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ABSTRACT 
     Airports require continuous deformation monitoring because ground settlement 
can affect pavement performance, operational safety, and maintenance planning. This 
study investigated surface deformation at Gimpo International Airport using SBAS-
InSAR and PS-InSAR applied to 81 Sentinel-1A images acquired from January 2020 to 
December 2022. Spatial and temporal deformation patterns were evaluated across two 
runways and three apron areas using mean line-of-sight (LOS) velocity, cumulative 
displacement, representative-point time series, and longitudinal runway profiles. Both 
techniques indicated that deformation was localized rather than uniformly distributed 
across the airport. Maximum negative LOS displacement magnitudes of approximately 
38.7 mm and 80.0 mm were observed in a northern runway section and the eastern 
apron, respectively. SBAS-InSAR provided relatively continuous spatial coverage, 
whereas PS-InSAR identified deformation at discrete, temporally stable scatterers. 
Temporally matched GNSS measurements showed a weak-to-moderate positive 
relationship with the SBAS-InSAR results, with a Pearson correlation coefficient of 
0.411 and an R² value of 0.169. These findings demonstrate that SBAS-InSAR and PS-
InSAR provide complementary information for identifying airport areas requiring further 
inspection and long-term monitoring. 
 
Keywords: SBAS-InSAR, PS-InSAR, ground settlement, airport infrastructure, Gimpo 
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1. INTRODUCTION 
Airport runways and apron areas require continuous monitoring to maintain 
serviceability and support maintenance planning. Localized or differential settlement 
may develop gradually and remain difficult to identify through visual inspection alone. 
Conventional methods such as leveling, total stations, and Global Navigation Satellite 
System measurements provide accurate point-based observations but are limited in 
spatial coverage and survey frequency. Satellite-based interferometric synthetic 
aperture radar provides repeated, non-contact measurements over large areas and has 
therefore been increasingly applied to transportation infrastructure and airport facilities 
(Bianchini Ciampoli et al. 2020, Gagliardi et al. 2021, Zhang et al. 2023). 
Multi-temporal InSAR techniques reduce the effects of temporal and geometric 
decorrelation, residual topographic errors, orbital inaccuracies, and atmospheric delays. 
Persistent Scatterer InSAR estimates displacement at radar targets that maintain stable 
amplitude and phase characteristics, whereas Small Baseline Subset InSAR 
reconstructs deformation using interferograms with relatively short temporal and 
perpendicular baselines (Ferretti et al. 2001, Berardino et al. 2002, Crosetto et al. 2016). 
Improvements in DEM-error correction, atmospheric correction, phase-unwrapping 
error reduction, and time-series inversion have further enhanced the reliability of these 
measurements (Fattahi and Amelung 2013, Bekaert et al. 2015, Yu et al. 2018, Yunjun 
et al. 2019). 
The applicability of InSAR to airport deformation monitoring has been demonstrated at 
several sites. Studies at Pudong International Airport, Kuala Lumpur International 
Airport, Beijing Capital International Airport, and Hong Kong International Airport 
identified spatially heterogeneous and localized settlement patterns across runways, 
reclaimed areas, and surrounding facilities (Jiang et al. 2016, Marshall et al. 2018, Gao 
et al. 2019, Wu et al. 2020). More detailed runway-scale applications showed that 
Sentinel-1 and Persistent Scatterer measurements can support deformation screening 
along individual pavement sections (Bianchini Ciampoli et al. 2020, Gagliardi et al. 
2021). Other investigations at Xiamen Xiang’an, Iqaluit, and Ankang airports 
demonstrated that deformation characteristics may vary with reclaimed-ground 
conditions and environmental processes (Zhuo et al. 2020, Ma et al. 2022, Zhang et al. 
2022). Recent studies have further extended airport InSAR applications to 
displacement prediction and long-term correlation analysis (Shi et al. 2023, Zheng et al. 
2024). 
Despite these developments, most airport studies have applied a single InSAR 
technique. SBAS-InSAR and PS-InSAR differ in interferometric network construction, 
measurement density, and sensitivity to scattering conditions. SBAS-InSAR generally 
provides broader spatial coverage, whereas PS-InSAR produces discrete 
measurements at temporally stable scatterers. A comparison using the same SAR 
dataset and observation period is therefore required to determine whether differences 
in the results arise from actual deformation patterns or methodological characteristics. 
In addition, single-orbit InSAR provides only line-of-sight displacement and cannot 
independently separate vertical and horizontal motion. Comparisons with GNSS also 
require caution when the ground measurements are not projected into the satellite LOS 
direction, although multi-geometry SAR observations can improve displacement-
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component interpretation (Ma and Jiang 2024). 
This study investigates surface deformation at Gimpo International Airport using SBAS-
InSAR and PS-InSAR derived from the same 81 Sentinel-1A ascending images 
acquired between January 2020 and December 2022. The airport was divided into two 
runway zones and three apron zones, and the results were compared using mean LOS 
velocity, cumulative displacement, representative-point time series, final displacement 
distributions, and longitudinal runway profiles. Temporally matched GNSS 
measurements were additionally compared with the SBAS-InSAR results. The objective 
was to identify localized deformation patterns and evaluate the complementary 
characteristics of the two InSAR techniques for wide-area airport monitoring. 
 
