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Abstract 

The Differential Interferometric Synthetic Aperture Radar (DInSAR) can be considered an efficient and cost-effective 
method for monitoring ground subsidence because of its extensive spatial coverage and high precision. Because of orderly 
observations from a broad-range product, the new commissioning of the first Sentinel-1 satellite offers better support to 
operational scrutinies via DInSAR. In the present paper, the results of a Small Baseline Subset Interferometric Synthetic 

Aperture Radar (SBAS-InSAR) time-series analysis of 42 Interferometric Wide swath (IW) products of Urmia Lake Bridge 
in northwestern Iran acquired between November 2014 to April 2021 for both descending and ascending pass using the 
Sentinel-1A observation with Progressive Scans in azimuth (TOPS) imaging mode is studied. The SBAS processing was 
based upon the analysis of 111 small-baseline differential interferograms. The results demonstrate that the majority of 
regional ground subsidence rates in the research area ranged from 10 to 210 mm during the study period. Also, the maximum 
subsidence rate exceeded 210 mm/year. The Line of Sight (LOS) direction for descending pass is 91 mm/year for ascending 
the pass. The board view displays that ground subsidence is intense on the bridge. The largest subsidence center is located a t 
the central points of the bridge. GPS data verified the SBAS-InSAR-derived result. The results include displacement in the 

horizontal and vertical directions for ascending and descending passes. 
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1. Introduction 

Surface subsidence is one of the world's most 

important engineering geological issues and is 

caused, for example, by natural earthquakes [1] or 

human-causing activities such as groundwater 

extraction and underground construction [2]; [3] 
Surface subsidence is also one of the biggest 

regional geological disasters causing significant 

damage to buildings, infrastructure, roads and 

bridges, and human security in urban areas. 

[4];[5];[6], Ground subsidence can be mapped with 

high precision. Utilizing satellite-based methods, 

the most prevalent is differential interferometric 

synthetic aperture radar (DInSAR). The 

interferometric Synthetic Aperture Radar (InSAR) 

has been frequently employed to analyze surface 

subsidence [7]. It was impossible to monitor the 

deformation of areas developed by groundwater 
using techniques such as leveling and GPS. 

However, the InSAR method, with high accuracy of 

hardly any millimeters to a few centimeters, a high 

spatial resolution of 102 square meters, and high 

coverage of the study areas, provided a suitable 

way to monitor and detect land deformation[8]. 

Compared to traditional monitoring methods such 

as the Global Navigation Satellite System (GNSS) 

[9]; [10], leveling [11], geological and geophysical 

investigation methods [12]. However, it is 

impossible to detect and analyze regional 
deformation across the entire city properly [10]; [9]. 

due to the distribution of monitoring results for 

GPS and leveling[13] methods is poor. 

Differential InSAR (DInSAR) technology uses 

traditional InSAR technology to generate an 

interferogram containing surface deformation and 

terrain information from two radar images. It then 

inverts the terrain phase based on the external DEM 

and eliminates it from the interference phase [14]. 

Finally, an interferogram with solely topographical 

deformation information is acquired; however, the 

interferogram also has an atmospheric phase effect, 
making high-precision measurements problematic 

[15]. However, some problems limited the 

applications of SAR, including the variability of 

scatter properties over time and look direction and 

other problems like low temporal resolution, 

geometrical distortion, and a considerable distance 

between the sensor and monitored object [16];[17]. 

