation due to differences in material composition, groundwater conditions, or 

the methods used during filling. This can cause subsidence, cracking, or other types of 

instability over time (Shi et al., 2023). The importance of these challenges becomes 

particularly evident in regions where critical infrastructure relies on the reliability of the 
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ground conditions. Airports constructed on reclaimed land exhibit an increased sensitivity 

to these conditions, as the stability of their pavements, runways, and structural facilities 

relies on consistent and dependable ground behavior to ensure smooth and uninterrupted 

operations. Consequently, establishing a reliable and ongoing system for monitoring 

deformation is of utmost importance. Identifying even minor changes at an early stage is 

crucial for ensuring operational safety. This proactive strategy helps to reduce potential risks 

and improve the long-term resilience and reliability of airport infrastructure (Bao et al., 

2022).  

Despite the high precision provided by traditional ground deformation monitoring 

techniques, their implementation necessitates a considerable investment of labor, can 

require an extended period of time, and is constrained by low coverage capability for the 

identification of surface deformation at large scales (Buzzanga et al., 2020). Synthetic 

aperture radar (SAR) technology has been in extensive use for several decades as an effective 

tool for generating three-dimensional (3D) models of the Earth and monitoring surface 

deformation with a high degree of precision, down to a few centimeters. Based on 

interpreting phase differences between consecutive SAR images, interferometric synthetic 

aperture radar (InSAR) has become an invaluable method in this regard (Lu et al., 2007; 

Sefercik, 2013; Biggs & Wright, 2020; Sefercik et al., 2020). Additionally, the differential 

InSAR (DInSAR) technique employs InSAR technology to derive ground displacement within 

the radar line-of-sight (LOS) direction by analyzing phase differences between SAR data 

acquired at different times and from varying orbiting platforms (Pepe et al., 2016). DInSAR 

method is extensively employed in studies concerning analysis of ground displacements 

resulting from natural disasters such as earthquakes (Doğanalp et al., 2024; Karca & Erten, 

2023). To address the inherent constraints of the DInSAR methodology, including 

decorrelation, sensitivity to atmospheric fluctuations, and alterations in orbital paths, the 

multi-temporal InSAR (MT-InSAR) methodology was proposed as a solution for monitoring 

ground deformation across diverse timeframes (Massonnet & Feigl, 1998; Hooper, 2008; 

Cigna et al., 2011).  

A MT-InSAR method, known as persistent scatterer interferometry (PSI), was devised 

for monitoring ground displacements with sub-centimeter accuracy through the use of 

highly coherent persistent scatterer (PS) targets (Ferretti et al., 2001; Ferretti et al., 2000). 

The Stanford Method for Persistent Scatterers (StaMPS) technique was developed as a means 

of enhancing the detection capability of PSI for low-amplitude observation points (Hooper et 

al., 2004). In addition to solely utilizing PS points, there are approaches that integrate both 

PS and distributed scatterer (DS) points to maximize the ground deformation detecting 

capabilities of StaMPS (Zhao et al., 2019). The small baseline subset (SBAS) method is 

another MT-InSAR technique that utilizes SAR images with minimal baselines, employing 

singular value decomposition (SVD) to enhance spatial correlation and temporal sampling 

rate (Berardino et al., 2002). Initially developed for detecting large-scale deformations, SBAS 

has been enhanced by including both multilook and single-look datasets to evaluate the 

temporal progression of deformation patterns at localized sizes (Lanari et al., 2004). 

Moreover, a number of methodologies have been proposed to address the issue of 

atmospheric phase delay error. One such methodology is the recently introduced Generic 

Atmospheric Correction Online Service for InSAR (GACOS), which employs a tropospheric 

decomposition (ITD) model based on iterations (Yu et al., 2017a; Yu et al., 2017b; Yu et al., 

2018).  

In this study, the reclamation-induced ground deformation at Hatay Airport was 

detected by the utilization of StaMPS PSI with 151 Sentinel 1A single look complex (SLC) 

images, obtained between 2 December 2017 and 29 January 2023. This dataset offers a 

sufficiently detailed temporal record that allows for the examination of long-term 

deformation patterns related to reclaimed ground. The extensive array of acquisitions 

enables consistent tracking of variations in surface motion. Furthermore, the impact of 
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atmospheric phase delay was assessed, and appropriate corrections were made using GACOS 

to guarantee that the final phase estimates accurately represented actual ground motion. 