2. STUDY AREA AND DATA 
 
     2.1 Gimpo International Airport 

Gimpo International Airport is located in western Seoul, Republic of Korea, and 
consists of two parallel runways, terminal facilities, and several apron areas. In this 
study, the airport was divided into Runway 1, Runway 2, the North apron, the 
Central/East apron, and the West apron to examine facility-specific deformation. The 
location and configuration of the study area are shown in Fig. 1. 

  
(a) Location of study area  (b) Overview of Gimpo International Airport 

Fig. 1. Study Area and Gimpo International Airport 
 

2.2 SAR Data 
A total of 81 Sentinel-1A C-band SAR images acquired between January 4, 2020 

and December 31, 2022 were used in this study. All images were acquired in the 
ascending orbit direction with VV polarization, with a revisit interval of 12 days. The 
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spatial resolution of the images was approximately 5 m × 20 m. The principal 
characteristics of the SAR dataset are summarized in Table 1. 

 
Table 1. Sentinel-1 SAR dataset used for SBAS-InSAR and PS-InSAR analyses 

Parameter Description 

Satellite Sentinel-1A 

Sensor band C-band 

Polarization VV 

Orbit direction Ascending 

Acquisition period 2020.01.04 ~ 2022.12.31 

Number of images 81 

Revisit interval 12 days 

Spatial resolution 5 m × 20 m 

 
The same Sentinel-1 image stack and analysis period were applied to both the 

SBAS-InSAR and PS-InSAR processing. The use of identical input data excluded 
differences in acquisition period and sensor configuration, allowing the results to be 
compared primarily in terms of processing strategy and spatial observation distribution. 

All displacement values were calculated as relative LOS displacement referenced 
to the first acquisition date. Negative LOS displacement represents movement away 
from the satellite, whereas positive values indicate movement toward the satellite. 
Because only ascending-orbit data were used, the results represent one-dimensional 
LOS displacement and were not directly interpreted as pure vertical settlement. 

 
 

3. METHODOLOGY 
 

3.1 Overall Research Framework 
The overall methodology consisted of SAR data processing, InSAR time-series 

analysis, facility-based deformation analysis, and comparison of the derived results. 
SBAS-InSAR and PS-InSAR analyses were independently performed using the same 
Sentinel-1 SAR image stack. The mean LOS velocity and cumulative LOS 
displacement time series obtained from the two techniques were used to investigate the 
spatial and temporal surface deformation characteristics of Gimpo International Airport. 
The overall research framework is presented in Fig. 2. 
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Fig. 2. Workflow of SBAS-InSAR and PS-InSAR analyses for ground settlement 

monitoring 
 

The phase observed in a differential SAR interferogram contains not only the 
surface-deformation component but also contributions from residual topography, orbital 
errors, atmospheric delays, and noise. For two SAR images acquired at ti and tj, the 

observed differential interferometric phase at a location x can be expressed as 
 

∆𝜙𝑖𝑗
𝑜𝑏𝑠(𝑥) = ∆𝜙𝑖𝑗

𝑑𝑒𝑓(𝑥) + ∆𝜙𝑖𝑗
𝑡𝑜𝑝𝑜(𝑥) + ∆𝜙𝑖𝑗

𝑜𝑟𝑏(𝑥) + ∆𝜙𝑖𝑗
𝑎𝑡𝑚(𝑥) + ∆𝜙𝑖𝑗

𝑛𝑜𝑖𝑠𝑒(𝑥) (1) 

 

where 𝛥𝜙𝑖𝑗
𝑜𝑏𝑠is the observed differential interferometric phase, 𝛥𝜙𝑖𝑗

𝑑𝑒𝑓
is the phase 

contribution associated with surface displacement, 𝛥𝜙𝑖𝑗
𝑡𝑜𝑝𝑜

is the residual topographic 
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phase caused by digital elevation model errors, 𝛥𝜙𝑖𝑗
𝑜𝑟𝑏is the orbital-error component, 

𝛥𝜙𝑖𝑗
𝑎𝑡𝑚is the atmospheric phase delay, and 𝛥𝜙𝑖𝑗

𝑛𝑜𝑖𝑠𝑒represents temporal and geometric 

decorrelation and other noise components. Both SBAS-InSAR and PS-InSAR are 
fundamentally based on estimating or reducing the non-deformation components in Eq. 
(1) to isolate the phase associated with surface displacement.  