Therefore, in recent years, multi-time InSAR 

techniques (MT-InSAR) have been developed to 

retrieve long time series and overcome the 

mentioned problems. These advanced techniques 
with SAR dataset time series analysis present the 

result of high accuracy of deformation; these 

techniques include Persistent Scatterer 

Interferometry (PSI) [18], Small Baseline Subset 

Approach (SBAS) [19];[20], Coherent Pixels 

Technique(CPT) [21] and Interferometric Point 

Target Analysis (IPTA) [22]. SBAS and PS 

technologies are powerful multi-temporal tools for 

wide-area land deformation monitoring; however, 

their processing strategies are different. PSInSAR 

analyzes the amplitude and phase stability to 

explore a subset of image pixels corresponding to 

phase-stable privileged reflectors (e.g., buildings, 

bare rocks, corner reflectors, and so on.), which are 

not influenced by temporal-spatial baseline 

decorrelation. Unlike PSInSAR technology, which 

requires the targets to exhibit very high coherence 

values concerning the only single master image and 
assumes a constant velocity model for targets' 

motion, the SBAR technique makes unwrapping the 

interferogram easier and also to be able to analyze 

the time series of all pixels that are above the 

threshold. Selects interferograms that are very 

coherent and have short temporal and spatial 

baselines. [23]; [24]. Interferograms create a 

network to connect images in a spatial and temporal 

baseline space. Then Singular Value 

Decomposition (SVD) provides phase delay time 

series for inversing all sets of them and spatially 
unwrapping. The SBAS technique has several 

applications and advantages. This method makes it 

possible to study larger spaces, especially in non-

urban areas, considering the SAR properties. [25]. 

Some other researchers that use the InSAR 

method or like that in their papers, for example 

[26], used the Advanced Land Observing Satellite 

(ALOS) Phased Array type L-band Synthetic 

Aperture Radar (PALSAR) DInSAR for the 

analysis of the surface displacement field of the 12 

May 2008 magnitude 8.0 Wenchuan Earthquake. 

The advantage of the mentioned method is that it 
can be calculated without phase unwrapping. 

Compared to the original interferograms, the final 

mosaic of interferograms shows a significantly 

more consistent co-seismic surface-displacement 

field. On the other side [27], Subsidence in the 

southern part of the Delta was calculated using the 

PSI method of 0.4 mm/year using 84 ENVISAT 

SAR images between 2004 and 2010 over the entire 

Delta for their study. They also identified a 2.5 

mm/year uplift in the central Delta. Finally, the 

highest subsidence rate in the province of Menoufia 
was calculated to be -9.7 mm/year [28] using 49 

ENVISAT images obtained between 2003 and 2010 

based on PSI calculated a subsidence rate of −0.4 to 

−2 mm/year. They thought that sediment density 

would overcome the ground subsidence on a shorter 

scale. At the same time, earthquakes and earth-

building activities caused ground subsidence in the 

long run [29]. To monitor the displacement of 

Domus Tiberiana (Rome, Italy), terrestrial laser 

scanning and ground-based synthetic aperture radar 

interferometry from April 2009 to March 2010, 

they also evaluated the impact of human activity on 
the structure. In similar research, Deformation 

information was obtained considering white and 

color noise effects by combining ground-based 
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 interferometric radar and Maximum License 

Estimate (MLE). The substances rate was 

−0.0122±0.0060 and −0.0065±0.0058 mm hour−1 

for (No. 7 and No. 8). This results in the bridge 

being stable and secure[3]. [30] used a method for 

monitoring land deformation using SAR 

interferometry, and polarimetric information is 

given. A coherent target (CT)-neighborhood 

networking scheme can be utilized to attain the 

linear and nonlinear components of the 

deformation, the DEM error. Yearly rates of 
subsidence in the studied area range from -20 to 10 

mm/year, with an average subsidence rate of -7.5 

mm/year in the downtown area. 

Most previous research had limited data or 

analyzed it over a short period, or did not evaluate 

the results of its InSAR method. The present paper 

collected data over seven years from the onset of 

the Sentinel 1A images production until 2021, with 

an interval of 4 months as well as ascending and 

descending crosses. The subsidence of Urmia Lake 

Bridge from November 2014 to April 2021 
calculated using the SBAS method and evaluated 

the obtained results with GPS data of the station in 

the research area. For this purpose, displacement in 

vertical and horizontal directions validated for 

ascending and descending. 

 
1. Methodology  

1.1. Study area 

Area of present research covers approximately 

3650 square kilometers, including the Bridge of the 

Urmia Lake and the Urmia permanent GPS Station. 

