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Abstract 

 

Persistent Scatterer Interferometry (PSI) analysis of Sentinel-1 time series was carried out to detect ground subsidence 

in the city of Recife, Brazil. The dataset consisted of sixty-eight Sentinel-1A Interferometric Wide (IW) Single Look 

Complex (SLC) images of the time period April 2017 – September 2019. The images were acquired in descending 

orbit in VV (vertical transmitting, vertical receiving) polarization. The results of the PSI analysis show that in the city 

of Recife occur several ground subsidence areas. The largest ground subsidence area occurs between the 

neighborhoods of Afogados, Torrŏes and Cordeiro. The subsidence rates in this area range from few mm/year up to -15 

mm/year. This ground subsidence could be a result of groundwater extraction or of subsidence processes in urbanized 

reclaimed lands. Similar but smaller ground subsidence areas occur in several localities in Recife. In some cases, 

subsidence with rates of up to -25 mm/year is noted in small zones where new buildings have been constructed in the 

last decade. This should be due to ground settlement processes, taking a long time due to the particular soils and 

geology of the locality. This study can serve as a first contribution for further research on the ground subsidence hazard 

in the city of Recife and the surrounding areas by means of satellite radar imagery.  
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1. Introduction 

 

The city of Recife is the capital of the state of 

Pernambuco in Brazil. Recife is built on the estuarine 

area of Capibaribe River (Figure 1). Recife has been 

developed through the last five centuries, with large 

areas of land reclamation from stream reaches, wetland 

and mangroves (Cabral et al., 2008). The rapid urban 

development in the last fifty years has put pressure on 

the groundwater resources of the area. To address the 

necessity of a sustainable management of the 

groundwater resources the municipality of Recife has 

enforced regulations on groundwater pumping and the 

use of old and new wells (Costa et al., 1998). The 

excessive groundwater exploitation especially during 

drought periods creates both actual and potential 

problems of lowering groundwater levels, water quality 

degradation, salinization and risk of land subsidence 

(Cabral et al., 2008). The rapid urban development on 

an estuarine area and the lowering of the groundwater 

table are both factors that can cause ground subsidence 

(e.g., Cui, 2018). 

The Sentinel-1 Synthetic Aperture Radar 

(SAR) mission of the European Space Agency (ESA) 

has brought new possibilities for the application of 

satellite radar imagery to geosciences (e.g., Sowter et 

al., 2016; Yagüe-Martínez et al., 2016; Zhou et al., 

2017; Budillon et al., 2018; Kalia, 2018; Bedini, 2019; 

Delgado Blasco et al., 2019). It consists of identical 

sensors mounted on the Sentinel-1A satellite (launched 

into orbit in April 2014), and on the Sentinel 1B 

satellite (launched into orbit in April 2016) that record 

C-band (5.3 cm) SAR imagery (Torres et al., 2012). 

The revisiting time of an area is twelve days for each 

satellite. The Persistent Scatterer Interferometry (PSI) 

analyses of time-series of SAR images (Ferretti et al., 

2001) provides millimeter-scale detection of the 

ground motion. The use of the time-series of SAR 

images is an important source of information for the 

detection, mapping and monitoring of ground 

subsidence, especially in the urban areas (e.g., Chen et 

al., 2012; Notti et al., 2016; Zhou et al., 2017; Budillon 

et al., 2018; Bedini, 2019; Crosetto et al., 2019).  

http://www.periodicos.ufpe.br/revistas/jhrs
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Figure 1- The Recife study area (white color rectangle) plotted onto Google Earth

TM
 imagery. The dashed white line 

shows boundaries between municipalities.  

 

Several studies have considered the ground 

subsidence hazard in the city of Recife (e.g., Costa et 

al., 2005; Luna et al., 2017; Coelho et al., 2018). 

However, there have not been reported studies on the 

use of the radar interferometry for ground subsidence 

detection in the city of Recife. This paper reports on 

the use of the Persistent Scatterer Interferometry (PSI) 

analysis of multi-temporal Sentinel-1 SAR images of 

the time period April 2017 – September 2019 to detect 

ground subsidence in the city of Recife, Brazil (Figure 

1). The study area consists of 11 x 18 km. This study 

can serve as a first contribution for further research on 

the ground subsidence hazard in the city of Recife and 

the surrounding areas by means of satellite radar 

imagery.  