After the topographic, atmospheric, and orbital phase components were corrected, 
the deformation phase was converted into LOS displacement using the radar 
wavelength. Based on the displacement sign convention adopted in this study, the 
relationship between the deformation phase and LOS displacement was expressed as 

 

∆𝑑𝑖𝑗
𝐿𝑂𝑆(𝑥) =

𝜆

4𝜋
∆𝜙𝑖𝑗

𝑑𝑒𝑓(𝑥) (2) 

 

where 𝜆is the radar wavelength, 𝛥𝑑𝑖𝑗
𝐿𝑂𝑆is the LOS displacement between 𝑡𝑖and 

𝑡𝑗, and 𝛥𝜙𝑖𝑗
𝑑𝑒𝑓

is the corrected and unwrapped deformation phase. The phase sign was 

adjusted according to the interferogram-generation convention used in the processing. 
In this study, negative LOS displacement was defined as movement away from the 
satellite. Therefore, settlement dominated by vertical downward movement may 
generally appear as negative LOS displacement. However, the result derived from a 
single ascending orbit may contain both vertical and horizontal displacement 
components. InSAR measures changes in the sensor-to-ground distance from radar 
phase differences, and a result from one orbital geometry represents displacement 
along the satellite line of sight.  

Cumulative LOS displacement at each acquisition date was calculated relative to 
the first SAR acquisition. The mean LOS velocity over the entire observation period 
was estimated from the slope of a linear regression fitted to the cumulative 
displacement time series. 

 

𝑑𝐿𝑂𝑆(𝑥, 𝑡) = 𝜈𝐿𝑂𝑆(𝑥)(𝑡 − 𝑡0) + 𝑐(𝑥) + 𝜀(𝑥, 𝑡) (3) 

 

where 𝑑𝐿𝑂𝑆(𝒙, 𝑡)is the cumulative LOS displacement at location 𝒙and time 𝑡, 

𝑣𝐿𝑂𝑆(𝒙) is the mean LOS velocity, 𝑡0 is the reference date, 𝑐(𝒙) is the regression 
intercept, and 𝜀(𝒙, 𝑡)represents the residual error. The mean LOS velocity was used to 
characterize the long-term deformation tendency over the observation period, whereas 
the cumulative LOS displacement time series was used to identify temporal variations 
and localized anomalous displacement at individual airport facilities. 

Following the common preprocessing procedure, the SBAS-InSAR analysis 
constructed an interferometric network using image pairs with relatively short temporal 
and perpendicular baselines. Multiple differential interferograms were then inverted to 
estimate spatially continuous displacement time series. In the PS-InSAR analysis, 
persistent scatterer candidates exhibiting stable amplitude and phase characteristics 
throughout the observation period were identified, and the displacement, residual 
topographic error, and atmospheric phase components were estimated at each 
scatterer. SBAS is based on time-series inversion of a small-baseline interferometric 
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network, whereas PS-InSAR exploits the phase stability of temporally persistent radar 
scatterers.  

The results obtained from the two techniques were subsequently compared in 
terms of mean LOS velocity distribution, final cumulative LOS displacement, 
representative-point time series, and longitudinal runway deformation profiles. For the 
facility-based analysis, the airport was divided into Runway 1, Runway 2, the North 
apron, the Central/East apron, and the West apron. Representative monitoring points 
selected within the runway and apron areas were used to evaluate facility-specific 
deformation characteristics. Because the GNSS and InSAR measurements 
represented different observation directions, the GNSS comparison focused on the 
similarity of temporal trends and the linear relationship between the measurements 
rather than direct absolute-error validation 

 
3.2 SBAS-InSAR Processing 
The SBAS-InSAR analysis was performed using the Sentinel-1A image stack 

described in Section 2.2. All images were co-registered to a common reference image, 
and image pairs with relatively short temporal and perpendicular baselines were 
selected to construct a small-baseline interferometric network. Differential 
interferograms were generated from the selected pairs, and the topographic phase was 
removed using a digital elevation model. Interferogram filtering and phase unwrapping 
were then performed, and the corrected deformation phase was converted into LOS 
displacement using Eq. (2). 