2. Study Area and Dataset 

The Hatay Airport is located in the northeastern region of Antakya, Hatay Province, 

Türkiye, at 36°21'46.0"N and 36°16'56.0"E. Moreover, the airport is located 25 km from the 

city center and comprises a total terminal area of 46826 m2. The airport is equipped with a 

single concrete runway, designated as 04/22, which measures 3000 m x 45 m. The airport 

was built over an area measuring approximately 2.70 km2 on the site of the now-drained 

Lake Amik basin. The current land cover of the region surrounding the airport comprises 

agricultural areas, urban zones, and roadways, with the majority consisting of crop fields and 

rural settlements. The official inauguration of Hatay Airport was in 2007. The Hatay Airport 

area is illustrated in Figure 1.  

The Sentinel-1 mission was initiated on 3 April 2014 while being operated by the 

European Space Agency (ESA) within the context of the Copernicus Programme (ESA, 2025). 

The first Sentinel-1 mission included two sun-synchronous polar-orbiting satellites: 

Sentinel-1A, which was launched on April 3, 2014, and Sentinel-1B, which was launched on 

April 25, 2016. However, the Sentinel-1B spacecraft encountered a power supply failure, 

leading to the cessation of operational functionality on 23 December 2021, and the mission 

was officially terminated on 3 August 2022, extending the repetition cycle from six days to 

twelve days. As of 5 December 2024, Sentinel-1C was launched, which increased the 

temporal resolution to six days. A complete Sentinel-1A SLC dataset was put together for the 

Hatay Airport area in order to meet the goals of this investigation. The SAR images, acquired 

in descending orbit with the interferometric wide swath (IW) mode between 2 December 

2017 and 29 January 2023, were collected exclusively in vertical-vertical (VV) polarization 

to optimize sensitivity to ground deformation. The data utilized in this study were obtained 

from the Alaska Satellite Facility’s (ASF) Vertex platform, which guarantees high-quality and 

consistent imagery. In addition, Shuttle Radar Topography Mission (SRTM) 3 arc-sec (~90 

m) digital elevation model (DEM) and GACOS data were utilized in StaMPS PSI processing. 

Table 1 summarizes the main features of the dataset, which gives a strong base for PSI-based 

analysis and a correct understanding of how the ground is changing at this complicated 

infrastructure site. 

 

Figure 1. The Hatay Airport is situated within the Hatay Province, which is located in the southern 

region of Türkiye 
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Table 1. The properties of the utilized Sentinel-1A SLC dataset of 151 SAR images obtained between 2 

December 2017 and 29 January 2023 

Property Description 
Product type Sentinel-1A TOPS SLC 
Wavelength C-band/5.55 cm 

Acquisition date 20171202-20230129 
Number of images 151 
Acquisition mode IW 

Orbit direction Descending 
Polarization VV 

Path/Frame No. 21/14 
Spatial resolution 5 m (ground range) x 20 m (azimuth) 

Pixel spacing 2.3 m (slant range) x 14.1 m (azimuth) 
Incidence angle 29°-46° 

Total swath width 250 km 

3. Methodology 

The methodology of this study comprises two stages: the initial pre-processing of the 

Sentinel-1A dataset and the subsequent StaMPS PSI processing, which are illustrated in 

Figure 2. The latter entailed the implementation of atmospheric phase delay correction 

utilizing GACOS products. The pre-processing of the StaMPS PSI was executed with the use 

of SNAP 9.0.0, a toolbox designed for the Sentinel-1A data, developed by the ESA. 