This bridge is located in northwestern Iran. It 

connects East and West Azerbaijan provinces by 

crossing Lake Urmia and is Iran's largest and 

longest bridge. Figure 1 presents the location of the 

study area. 

For this study, 42 Sentinel-1A IW SLC SAR 

used images obtained evenly in ascending and 

descending crossings from November 2014 to April 

2021 with an interval of 4 months. With the 
incident angle of 39.16 degrees for descending 

cross and 43.83 degrees for ascending cross. All 

images used are in VV polarization mode, and 

Sentinel 1A images were taken from track 79 for 

descending path and from track 72 for ascending 

path. Images were downloaded from the Alaska 

Satellite Center. A topography map for descending 

crossings is demonstrated in Figure 1. In addition, 

the ASTER GDEM V2 worldwide elevation data 

(resolution 30 meters) used in the data processing 

process removes the terrain phase. The DEM data 
reflated and geocoded the resulting InSAR products 

from range-Doppler coordinates into map geometry 

conforming to the Universal Transverse Mercator 

(UTM) coordinate system. The raw data was 

processed, and time series analysis was performed 

using ENVI and SARscape software. 

 
Figure 1. Location of Lake Urmia in northwestern Iran 

 
Figure 2. The coverage of the two bursts of Sentinal1A image 

1.2. InSAR Dataset and Data Processing 

SBAS-InSAR, a time series InSAR analysis 

approach, is a method that primarily entails the 

correlation arrangement and combination of several 

interferograms in small baselines, which is more 

resistant to decoherence, to improve the rate of 

temporary sampling. [31]; [32]; [33]. The SBAS-

InSAR approach primarily utilizes the singular value 

decomposition method or the least-squares method to 

determine the deformation rate of the research area. To 

increment the rate of the sampling of the observation 

data, it can connect SAR datasets separated by a more 

excellent spatial baseline. In this paper, SARscape data 
processing software was used. The following are the 

main steps as shown in Figure 8 [34]. 

 
1.2.1. Image Coregistration and Resampling  

During (𝑡0, 𝑡1, … , 𝑡𝑛) time select an image as 

the super master image and register the remaining 

slave image. For each crossing, it was necessary to 

coregister the 21-slant range SLC images to a 

standard slant-range coordinate system once they 

were deburst and merged. For descending cross, 
The 18 October 2015, Sentinel-1 image was chosen 

as the super master (and for ascending cross on 17 

October 2015), and the remaining 20 slave images 

were coregistered to the master separately, yielding 

21 images in the master coordinate system. Only 

the amplitude data was used for matching in this 

step, and the coregistration method was a Fast 

Fourier Transform (FFT) [35]. 
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 1.2.2. Generation of the differential interferograms 

Differential 

The SBAS method was used to create differential 

interferograms for short orbital baseline pairs of 

coregistered images is the same method that [36] and 

[37] used. All the formed pairs had a perpendicular 

baseline of no more than 250 meters. This low baseline 

threshold maximizes spatial coherence while reducing 
phase contribution caused by DEM inaccuracies [38]. 

Figure 3 demonstrates a plot of the perpendicular 

baseline and each acquisition time concerning the 

master image. Straight lines represent pairs that 

correspond to the baseline threshold. The whole 

number of interferograms generated for descending 

cross was 57, with an average absolute normal 

baseline of 29.64 meters and a mean absolute 

temporal baseline of 233 days. Moreover, for 

ascending cross, the number of pairs to analyze was 

54, with a mean absolute normal baseline of 53.69 

meters and a mean absolute temporal baseline of 224 
days. Furthermore, the temporal baselines of these 

selected interferograms are demonstrated in Figure 4. 

The differential interferograms were typically high 

quality, with outstanding coherence (average greater 

than 0.4) in several short temporal baselines. Because 

of the correction in the instrument data processing 

facility that was made to data processed after March 

2015 and a difference in the elevation antenna pattern 

of scenes processed before and after March 2015, It 

was possible to introduce another phase discontinuity 

between the sub-swaths [39]. No correction was made 
for this inaccuracy because it was not visible in any 

interferograms generated here. 