For the kth interferogram generated from images acquired at tiand tj, the LOS 

displacement difference can be expressed as 
 

δdk
LOS(x) = dLOS(x, tj) − dLOS(x, ti) + εk(x) (4) 

 

where δdk
LOS(x)is the LOS displacement difference, dLOS(x, ti)and dLOS(x, tj)are 

the cumulative LOS displacements at the two acquisition dates, and εk(x)represents 
residual phase errors and noise. 

The displacement differences obtained from multiple interferograms were 
arranged into the following linear system: 

 
δd = Gv + ε (5) 

 
where δdis the vector of interferometric LOS displacement differences, vis the 

vector of mean LOS velocities between consecutive acquisitions, and G is the design 
matrix describing the temporal relationship between the image pairs and acquisition 
intervals. The interval velocities were estimated using singular value decomposition: 

 

v̂ = G+δd = VΣ+UTδd (6) 
 
where G+is the Moore–Penrose pseudoinverse of the design matrix, and U, Σ, 

and Vare the component matrices obtained from singular value decomposition. 
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The first SAR acquisition was used as the reference date, and the cumulative 
LOS displacement time series was reconstructed by integrating the estimated interval 
velocities. The resulting time series and mean LOS velocity were used to evaluate the 
spatial deformation distribution across Gimpo International Airport and the temporal 
deformation characteristics of representative points along the runways and apron areas. 

 
3.3 PS-InSAR Processing 
The PS-InSAR analysis was conducted using the same Sentinel-1A image stack 

applied in the SBAS-InSAR processing. Candidate persistent scatterers were initially 
identified based on the temporal stability of radar backscatter. The amplitude dispersion 
index was calculated as 

 

DA =
σA

μA

(7) 

 
where σAand μAare the standard deviation and mean of the amplitude values 

over the observation period, respectively. Pixels with relatively stable amplitudes were 
retained as candidate persistent scatterers. 

The interferometric phase of each candidate point was modeled as the sum of 
displacement, residual topographic error, atmospheric delay, and noise components: 

 

∆ϕk = ∆ϕk
def + ∆ϕk

topo
+ ∆ϕk

atm + ∆ϕk
noise (9) 

 
The displacement and residual topographic components were estimated from 

their temporal and perpendicular-baseline dependencies. Atmospheric phase 
contributions were reduced by separating spatially correlated and temporally variable 
phase signals from the deformation component. 

The phase stability of each candidate point was evaluated using temporal 
coherence: 

 

γ = |
1

M
∑ exp[j(∆ϕk − ∆ϕ̂k]

M

k=1

| (9) 

 

where Mis the number of interferograms, Δϕkis the observed phase, and Δϕ̂kis 
the estimated phase. Points exhibiting stable phase behavior were retained as 
persistent scatterers. 

The corrected phase values were converted into LOS displacement using Eq. (2), 
and cumulative displacement time series were calculated relative to the first SAR 
acquisition. The resulting PS measurements were used to examine localized 
deformation patterns and temporal displacement characteristics in the runway and 
apron areas. 

 
3.4 Facility-Based Sampling Strategy 
To examine facility-specific deformation patterns, Gimpo International Airport was 

divided into five monitoring zones: Runway 1, Runway 2, the North apron, the 
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Central/East apron, and the West apron. The spatial distribution of these monitoring 
zones is shown in Fig. 3. 

Representative sampling points were arranged sequentially along each runway to 
evaluate longitudinal variations in LOS displacement. The points were ordered from 
one end of each runway to the other, allowing the deformation results to be compared 
according to their relative position along the runway. The cumulative LOS displacement 
time series and final displacement values at these points were used to identify sections 
exhibiting relatively large or persistent deformation. 

For the apron areas, representative points were selected from locations where 
valid measurements were consistently obtained from the SBAS-InSAR and PS-InSAR 
results. Because the spatial density and locations of the measurements differed 
between the two techniques, the apron analysis focused on the overall deformation 
tendency within each monitoring zone rather than an exact point-to-point 
correspondence. The selected runway and apron points were subsequently used for 
the time-series analysis, final displacement mapping, and comparison of the two InSAR 
techniques. 