 

Figure 2. The study methodology comprises two stages: the initial pre-processing of the Sentinel-1A 

dataset and the subsequent StaMPS PSI processing 

The optimal master selection represents a pivotal stage in the interferogram generation 

process, as all subsequent processing of slave images is contingent upon the selected master. 
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In addition, the selection of the master image has a direct impact on the quality of the 

interferograms, which in turn affects the accuracy of the deformation analysis. When 

selecting the master image, a number of parameters are taken into account. The 

aforementioned parameters are the perpendicular baseline, the temporal baseline, the 

Doppler centroid frequency difference, and the height ambiguity. The perpendicular base 

length is the spatial distance between two SAR images and is of great importance in InSAR 

analyses. This spatial distance is the perpendicular distance between the positions of the 

radar antennas at the time of acquisition of two SAR images obtained at different times. In 

other words, it is the distance perpendicular to the orbital plane. If this distance is large, 

geometric differences between the two images may occur, which has a negative effect on the 

quality of the interferograms by reducing the coherence between the images. The temporal 

baseline is the interval between the acquisition dates of two SAR images and is typically 

expressed in days. A high or low temporal baseline can impact the quality of the 

interferogram. A high temporal baseline allows for the detailed observation of deformation, 

whereas a low temporal baseline may result in insufficient deformation detection. It is 

therefore important to ensure that the temporal baseline of the master image with other 

images is optimal.  

The mean Doppler centroid frequency difference is defined as the difference between 

the mean Doppler centroid frequencies observed in two distinct SAR images. These 

frequencies represent the shifts in frequency that occur between the time the signal is 

reflected from the target objects and the time it is recorded. The primary cause of these 

frequency shifts is the movement of the radar antenna and the target objects. The selection 

of the image with a low Doppler centroid frequency difference as the master has a beneficial 

impact on the quality of the interferograms and enhances the reliability of the analyses. 

Height ambiguity is defined as the change in height corresponding to the phase altitude. It is 

inversely proportional to the vertical base length. In order to generate interferograms with 

high sensitivity to height variations, it is necessary to select an image with low height 

ambiguity as the master image. In accordance with the parameters employed, the image 

exhibiting the highest correlation with the image stack is designated as the master image 

(Hooper et al., 2004; Ferretti et al., 2004; Kampes & Hanssen, 2004; Chen et al., 2007; Liu et 

al., 2018). This operation was carried out in strict adherence to the stipulation of achieving a 

requisite level of geometric and temporal decorrelation (Ferretti et al., 2000; Rucci et al., 

2012). In light of the previously outlined prerequisites, the master image was identified as 

the one acquired on 29 September 2020. The remaining processes were executed in the SNAP 

Graph Builder operator, thus enabling users to construct sequences of processing commands 

or graphs that can be applied in bulk through the Graph Processing Tool (GPT). 

Once the optimal master image was selected, the subsequent steps involved the 

initiation of the sub-swath and burst selection and the orbital correction processes. In these 

phases, the Terrain Observation with Progressive Scans SAR (TOPSAR) Split and Apply Orbit 

operations were executed initially. The TOPSAR Split operation was employed for the 

purpose of dividing the bursts within the workspace. This results in a reduction in data 

volume and a concomitant reduction in processing time. Subsequently, the Apply Orbit 

operation was performed. This process is fundamental to ensuring the accurate geocoding of 

the images. In the course of the aforementioned process, the orbit data, which comprises the 

position of the satellite at the time of acquisition, is applied to the images. This was achieved 

through the utilization of precise orbit files provided by the ESA. The precise orbit files 

contain detailed information regarding the precise trajectory of the satellite, which enables 

more accurate alignment of the images. Subsequently, the process of back geocoding was 

undertaken for the purpose of coregistration. This process entails the conversion of all 

images from the radar coordinate system to the geographic coordinate system. Accordingly, 

the georeferenced images were aligned with one another in accordance with the master 

image and then stacked into a single stack. In the event that the study area is situated within 
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multiple bursts or if there is a necessity to consolidate successive bursts into a single image, 

the deburst process is employed. During this process, all bursts are resampled in both the 

distance and azimuth directions. In the direction, all bursts and aligned side bursts are 

merged at a common time (t), with the merging process performed from the center of the 

bursts for overlapping areas. In the azimuth direction, the bursts are merged according to 

zero Doppler time. The aforementioned process was conducted utilizing the TOPS deburst 

operator within the SNAP toolbox.  

Once the images were accurately matched, aligned, and debursted, the interferogram 

generation step was initiated. An interferogram is defined as an image formed by comparing 

the phase information of at least two SAR images. The use of interferograms containing phase 

differences in SAR images is a valuable tool for the detection of surface deformations. In the 

generation of interferograms, a total of n SAR images were employed, resulting in the 

production of n-1 interferograms with the master image selected as the reference. In the 

present study, a total of 150 interferograms were generated from 151 SAR images. 