 

2. Materials and methods 

 

The Sentinel-1 Single-Look Complex (SLC) 

SAR images are recorded using the Terrain 

Observation by Progressive Scans (TOPSAR) 

acquisition technology (Zan and Guarnieri, 2006). The 

Interferometric Wide swath mode (IW) is the standard 

mode of Sentinel-1 data acquisition.  The TOPSAR 

technology produces SAR image data in sub-swaths. 

Within the sub-swath, the Sentinel-1 IW images are 

acquired by recording subsets of echoes of the SAR 

aperture, which are called bursts (e.g., Yagüe-Martínez 

et al., 2016). The Sentinel-1 IW images have a ground 

resolution of 5 m × 20 m, and a swath of 250 km.  

The Persistent Scatterer Interferometry (PSI), 

(Ferretti et al., 2001) is based on the Differential 

Interferometric Synthetic Aperture Radar (DInSAR) 

technique (e.g., Hanssen, 2001). The DInSAR uses the 

radar phase (φ) of at least two SAR images of the same 

area, to form an interferometric pair (Crosetto et al., 

2016). The change in the radar phase (φ) at ground 

target P, between the two measurements, unexplained 

from other factors (sensor position at times t1 and t2, 

noise, atmosphere, topography), is due to ground 

displacement (φDispl) (Figure 2). The DInSAR 

technique (e.g., Hanssen, 2001) has found applications 

in the fields of seismology, volcanology, glaciology, 

landslides, ground subsidence and uplift, etc. (e.g., 

Crosetto et al., 2016). In order to achieve millimeter-

scale detection of the ground deformation, the PSI 

analyzes a time series of SAR images (Ferretti et al., 

2001) using the DInSAR technique. The large number 

of the analyzed SAR images reduces the effects of the 

sensor noise and atmospheric distortion to the phase 

component. 
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Figure 2- Schematic representation of the DInSAR basic concept. The phase difference of two radar measurements T1 

and T2 of a ground target P, recorded at time t1 and t2, due to a subsidence occurring within this time period at the 

ground target from position P(t1) to position P(t2) (modified from Sousa and Bastos, 2013).  

 

   
Figure 3- Geocoded Sentinel-1 image of the Recife study area, Brazil. 

 

The Recife time series of radar imagery 

analyzed in this study consists of 68 Sentinel-1A IW 

images of the time period of April 2017 – September 

2019, acquired in descending orbit 9 in VV (vertical 

transmitting, vertical receiving) polarization. The 

Sentinel-1A VV SLC images were initially de-bursted, 

and spatially subsetted to the extent of the Recife study 

area (Figures 1, 3). One of the images of the 
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interferometric stack recorded on June 23, 2018 was 

selected as the master image. The other images were 

coregistered to the master image. A time-position plot 

of the Sentinel-1A images in relation to the master 

image is shown in Figure 4.  

Subsequently, the differential interferograms 

were formed between the master and each of the other 

images. A Digital Elevation Model (DEM) from the 

SRTM mission with spatial resolution of 

approximately 30 m was used to flatten the 

interferograms. The resulting flattened interferograms 

were used as input to an inversion process to find 

coherent Persistent Scatterers (PS). Amplitude-based 

methods (Ferretti et al., 2001) analyze interferograms 

on a pixel-by-pixel basis to identify reliable PS in 

urban terrain (Lauknes et al., 2010). At these PS 

locations is estimated the ground deformation, as a 

displacement of the ground in relation to the sensor, or 

projected as vertical displacement.  

 

 
Figure 4- Graph showing the temporal and the relative position of the master image (recorded on June 23, 2018) and 

the other Sentinel-1A 67 images of the time period April 2017 – September 2019, used to carry out the PSI analysis of 

the Recife study area. 