 

 
Fig. 3. Classification of runway and apron monitoring zones at Gimpo 

International Airport 
 
3.5 Comparison between SBAS and PS Results 
The SBAS-InSAR and PS-InSAR results were compared using the same 

observation period, reference date, LOS sign convention, and displacement unit. The 
comparison focused on the spatial distribution of mean LOS velocity, cumulative LOS 
displacement at representative points, temporal displacement patterns, and longitudinal 
deformation profiles along the two runways. 

Because the spatial density and locations of the measurement points differed 
between the two techniques, direct point-to-point comparison was limited to locations 
where comparable observations were available. For the runway analysis, 
measurements were compared according to the sequential position of the 
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representative points along each runway. For the apron areas, the comparison focused 
on the overall magnitude and spatial tendency of deformation within each monitoring 
zone. 

The combined interpretation was used to identify deformation patterns 
consistently detected by both techniques and localized variations observed primarily in 
one result. This comparison was intended to evaluate the complementary 
characteristics of SBAS-InSAR and PS-InSAR rather than to treat either technique as 
an absolute reference. 

 
 

4. RESULTS 
 
The results are presented from the airport-wide deformation distribution to the 

detailed characteristics of individual facilities. First, the spatial distributions of mean 
LOS velocity derived from SBAS-InSAR and PS-InSAR are examined. The cumulative 
displacement time series and final LOS displacement of representative runway and 
apron points are then analyzed. The results from the two techniques are subsequently 
compared using longitudinal runway profiles, followed by the identification of priority 
monitoring areas and comparison with GNSS measurements. 

 
4.1 Spatial Distribution of Ground Deformation 
Fig. 4 presents the spatial distributions of mean LOS velocity obtained from 

SBAS-InSAR and PS-InSAR. The SBAS-InSAR result provided relatively continuous 
spatial coverage across the airport, allowing broad deformation patterns to be identified 
over the runway and apron areas. The velocity distribution was spatially heterogeneous, 
with near-stable areas occurring together with localized zones of negative LOS velocity. 
This indicates that deformation was not uniformly distributed throughout the airport. 

The PS-InSAR result consisted of discrete measurement points concentrated on 
surfaces that maintained stable radar backscatter during the observation period. 
Persistent scatterers were mainly distributed along paved airport facilities and 
surrounding structures, while their density varied among the individual monitoring 
zones. Localized negative LOS velocities were observed in several runway and apron 
sections, although the overall spatial pattern was more discontinuous than that 
obtained from SBAS-InSAR. 

Despite the differences in spatial coverage and point density, both techniques 
indicated that the airport exhibited localized deformation rather than uniform movement 
across the entire site. SBAS-InSAR was effective for identifying broad spatial patterns, 
whereas PS-InSAR provided point-based measurements at temporally stable scatterers. 
The facility-specific deformation characteristics are examined in greater detail in the 
following sections. 
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(a) SBAS-InSAR  (b)PS-InSAR 

Fig. 4. Spatial distribution of mean LOS velocity 
 

4.2 Deformation Characteristics of Runways and Apron Areas 
Fig. 5 presents the LOS displacement time series of the representative points 

along Runway 1. The SBAS-InSAR results generally showed an increasing negative 
displacement toward the end of the observation period, although the magnitude varied 
among the monitoring points. Several points also exhibited short-term fluctuations, 
indicating that the deformation was spatially nonuniform along the runway. The PS-
InSAR time series showed comparatively smaller variations, with most points 
maintaining moderate negative LOS displacement throughout the analysis period. 
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(a) SBAS-InSAR 

 

  
(b) PS-InSAR 

Fig. 5. LOS displacement time series along runway 1 
 

Fig. 6 shows the displacement time series along Runway 2. Most points remained 
close to the initial reference level during the early observation period, followed by a 
gradual increase in negative LOS displacement after 2021. The SBAS-InSAR results 
exhibited greater variability among the individual points, particularly during the latter 
part of the observation period. The PS-InSAR results showed relatively stable temporal 
behavior, although localized negative displacement was observed at several points. 
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(a) SBAS-InSAR 

 

 
(b) PS-InSAR 

Fig. 6. LOS displacement time series along runway 2 
 
The spatial distribution of final LOS displacement at the representative runway 

and apron points is shown in Fig. 7. Most runway points exhibited relatively small to 
moderate negative displacement, whereas larger values were concentrated at specific 
sections rather than uniformly distributed along the runways. The apron areas also 
showed spatially heterogeneous behavior, with the largest negative displacement 
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observed in the eastern apron area. The maximum displacement reached 
approximately 80.0 mm in this area, while a maximum of approximately 38.7 mm was 
identified in the northern runway area. 