Furthermore, the interferogram generation process entailed the removal of both the flat-

earth phase and the topographic phase. The flat-earth phase is a consequence of the 

curvature of the observed surface and can be estimated utilizing orbital and metadata 

information. In the removal of the topographic phase step, the topographic phase component, 

which is an additive component in the phase difference mentioned in the interferogram 

generation step, was removed. The aforementioned additive component is typically removed 

through the utilization of a reference DEM. This process was conducted using the DEM 

generated by the SRTM, which is accessible in numerous software applications. The SRTM 

dataset encompasses a latitudinal range between 60° north and 56° south, encompassing 

approximately 80% of the Earth's surface. The sampling interval is 3 arc-sec, which equates 

to approximately 90 m x 90 m. Additionally, a resolution of 1 arc-sec is available. Finally, as 

the last step in the pre-processing of the Sentinel-1A dataset, the StaMPS export was 

performed. 

The PSI processing was carried out using the StaMPS 4.1b software, which is available 

at the GitHub repository (https://github.com/dbekaert/StaMPS). The processing steps of the 

StaMPS PSI methodology were applied through the MATLAB R2022b environment on an 

Ubuntu 18.04.6 LTS virtual machine. The selection procedure for the PS candidate was 

carried out by utilizing a default threshold of 0.4 for pixel amplitude dispersion value 

(Hooper, 2008). The selection of PS candidates in existing methods is contingent upon the 

implementation of a threshold for pixel amplitude dispersion values (Ferretti et al., 2001). 

𝐷𝐴 =
𝜎𝐴
𝜇𝐴

 (1) 

Where 𝐷𝐴 represents the amplitude dispersion index, while 𝜎𝐴 represents the standard 

deviation of the amplitude values, and 𝜇𝐴  represents the mean of the amplitude values. 

Subsequent to the preliminary selection of PS candidates, the StaMPS processing steps from 

1 to 7, as delineated in the StaMPS/MTI manual (Version 4.1b) (Hooper et al., 2004), were 

undertaken. As an alternative approach to step 8, the atmospheric phase delay was corrected 

using the Toolbox for Reducing Atmospheric InSAR Noise (TRAIN) (Bekaert et al., 2015a; 

Bekaert et al., 2015b). The TRAIN toolbox module is compatible with StaMPS and has been 

developed at the University of Leeds. The GACOS products were imported into TRAIN 

(Version 3beta), which is available at the GitHub repository 

(https://github.com/dbekaert/TRAIN). In the StaMPS PSI processing, the initial step 

involved the preparation and importation of data, which was carried out by applying the 

script mt_prep_snap with the default StaMPS PSI processing parameters. These included 𝐷𝐴 

as 0.4, the number of patches in the range as 1, the number of patches in azimuth as 1, the 

overlapping pixels between patches in the range as 50, and the overlapping pixels between 

patches in azimuth as 200. Subsequently, phase noise estimation was conducted. Phase noise 

estimation is a process that improves the reliability of interferograms by making the phase 
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information more precise. It is an important step for better detection of surface 

deformations. Phase noise can be caused by various factors, including atmospheric effects, 

sensor errors, and geometrical errors. The software evaluates phase and amplitude 

information and performs noise estimation using various filters. Additionally, in this step, the 

estimation of PS candidates is also performed. PS points demonstrate high phase stability. 

Phase stability can be ascertained by removing the components, which include errors caused 

by the atmospheric phase screen (APS) and DEM.  

Targets with high geometric and temporal correlation are considered PS candidates, 

and pixels with constant amplitude values are deemed to have PS potential. Following the 

necessary operations among the PS candidates formed by phase estimation, PS selection is 

performed. Points with values that fall below the predetermined 𝐷𝐴 value are designated as 

PS. The 𝐷𝐴  value establishes a threshold such that pixels exhibiting irregular amplitude, 

including those representing the water surface and vegetation, are excluded from the PS 

selection process. According to the StaMPS manual, the 𝐷𝐴 value is recommended to be set 

within the range of 0.4–0.42, while (Hooper et al., 2007) suggested that values up to 0.6 may 

still correspond to signals distinguishable from noise. As this value increases, the number of 

processed pixels will also increase. During PS selection, PS points that exceed the correlation 

and amplitude dispersion threshold are eliminated. Furthermore, the phase changes of the 

PS points in the time series are evaluated, and PS points with low phase stability are also 

excluded. Finally, those with high phase standard deviation among the PS points are 

removed, and the extraction is completed.  

