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ABSTRACT:

This work shows two examples on the use of Sentinel-1 data for monitoring different natural processes, like active geohazards or 
glacier dynamics in the Patagonia region. Sentinel-1 is a two-satellite constellation, launched by the European Space Agency (ESA), 
that provides SAR imagery with interferometric capabilities. It is in operation since 2014 and has supposed a significant improvement
in the exploitation of these type of data for applications like natural hazards mapping and monitoring. The acquisition policy, that 
guarantees an acquisition each few days (12 days in Patagonia region) for both ascending and descending trajectories, and the data 
distribution policy, that allows free access to the images without legal constrains, are the main reasons for this improvement. These 
two aspects allowed not only to assure the data in the past but also to perform monitoring plans at medium-long term. In this work we 
show the potentialities of the use of these data in the Patagonia region through the application of two different techniques in two 
different application test sites: urban areas and glaciers.

1. INTRODUCTION

Since their appearance in the 80s, satellite Synthetic Aperture 
Radar (SAR) systems have been widely used for the study of 
natural processes like volcanic activity (Hooper et al. 2004,
Antonielli et al. 2014), landslides (Bovenga et al. 2012, Herrera 
et al. 2009), subsidences (Amelung et al. 1999, Biescas et al. 
2007) and glacier dynamics (Strozzi et al. 2002, Burgess et al. 
2013) or snow cover (Pettinato et al. 2012). The ability to observe 
independently of light and weather conditions together with a
relatively high spatial resolution makes SAR sensor a reliable 
tool for these type of applications.

The SAR data can be decomposed into two main components: 
the phase and the amplitude (Ferretti et al. 2007). The phase 
contains the information related to the sensor-target distance. It 
can be exploited by analyzing the phase changes between images 
acquired from different points of view or at different times. The 
technique that exploits these differences is named SAR 
interferometry (InSAR) and has been widely used for digital 
elevation model generation (Van Zyl 2001, Krieger et al. 2007) 
or terrain movement measurement and monitoring (Crosetto et 
al. 2016). It allows the detection and monitoring of slow ground
movements, up to millimeter order. The main reason is because 
it measures changes comparable to the wavelength. The main 
applications have been related to different geological processes 
such as landslides, subsidence’s or volcanic activity or 
earthquakes (Notti et al. 2014, �������	
 et al. 2011, Lundgren 
et al. 2004, Massonnet and Feigl 1998).

The amplitude component measures how strong the sensor 
receives the echo of the illuminated target. It mainly depends on 
the physical characteristics of the target like orientation or 
rugosity (Ferretti et al. 2007). The amplitude data has been 
applied for classical fields of remote sensing like land cover 
mapping (Waske et al. 2009), soil moisture (Moran et al. 2000), 
flood mapping (Brivio et al. 2002), archaeology (Conesa et al. 
2014) but also for fields like landslide mapping (Mondini et al. 
2019). Several works in the literature show applications of the 
amplitude to measure displacements through offset tracking 
techniques (Singleton et al. 2014). The application of offset 

tracking allows to perform both quantitative and qualitative 
analysis of the dynamics of different objects such as glaciers
(Strozzi et al. 2002) or landslides (Singleton et al. 2014).

Despite the high potentialities of SAR data for geohazard and 
glacier monitoring, its use has been mainly limited to scientific 
purposes. This has been mainly due to the lack of acquisition 
plans that resulted in a limited coverage with enough temporal 
sampling. This made difficult the development of operational 
applications like long term monitoring plans. Moreover, the 
distribution policies, which usually has been accompanied by a
commercial exploitation of the images, has also hindered its 
application when compared with more consolidated techniques 
like GPS. This has significantly changed with the appearance on 
stage of the Sentinel-1 (A and B) constellation of the European 
space agency (ESA) (Torres et al. 2012). Sentinel-1 has changed 
both the acquisition plan and the distribution policy. The 
guarantee of a worldwide coverage with a revisiting time 
between 6 and 24 days (12 days in Patagonia) and the free access 
to the data allowed the generation of operational tools and plans 
for relatively mapping and monitoring natural processes
(Gonzalez et al. 2015, Barra et al. 2016, Barra et al. 2017, Raspini 
et al. 2018). This work aims to show the potentialities of Sentinel-
1 for mapping and monitoring natural processes in Patagonia 
region. This is shown by describing the results obtained over two 
areas of the region: The Punta Arenas city where the ground 
displacements are measured; and the Shoutern Patagonia Icefield
site where the displacements of three glaciers are measured. 

The paper is organized in two main sections that briefly address 
the used data, the methodology and the results of each test site. 
Then it closes with some conclusions.