 

  
(a) SBAS-InSAR  (b) PS-InSAR 

Fig. 7. Spatial distribution of final LOS displacement at representative runway and 
apron points 

 
4.3 Comparison between SBAS-InSAR and PS-InSAR 
Fig. 8 compares the final LOS displacement profiles derived from SBAS-InSAR 

and PS-InSAR along Runways 1 and 2. The profiles were constructed according to the 
sequential positions of the representative points to examine whether the two 
techniques detected similar longitudinal deformation patterns. 

Along Runway 1, both methods indicated spatially nonuniform displacement, but 
the estimated magnitudes differed. The SBAS-InSAR profile generally exhibited larger 
negative displacement and greater point-to-point variability, whereas the PS-InSAR 
profile showed smaller and smoother variations. Although several local increases and 
decreases appeared at similar runway positions, the displacement amplitudes were not 
consistently matched. Runway 2 showed greater spatial variability than Runway 1. 
Partial agreement between the two profiles was observed in several sections, 
particularly in the central portion of the runway. However, substantial differences 
occurred at some locations, including a pronounced positive SBAS-InSAR value near 
Point 14 that was not reproduced by PS-InSAR. Such discrepancies may result from 
differences in spatial sampling, radar scattering characteristics, and the processing 
strategies of the two techniques. 

Overall, the two methods consistently indicated that runway deformation was 
localized rather than uniform, although their displacement magnitudes and detailed 
profiles differed. The SBAS-InSAR results provided broader spatial representation, 
whereas the PS-InSAR results reflected deformation at discrete, temporally stable 
scatterers. Therefore, the two datasets were interpreted as complementary 
measurements for identifying runway sections requiring further examination. 
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(a) Runway 1  (b) Runway 2 

Fig. 8. Line deformation profile on Runway 
 
4.4 Identification of Priority Monitoring Areas 
Priority monitoring areas were identified by considering the spatial concentration, 

temporal persistence, and magnitude of LOS displacement observed in the SBAS-
InSAR and PS-InSAR results. Particular attention was given to locations where 
relatively large negative displacement was repeatedly detected or where both 
techniques indicated a similar deformation tendency. 

The eastern apron was identified as the principal monitoring area because it 
exhibited the largest localized negative displacement during the observation period. 
Additional areas of interest were observed in selected sections of Runways 1 and 2, 
where the longitudinal profiles showed distinct variations relative to the surrounding 
points. These results suggest that the deformation characteristics differed not only 
between the runway and apron areas but also among individual sections of the same 
facility. 

The identified locations should be interpreted as areas requiring further 
investigation rather than as confirmed zones of structural damage or ground instability. 
Because detailed information on pavement condition, subsurface structure, aircraft 
loading, and maintenance history was not available, the causes of the observed 
displacement could not be determined from the InSAR results alone. Field inspection 
and comparison with ground-based measurements are therefore required to verify the 
observed deformation and assess its operational significance. 

 
4.5 Comparison between SBAS-InSAR and GNSS 
Fig. 9 compares the SBAS-InSAR LOS displacement with the temporally matched 

GNSS measurements. The two datasets showed partially similar temporal variations, 
although noticeable differences in displacement magnitude were observed at several 
acquisition dates. These discrepancies indicate that the InSAR and GNSS 
measurements did not represent identical displacement components. 

The relationship between the matched measurements was evaluated using linear 
regression, with GNSS displacement as the independent variable and SBAS-InSAR 
LOS displacement as the dependent variable. The regression equation was expressed 
as 
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𝑦 = 0.821𝑥 − 7.349 (10) 
 
where 𝑥 represents the GNSS displacement and 𝑦represents the SBAS-InSAR 

LOS displacement. The analysis produced a Pearson correlation coefficient of 0.411 
and an 𝑅2value of 0.169 based on 81 matched observations. The positive regression 
slope was statistically significant (𝑝 < 0.001), indicating a weak-to-moderate positive 

relationship between the two datasets. However, the relatively low 𝑅2value shows that 
a considerable proportion of the variability in the SBAS-InSAR results was not 
explained by the GNSS measurements. 

The observed differences may be associated with the distinct measurement 
directions and spatial representations of the two techniques. SBAS-InSAR measures 
displacement along the satellite LOS over a spatial resolution cell, whereas the GNSS 
data represent point-based ground motion in a different observation direction. 
Therefore, the comparison was used to assess the general consistency of the 
displacement tendency rather than to perform a direct accuracy validation. Projection of 
the GNSS displacement into the satellite LOS direction and the use of collocated 
ground measurements would be required for a more rigorous quantitative validation. 