 

 
Figure 3. Perpendicular orbital baseline and time relative to the 
master, for descending on 18 October 2015 (A) and ascending 

on 17 October 2015 (B). 

In Figure 3, The green points illustrate SAR 

images, Straight lines connecting two images show 

interferogram pairings, and the yellow dot denotes 

the super master image 

 

 
Figure 4. Time-baseline plots of the SAR images and 

interferograms of the 57 SAR acquisition dates for descending 
cross (A) and 54 for ascending cross (bottom). 

The yellow point represents the super master 

image acquisition date. 

 
1.2.3. Phase unwrapping 

Phase recovery is one of the most critical steps 

in displacement calculation processing. After 

calculating the interferometer, the obtained phase is 

ambiguous and changes in the interval [-π, π]. 
Phase recovery algorithms are utilized to convert 

this ambiguous phase to the real phase, a kind of 

integration method. It is mathematically impossible 

to solve. In this way, this problem solved by 

considering the Nyquist rate.  

The SBAS algorithm described in [40]; [41] and 

[42] used to select the most suitable pixels for the 

time-series analysis and to calculate the LOS 

velocity of each pixel, with 50 as the number of 

best coherences interferograms threshold and 0.4 as 

the coherence threshold. The first threshold 

determines the minimal number of interferograms 
that might be utilized to calculate velocity, while 

the coherence threshold determines the pixels over 

which velocity can be calculated. 

Based on results from prior research [43] and [38], 

phase unwrapping of interferograms was performed 

using a reference pixel placed in a stable location 

within the city. [44] used the Statistical-cost Network-

flow Algorithm for Phase Unwrapping (SNAPHU) to 

individually unwrap coherent pixels within each 

A 

B 

A 
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 interferogram. The present paper's spatial phase was 

unwrapped prior to the stacking analysis. It was 

achieved utilizing the MCF phase unwrapping 

algorithm on a triangular irregular network. 

 
1.2.4. Orbital refinement  

This stage was primarily utilized to eliminate 

residual phases that did not fulfill the requirements 

and any ramp phases that remained after unwinding. 

 
1.2.5. Retrieval of time series results 

After unwrapping, the deformation phase was 

calculated using the singular value decomposition 

method, and the rate of deformation in each period 

was calculated. Finally, geocoding is utilized to 

retrieve the shape variable in each period's line-of-

sight direction (LOS) (a negative value indicates a 

settlement, and a positive value indicates a lift). 

 
1.3.  Calculating of the vertical and horizontal 

displacements 

Lake Urmia has been in a critical situation with 

decreased rainfall in recent years. Environmental 

changes have accompanied more groundwater 

abstraction and have led to subsidence in the area. The 

displacement values obtained from each set of 

descending or ascending images indicate line of sight 
(LOS) displacement. It is essential to calculate and 

separate displacement values into horizontal and 

vertical components to study various phenomena such 

as subsidence more accurately. So that movement in 

the satellite view direction may be separated into three 

primary components, north and east, by obtaining 

many images from multiple visual angles. 

𝐷𝐿𝑂𝑆 = (−𝑠𝑖𝑛𝜃𝑐𝑜𝑠𝛼  𝑠𝑖𝑛𝜃𝑠𝑖𝑛𝛼  𝑐𝑜𝑠𝜃)(

𝐷𝐸

𝐷𝑁

𝐷𝑈

) (1) 

 

Where 𝐷𝐿𝑂𝑆 is LOS displacement, 𝜃 is the 

incident angle, 𝛼 is heading angle and 𝐷𝐸 , 𝐷𝑁 , 𝐷𝑈 

are respectively, displacement in the east, north, 

and vertical directions. 