2. SENTINEL-1 SAR INTERFEROMETRY FOR 
MAPPING AND MONITORING SLOW MOVEMENTS:

THE PUNTA ARENAS TEST SITE

In the last decades Differential SAR interferometry (DInSAR) 
has been widely used for ground displacement measurement. The 
displacements are measured by exploiting the phase differences 
between SAR images acquired on the same area at different 
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times. The interferometric phase is characterized by the 
following equation:

�� = ����� + ��	�	 + �
�� + �
	��� + 2 � � � � (1)

where �� is the interferometric phase (observation), ����� is the 
contribution of the displacement to the phase, ��	�	 is the 
contribution of the terrain topography to the phase. It is due to 
the different points of view of the satellite at the two acquisition 
times. Its main contribution is removed by using a DTM of the 
measured area. However, it is a remaining component due to the 
DTM errors ���	�	 that must be estimated. �
	��� is the phase 
change due to physical changes of the measured object. Finally 
the term 2 � � � � is related to the number of wave cycles that the 
emitted signal does in the sensor-target-sensor path. The 
estimation of the k is done relatively to a given reference. The 
estimation process is named phase unwrapping. The estimation 
of displacements consists in discriminating the displacement 
component from the other together with the estimation of the k
number (Devanthery et al. 2014).

The  ����� can be sometimes directly derived from a single 
interferogram (Massonet and Feigl 1998). However, this only 
happens when the displacement component is at least one order 
of magnitude bigger than the others. When this not happens, it is
needed the use of stack of interferograms, estimation methods 
and spatio-temporal filters to properly discriminate the 
displacement component from the others. In the literature can be 
found several approaches that deals with this problem (Ferretti et 
al. 2000, Lanari et al. 2004,). Crosetto et al. 2016 provides an 
extensive review of the existing approaches.

From the technical point of view, Sentinel-1 has supposed a step 
forward in the displacement estimation capabilities. The fact of 
having images each 6-12 days has provided a significant 
reduction of the influence of �
	��� in some areas where it was
not possible to measure with the “old” SAR satellites. Moreover, 
the combination of short temporal baselines and medium size 
wavelength (5.66 cm) allowed the detection and measurement of 
relatively fast displacements with interesting applications to 
landslide mapping (Barra et al. 2016 and Raspini et al 2018) or 
glacier inventorying (Villarroel et al. 2018). Figure 1 shows an 
example of amplitude image (A) and a 12 days interferogram (B)
over the area of Punta Arenas. It can be observed the low level of 
noise in the phase including natural areas. 

2.1 Dataset and used approach

In this work we applied an approach based on the PSIG technique 
(Devanthéry et al. 2014) to process the metropolitan area of Punta 
Arenas (red rectangle in Figure 1 A). For this purpose, 89 IW-
SLC Sentinel-1 images acquired in ascending trajectory have 
been used. The covered period ranges from December 2014 to 
July 2019. The procedure is described here below:

- Selection of Persistent Scatterers (PS) candidates: The PS 
candidates has been selected by using the dispersion of 
amplitude (DA) (Ferretti et al. 2007). The DA threshold is 
0.3. The threshold was selected as a trade-off between phase 
noise and coverage. The number of PS-candidates is 63828.

- PS height estimation: in this step is estimated the ���	�	. The 
estimation method is the periodogram (Ferretti et al. 2000). 
The input data were 88 interferograms calculated from 
consecutive images (89). Only those point with temporal 
coherence higher than 0.5 were selected (PSs here in 
advance). Again the threshold responds to a trade-off 
between noise and coverage.

Figure 1. (A) Amplitude image of the Punta Arenas area. (B) 
12-day interferogram.

- Removal of the PS Height: the estimated ���	�	 is removed 
from the original interferograms. This step is done in order to 
minimize the effects of the topographic error, smoothing the 
interferometric phase and easing the phase unwrapping. 

- Displacement time series estimation: this step includes the 
phase unwrapping and the atmospheric phase component 
removal (APS). The phase unwrapping is done by using the 
2+1D phase unwrapping approach described in Devanthery 
et al. 2014. In this context, the use of Sentinel-1 allows to 
obtain redundant networks of interferograms with short 
temporal baselines. This helps to avoid phase unwrapping 
errors due to relatively fast displacements. Then after, the 
APS is removed using spatio-temporal filters (Ferretti et al. 
2000). The result of this step is, for each selected point, the 
displacement time series in mm.

- Velocity estimation and geocoding: for each PS is estimated 
the displacement velocity in mm/yr by using a robust linear 
regression and the time series. Finally, the PS is geocoded, 
i.e. its ground coordinates are obtained. 