 

 
Fig. 9. Comparison between SBAS-InSAR and GNSS 

 
5. CONCLUSIONS 

This study evaluated surface deformation at Gimpo International Airport using 
SBAS-InSAR and PS-InSAR applied to 81 Sentinel-1A images acquired from January 
2020 to December 2022. The analysis focused on two runways and three apron zones 
using mean LOS velocity, cumulative displacement, and runway deformation profiles. 

Both techniques showed that deformation was localized rather than uniformly 
distributed across the airport. SBAS-InSAR provided broader spatial coverage, while 
PS-InSAR captured deformation at temporally stable scatterers. The eastern apron 
exhibited the largest localized negative LOS displacement, and several runway 
sections also showed notable variations. Differences in magnitude between the two 
methods were attributed to their distinct sampling and processing characteristics. 

The GNSS comparison produced a Pearson correlation coefficient of 0.411 and 

an 𝑹𝟐 value of 0.169, indicating a weak-to-moderate positive relationship. These 
results suggest that SBAS-InSAR and PS-InSAR can complement each other in 
identifying localized deformation, although field measurements, pavement records, and 
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ascending–descending SAR observations are required for more reliable interpretation 
and validation. 
 
 
Acknowledgements 

This work was supported by the National Research Foundation of Korea (NRF) 
grant funded by the Korea government (MSIT) (No. RS-2021-NR060085).  



The 2026 World Congress on
Advances in Civil, Environmental, & Materials Research (ACEM26)
23-25, August, 2026, Convensia, Incheon, Korea

  

REFERENCES 

 

Bekaert, D.P.S., Walters, R.J., Wright, T.J., Hooper, A.J. and Parker, D.J. (2015), 

“Statistical comparison of InSAR tropospheric correction techniques”, Remote Sensing 

of Environment, 170, 40-47. 

https://doi.org/10.1016/j.rse.2015.08.035 

Berardino, P., Fornaro, G., Lanari, R. and Sansosti, E. (2002), “A new algorithm for 
surface deformation monitoring based on small baseline differential SAR 
interferograms”, IEEE Transactions on Geoscience and Remote Sensing, 40(11), 
2375-2383. 
https://doi.org/10.1109/TGRS.2002.803792 

Bianchini Ciampoli, L., Gagliardi, V., Ferrante, C., Calvi, A., D’Amico, F. and Tosti, F. 
(2020), “Displacement monitoring in airport runways by persistent scatterers SAR 
interferometry”, Remote Sensing, 12(21), 3564. 
https://doi.org/10.3390/rs12213564 

Crosetto, M., Monserrat, O., Cuevas-González, M., Devanthéry, N. and Crippa, B. 
(2016), “Persistent scatterer interferometry: A review”, ISPRS Journal of 
Photogrammetry and Remote Sensing, 115, 78-89. 
https://doi.org/10.1016/j.isprsjprs.2015.10.011 

Fattahi, H. and Amelung, F. (2013), “DEM error correction in InSAR time series”, IEEE 
Transactions on Geoscience and Remote Sensing, 51(7), 4249-4259. 
https://doi.org/10.1109/TGRS.2012.2227761 

Ferretti, A., Prati, C. and Rocca, F. (2001), “Permanent scatterers in SAR 
interferometry”, IEEE Transactions on Geoscience and Remote Sensing, 39(1), 8-
20. 
https://doi.org/10.1109/36.898661 

Gagliardi, V., Bianchini Ciampoli, L., Trevisani, S., D’Amico, F., Alani, A.M., Benedetto, 
A. and Tosti, F. (2021), “Testing Sentinel-1 SAR interferometry data for airport 
runway monitoring: A geostatistical analysis”, Sensors, 21(17), 5769. 
https://doi.org/10.3390/s21175769 

Gao, M., Gong, H., Li, X., Chen, B., Zhou, C., Shi, M., Guo, L., Chen, Z., Ni, Z. and 
Duan, G. (2019), “Land subsidence and ground fissures in Beijing Capital 
International Airport (BCIA): Evidence from Quasi-PS InSAR analysis”, Remote 
Sensing, 11(12), 1466. 
https://doi.org/10.3390/rs11121466 

Jiang, Y., Liao, M., Wang, H., Zhang, L. and Balz, T. (2016), “Deformation monitoring 
and analysis of the geological environment of Pudong International Airport with 
persistent scatterer SAR interferometry”, Remote Sensing, 8(12), 1021. 
https://doi.org/10.3390/rs8121021 