 

3. Results and discussion 

 

The results of the PSI analysis for the city of 

Recife are shown in Figure 5. The PSI analysis of the 

Sentinel-1 data of the time period April 2017 – 

September 2019 indicates the occurrence of ground 

subsidence in several areas. The largest area of ground 

subsidence with subsidence rates from few mm/year to 

-15 mm/year occurs between the neighborhoods of 

Afogados, Torrŏes and Cordeiro (Figures 5-7). The 

ground subsidence in this area of Recife could be due 

to groundwater extraction or due to subsidence 

processes in reclaimed lands. Another similar but 

smaller ground subsidence area is shown in Figure 8. 

 Previous reported studies that have considered 

ground subsidence in Recife have used geodetic 

techniques and focused in relatively small areas along 

the coast. In a study using geodetic measurements it is 

indicated a subsidence of -0.68 mm/year in the Boa 

Viagem neighborhood of Recife (Luna et al., 2017). 

Such low rates of subsidence may not be detectable by 

the PSI analysis of radar imagery due to noise in the 

data.  

In the study area it is also detected ground 

sinking (with rates of up to -25 mm/year) related with 

the construction of new buildings, a phenomenon 

called ground settlement in engineering geology (e.g., 

Waltham, 2009). Due to the particular geological and 

soil conditions of the Recife territory (estuarine area, 

reclaimed lands), the ground settlement may take long 

time from several to many years. For example, a small 

zone of ground settlement with very high rates (up to -

22 mm/year) it is detected by the PSI analysis in the 

southern part of the image, in the territory of the 

neighboring municipality Jaboatão dos Guararapes 

(Figure 9). The ground settlement phenomenon occurs 

in the area of new buildings that were still under 

construction in 2009 (Figure 10).  
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Figure 5- Results of PSI analysis of the Sentinel-1 time series of April 2017 – September 2019 of the Recife study area. 

The vertical ground displacement rates are shown as velocity in mm/year.   

 

 
Figure 6- Large area of subsidence in Recife as detected by the PSI analysis of Sentinel-1 data of the time period April 

2017 – September 2019. The vertical ground displacement rates are shown as velocity in mm/year. For the location see 

Figure 5. The background is from Google Earth
TM

. The location of several major neighborhoods of the area are also 

indicated onto the map. 
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Figure 7- Close view of persistent scatterers indicating subsidence in an area of Recife. The ground displacement rates 

are in mm/year. For the location see Figure 6. The background is from Google Earth
TM

. 

 

 
Figure 8- Close view of persistent scatterers showing subsidence in an area of Recife. The ground displacement rates 

are in mm/year. For the location see Figure 5. The background is from Google Earth
TM

. 
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Figure 9- Close view of the PSI results in an area within Jaboatão dos Guararapes municipality showing ground 

settlement of up to -22 mm/year of the new buildings. For the location see Figure 5. The background is from Google 

Earth
TM

 image of July 2019. 

 

 
Figure 10- The same area as in Figure 9, in a Google Earth

TM
 image of November 2009. Note that in 2009 the area is in 

development and the buildings showing ground settlement in Figure 9 are still in construction. 
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4. Conclusions 

 

This study used PSI analysis of 68 Sentinel-1 

SLC images acquired in the time period April 2017 – 

September 2019 to detect ground subsidence in the city 

of Recife. In the city of Recife it was noted a large 

ground subsidence area between the neighborhoods of 

Afogados, Torrŏes and Cordeiro. This ground 

subsidence with rates from few mm/year up to -15 

mm/year could be related with groundwater extraction 

or with subsidence processes in rapidly urbanized lands 

due to the particular geology and soils of the area. 

Similar smaller ground subsidence zones occur in 

several localities in the Recife study area. In some 

cases the excessive sinking of the ground with rates up 

to -25 mm/year occurs in small areas where new 

buildings have been constructed in the last ten years. 

This should be due to ground settlement processes, 

which take a longer time than usual due to particular 

soils and geology of the locality. This study can serve 

as a first contribution for further research on the ground 

subsidence hazard in the city of Recife by means of 

satellite radar imagery. Further monitoring of the 

ground subsidence in the city of Recife is necessary. 
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