 

2. Result and Discussion  

Figure 5 shows the mean velocity of 

displacement measured by the SBAS technology for 

both descending and ascending passes in the research 

area. The negative value of the deformation rate 

indicates subsidence, whereas the positive sign 

indicates a decreasing distance from the satellite with 

time (e.g., uplift). Figure 5 demonstrates this. The 
deformation velocity exceeds 210 mm/year in the 

LOS direction for descending the pass, and it is 91 

mm/year for ascending the pass. In general, the 

subsidence on the bridge itself, especially its metal 

part, is considerable and high, but the subsidence in 

the initial and final parts of the bridge is less 

compared to the central parts. 

 
Figure 5. Mean Displacement-Velocity over the research area 

derived by SBAS technique for descending pass (A) and 
ascending pass (B) 

The time-series displacements for both 

descending and ascending passes from November 

2014 to April 2021 based on InSAR measurements 
over the research area at six locations are 

demonstrated in Figure 6.  

 

 
Figure 6. Time series subsidence of five points of Urmia Lake 
Bridge for Ascending pass (A) and six points of Urmia Lake 

Bridge for descending pass (B) 

Central parts of the bridge have the most apparent 

subsidence, the annual subsidence rate exceeds 200 

mm, and the maximum cumulative subsidence reaches 

210 mm. However, the ground subsidence is relatively 

small and stable on both sides of the bridge. This 

study used data from the Urmia permanent GPS 

Station in the research area to compare GPS data with 

SBAS-InSAR processing products to evaluate the 

accuracy of SBAS-InSAR results based on Sentinel-

1A data. The results include the horizontal and vertical 
displacements for ascending and descending passes, 

presented in Figure 7. Figure 7 shows that the GPS 

data agree with the SBAS-InSAR processing results.  

B 

A 

A 

B 
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Figure 7. Comparison between SBAS InSAR- and GPS 

displacement time series of Urmia station (A) for horizontal 
directions in ascending pass, (B) vertical directions in ascending 
pass, (C) horizontal directions in descending the pass, and (D) 

vertical directions in descending pass 

Two spectral angle errors and standard 
deviation criteria between the two methods were 

calculated to compare the two mentioned methods, 

and the results are shown in Table 1. 

Table 1- Spectral angle error, standard deviation criteria between 
GPS results and SBAS InSAR results 
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SAM 

(Radian) 
0.5317 2.5912 0.5348 2.5701 

RMSE 

(Meter) 
0.0224 0.0218 0.0175 0.0453 

 

The initial results show that the SBAS-InSAR 

approach is in good agreement with the GPS data, and 

the research findings are highly trustworthy. Both 

satellite orbit and the topographical data, tending to 

decrease InSAR precision, maybe overprinted with 

artifacts due to temporal changes to atmospheric time 

delays and mistakes. The SBAS approach enables us 

to minimize the atmosphere, baseline, and other 

artifacts efficiently. By this factor, InSAR 

measurement represents an annual (average) 

interferogram rate, while GPS measurement represents 
deformation observations between two periods of 

time. Thus, InSAR data will differ from GPS for 

places where time variable displacements occur. 

 

3. Conclusion 

The present paper uses the SBAS-InSAR 

technique to examine ground subsidence in the Urmia 

Lake Bridge Using 42-science Sentinel-1A data in 

descending and ascending passes. The research area's 

average subsidence rate and phase deformation 

information were acquired from November 2014 to 

April 2021. Compared to GPS data in the study area, 

the results demonstrate the validity of the SBAS-

InSAR approach. According to SBAS-InSAR 

inversion results in the study area, ground subsidence 

will be severe on the bridge from 2014 to 2021. The 

highest total subsidence is 210 mm, and the yearly 
subsidence rate exceeds 200 mm. The deformation 

velocity surpasses 210 mm/year for descending pass 

and 91 mm/year for ascending the pass in the LOS 

direction. The main factors impacting surface 

deformation in Urmia Lake include overexploitation 

of groundwater and a decrease in rainfall, leading to 

an increase in the range and area of ground subsidence 

in the Urmia Lake Bridge. 

 
Figure 8. Flowchart data processing of SBAS 
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