Phase unwrapping was conducted using the 3D phase unwrapping technique. In the 3D 

phase unwrapping technique, two dimensions are used to represent the spatial component, 

while the remaining dimension represents the temporal component. Firstly, phase 

unwrapping is performed in the time dimension of all PS pixels representing PS points. This 

process is conducted using time series or phase modeling techniques. Subsequently, the 

phase differences resolved in the time dimension are spatially phase unwrapped using an 

iterative algorithm for each time step. This process is performed using phase differences 

between neighboring pixels. Finally, the process is completed by integrating the location and 

time dimensions. The unwrapped phase encompasses a number of components, including 

spatially correlated looking angle (SCLA) error, atmospheric error, and orbital error. SCLA 

pertains to the spatial correlation of the viewpoint from which SAR images are acquired. This 

error is attributable to a number of factors, including the geometry of the SAR image, 

topographic elevation changes, and atmospheric conditions. It can be rectified through the 

utilization of topographic and atmospheric models.  

In the phase delay correction stage, the contributions of atmospheric and orbital errors 

were first estimated and then removed to ensure that the remaining phase signal accurately 

represented ground deformation. This correction relied on atmospheric filtering techniques, 

which are commonly used to identify and reduce phase distortions introduced by variations 

in atmospheric conditions. Atmospheric filtering aims to separate these unwanted 

components from the deformation signal by modelling the behaviour of atmospheric delays, 

which mainly consist of tropospheric and ionospheric effects. Among these, the tropospheric 

delay is generally the more influential component in InSAR processing and therefore 

requires particular attention during correction. To address these issues, a combination of 

spatial, temporal, and height-based filtering strategies was applied to isolate and suppress 

the atmospheric contributions. The TRAIN module is frequently used for estimating and 

removing tropospheric delays, as it is capable of incorporating external atmospheric models 

in the correction workflow. In this study, GACOS data were integrated into TRAIN to support 

the estimation of tropospheric delay and to refine the phase observations accordingly. Once 

the filtering process was completed, the corrected phase information enabled the creation of 

an average LOS deformation velocity map, which then formed the basis for the following 

stages of interpretation and analysis. This map provided a clearer view of the spatial pattern 
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of LOS motion across the airport area and guided the identification of zones showing notable 

displacement behavior. 

4. Results and Discussion 

A total of 4041 PS points were identified through the processing of the Sentinel 1A SLC 

dataset by StaMPS PSI, as illustrated in Figure 3. This distribution reflects the availability of 

coherent scatterers across the broader study region and indicates that a sufficient number of 

stable radar targets were preserved throughout the observation period. Within the 

boundaries of Hatay Airport itself, 1627 PS points were detected. This subset forms the core 

of the deformation analysis, since these points directly represent LOS motion on the airport 

platform and provide the spatial density needed to examine local variations in ground 

behavior across the reclaimed area. 

 

Figure 3. Distribution of the 4041 PS points detected by StaMPS PSI processing of the Sentinel-1A SLC 

dataset, the coordinate system is the World Geodetic System 1984 (WGS84) 

The resulting average LOS deformation velocity map for Hatay Airport is presented in 

Figure 4. The spatial pattern displayed in the figure shows considerable variation across the 

airport platform, with LOS deformation velocities ranging from roughly -6.25 mm/year to 

9.02 mm/year. These variations indicate that different parts of the airport are moving at 

different rates along the radar LOS. Some areas exhibit motion directed toward the satellite, 

whereas others show movement away from the satellite. This behavior reflects changes in 

the LOS component of ground displacement rather than true vertical uplift or settlement, 

underscoring the need for careful interpretation of deformation signals in complex reclaimed 

ground environments. 
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Figure 4. The average LOS deformation velocity map of Hatay Airport was generated using the GACOS-

corrected StaMPS PSI processing of the Sentinel-1A SLC dataset 

The average LOS velocities in the northern portion of the airport show movement in the 

direction of the satellite, indicating either ground rebound or uplift. On the other hand, the 

southern sector moved away from the satellite, a phenomenon typically associated with 

settlement or subsidence. The distinct geotechnical or hydrological processes at work, which 

may be influenced by the underlying conditions or human activity in the airport area, may be 

indicated by the variations in deformation trajectories from north to south. 