Ma, D., Motagh, M., Liu, G., Zhang, R., Wang, X., Zhang, B., Xiang, W. and Yu, B. 
(2022), “Thaw settlement monitoring and active layer thickness retrieval using 
time series COSMO-SkyMed imagery in Iqaluit Airport”, Remote Sensing, 14(9), 

https://doi.org/10.1109/TGRS.2002.803792?utm_source=chatgpt.com
https://doi.org/10.3390/rs12213564
https://doi.org/10.1016/j.isprsjprs.2015.10.011
https://doi.org/10.1109/36.898661
https://doi.org/10.3390/s21175769
https://doi.org/10.3390/rs11121466
https://doi.org/10.3390/rs8121021


The 2026 World Congress on
Advances in Civil, Environmental, & Materials Research (ACEM26)
23-25, August, 2026, Convensia, Incheon, Korea

  

2156. 
https://doi.org/10.3390/rs14092156 

Ma, P. and Jiang, X. (2024), “Mapping vertical and horizonal deformation of the newly 
reclaimed third runway at Hong Kong International Airport with PAZ, COSMO-
SkyMed, and Sentinel-1 SAR images”, International Journal of Applied Earth 
Observation and Geoinformation, 132, 104030. 
https://doi.org/10.1016/j.jag.2024.104030 

Marshall, C., Large, D.J., Athab, A., Evers, S.L., Sowter, A., Marsh, S. and Sjögersten, 
S. (2018), “Monitoring tropical peat related settlement using ISBAS InSAR, Kuala 
Lumpur International Airport (KLIA)”, Engineering Geology, 244, 57-65. 
https://doi.org/10.1016/j.enggeo.2018.07.015 

Shi, X., Zhong, J., Yin, Y., Chen, Y., Zhou, H., Wang, M. and Dai, K. (2023), 
“Integrating SBAS-InSAR and LSTM for subsidence monitoring and prediction at 
Hong Kong International Airport”, Ore and Energy Resource Geology, 15, 100032. 
https://doi.org/10.1016/j.oreoa.2023.100032 

Wu, S., Yang, Z., Ding, X., Zhang, B., Zhang, L. and Lu, Z. (2020), “Two decades of 
settlement of Hong Kong International Airport measured with multi-temporal 
InSAR”, Remote Sensing of Environment, 248, 111976. 
https://doi.org/10.1016/j.rse.2020.111976 

Yu, C., Li, Z., Penna, N.T. and Crippa, P. (2018), “Generic atmospheric correction 
model for interferometric synthetic aperture radar observations”, Journal of 
Geophysical Research: Solid Earth, 123(10), 9202-9222. 
https://doi.org/10.1029/2017JB015305 

Yunjun, Z., Fattahi, H. and Amelung, F. (2019), “Small baseline InSAR time series 
analysis: Unwrapping error correction and noise reduction”, Computers & 
Geosciences, 133, 104331. 
https://doi.org/10.1016/j.cageo.2019.104331 

Zhang, R., Zhang, W., Huang, W., Ma, T., Wang, Q., Fang, K. and Wang, K. (2023), 
“High-precision monitoring method for airport deformation based on time-series 
InSAR technology”, Construction and Building Materials, 366, 130144. 
https://doi.org/10.1016/j.conbuildmat.2022.130144 

Zhang, S., Si, J., Niu, Y., Zhu, W., Fan, Q., Hu, X., Zhang, C., An, P., Ren, Z. and Li, Z. 
(2022), “Surface deformation of expansive soil at Ankang Airport, China, revealed 
by InSAR observations”, Remote Sensing, 14(9), 2217. 
https://doi.org/10.3390/rs14092217 

Zheng, Y., Peng, J., Li, C., Chen, X., Peng, Y., Ma, X. and Huang, M. (2024), “Long-
term SAR data analysis for subsidence monitoring and correlation study at Beijing 
Capital Airport”, Remote Sensing, 16(3), 445. 
https://doi.org/10.3390/rs16030445 

Zhuo, G., Dai, K., Huang, H., Li, S., Shi, X., Feng, Y., Li, T., Dong, X. and Deng, J. 
(2020), “Evaluating potential ground subsidence geo-hazard of Xiamen Xiang’an 
New Airport on reclaimed land by SAR interferometry”, Sustainability, 12(17), 
6991. 
https://doi.org/10.3390/su12176991 

https://doi.org/10.1016/j.jag.2024.104030
https://doi.org/10.1016/j.oreoa.2023.100032
https://doi.org/10.3390/rs16030445