An intriguing result of the analysis is that, in comparison to other areas within the 

airport boundary, the flat runway and terminal zones have a significantly lower density of PS 

points. This reduction in point density can be linked to the presence of planted lawns and 

moist, unconsolidated soils commonly found in these areas. Such land cover is known to 

reduce the temporal coherence necessary for StaMPS PSI, limiting the identification of 

reliable scatterers. In particular, reclaimed or artificially constructed zones within the 

airport, which often contain freshly planted grass or poorly compacted soils, are especially 

susceptible to coherence loss (Jiang et al., 2016). As a result, these sections tend to yield fewer 

PS points, reducing the spatial detail and reliability of the deformation measurements. 

This finding underscores a known limitation of StaMPS PSI when applied to 

environments dominated by vegetation or variable soil moisture. In such cases, the point 

density and quality of deformation estimates may be significantly constrained, emphasizing 

the importance of integrating additional data sources or alternative remote sensing methods 

when monitoring ground motion in complex, dynamic landscapes such as airport 

environments. Additionally, the utilization of alternative MT-InSAR methods can be 

considered for further analysis, especially to validate the robustness of the deformation 

signals and to provide complementary insights into spatial or temporal patterns. 

5. Conclusions 

Due to the difficult subsurface conditions typical of such environments, the risk of 

deformation developing over time in major engineering structures like motorways, bridges, 

and airports built on reclaimed wetlands continues to be a major concern. Advanced 

observation technologies are regularly used in many developed nations to monitor the 
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stability and health of these massive structures, guaranteeing the early detection of any 

potentially dangerous ground movements. In this regard, Hatay Airport is a crucial location 

for deformation monitoring studies since it is one of the largest engineering projects built on 

reclaimed land in Turkey. 

This study explores the ground deformation occurring at Hatay Airport by utilizing 

GACOS-corrected StaMPS PSI processing on Sentinel-1A data. The analysis employed a 

thorough dataset, consisting of 151 images gathered from 2 December 2017 to 29 January 

2023. This method allowed for a detailed mapping of the spatial variations in average 

deformation velocity of the land surface across the airport. The results demonstrated distinct 

differences in the average LOS deformation velocities between the northern and southern 

parts of the airport. The northern section indicated a shift toward the satellite, implying a 

process of uplift or ground recovery. In contrast, the southern part exhibited movement away 

from the satellite, which corresponds with subsidence or settlement phenomena. The 

observed average deformation velocities for land subsidence ranged from -6.25 mm/year to 

9.02 mm/year, underscoring the complex and dynamic nature of ground movement in 

reclaimed airport environments. 

This study highlights the significant use of MT-InSAR methods, which enable tracking of 

ground movement with remarkable sub-centimeter accuracy. The remarkable precision 

achieved in this context holds significant importance for airport management. It allows for 

the prompt detection of potentially concerning deformations, thereby preventing any 

operational or structural risks that may arise. The integration of StaMPS PSI and GACOS 

atmospheric correction demonstrates significant effectiveness in minimizing noise and 

improving the reliability of deformation measurements. This is particularly noteworthy in 

regions where low coherence, caused by factors such as vegetation or soil moisture, could 

otherwise restrict the availability of usable PS points. In these parts of the scene, coherence 

often fluctuates between acquisitions, and the number of stable scatterers drops quickly. 

The findings highlight the critical need for ongoing and attentive monitoring in large 

infrastructure projects constructed on reclaimed lands. The use of MT-InSAR techniques, like 

StaMPS PSI, especially when enhanced with GACOS corrections, allows for a reliable 

identification and evaluation of ground deformation patterns. This offers essential assistance 

for planning maintenance, managing safety, and preventing risks in important facilities such 

as airports. Ultimately, it enhances the long-term resilience and operational safety of these 

crucial transportation centers. 
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