2.2 Results

Figure 2 shows the obtained displacement velocity map 
superimposed to a google image. The total number of measured 
points is 59418. The standard deviation, taking into account all 
the measured points, is 1.24 mm/yr. However, if we focus in the 
city centre we obtain a standard deviation of 0.7 mm/yr. The 
stability threshold has been fixed as ±3 mm/yr that is 
approximately 2.5 times the standard deviation. This is a standard 
threshold to avoid potential false deformation due to spurious 
points in wide areas (Barra et al. 2017). 97% of the points are 
below the stability threshold, i.e. they are stable.
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Some displacement areas can be observed in Figure 2. The 
maximum displacement velocity is 20 mm/yr and is located in 
the square A of Figure 2. Figure 3 shows a zoom on this area. It 
corresponds to a residential area built up at the start of this 
century. Figure 3 shows also the displacement time series 
obtained as an average of the points located in the displacement 
area (orange) and of the ones framed in the figure and without 
movement (green). It can be seen that the movement is almost 
linear. It accumulates up to 90 mm of displacement. In this case, 
the movement can be explained by a settlement process. 

A second example is shown in Figure 4. In this case again the 
movements could be explained by settlement process given that 
the area affected by displacements has grown in the last 10 years. 
It can be seen also that the temporal series are slightly noisier 
than in the Figure 3. 

Figure 3. Example of displacement area and time series.

Figure 4. Example of displacement area and time series.

.
3. SENTINEL-1 AMPLITUDE FOR MAPPING AND

GLACIER DISPLACEMENTS

This section shows the potentialities of exploiting the Sentinel-1
amplitude to map the displacements of glaciers in remote regions.
The used technique is the offset-tracking. It is a well-known 
technique widely used for displacement measurement. Examples 
of application can be found in Strozzi et al. 2002 and Singleton 
et al. 2014. It consists on the exploitation of the cross-correlation 
between two SAR amplitude images (Ferretti et al. 2007) to 
estimate the displacements (Monserrat et al. 2013). It can be 
applied in two different ways: (i) by co-registering two images 
and obtaining the displacement information from the co-
registration residuals or (ii) by applying the cross-correlation to
already co-registered images in order to estimate the offsets in 

Figure 2. Displacement velocity map of Punta Arenas. 
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the displacement areas. In this work we use the second approach. 
The main steps are:

- Image downloading and precise orbit extraction.
- Co-registration of the amplitude images: this step consists on 

resampling both images in the way of that the same pixel 
coordinates represent the same footprint on the floor. For this 
purpose, are used the precise orbits provided by ESA
(aux.sentinel1.eo.esa.int). The alignment of the Sentinel-1
images is done using the position of the satellite and therefore, 
without the influence of movements. This is important when 
we work in local areas or areas where there are not stable 
points. Finally, it is worth noting that, in the case of Sentinel-1
data, the precise orbits are good enough to provide a sub-pixel 
level co-registration.

- Offset-estimation on the co-registered images: in this step we 
apply the cross-correlation on the already co-registered images. 
All the measured offsets with cross-correlation higher than a 
given threshold are considered movements. The cross-
correlation is estimated on a window (Monserrat et al. 2013).
In this work the window size for cross-correlation estimation is 
32 pixels and the selected oversampling is 64. 

3.1 Dataset and Results

We applied the approach to a pair of Sentinel-1 IW SLC images 
acquired the 14th of January and the 7th February of 2019. The 
selected area is located in the southern part of “Campo de Hielo 
Sur” and includes both the Amalia, Asia and Grey glaciers. 
Figure 5 shows the result obtained. The selected points have 
cross-correlation higher than 0.5. The standard deviation of the 
whole dataset is 2.4 m. This value can be set as sensitivity 
threshold. We can observe, in the three glaciers, displacements 
up to 15 meters in 24 days. This is equivalent to 0.63 md-1. In 
particular, in the Grey glacier, this number is sensible smaller 
than the one measured for a similar period in 2015 and in the 
same area by Schwalbe et al. 2017 which was around 1.6 md-1.
Further analysis is required to interpret this change as something 
relevant or not. Figures 6 and 7 show a zoom over the Amalia 
glacier and the Asia glacier. The arrows show the direction of the 
displacements. What we can observe in both figures is that the 
main displacements are measured in those areas where can be 
observed geometrical features. This is one of the limitations of 
the approach, it requires of geometric information in the images 

to get good correlation and therefore to be capable to estimate the 
displacements. In any case, the obtained results are in agreement 
with the displacements measurable by eye inspection of the 
images. 

It is worth noting that the shown example covers a small portion 
of a whole Sentinel-1 image (around the 10% of the image). 
However, the key point, is that it can be applied at a regional level 
in all the Shoutern Patagonia Ice field and in a systematic way 
each 12 days, providing a new source of knowledge about the 
glacier dynamics changes at both short and medium term. 

Figure 6. Amalia glacier displacement map.

Figure 7. Asia glacier displacement map.

Figure 5. Displacement map superimposed to a geocoded amplitude and an optical image of Google Earth.
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4. DISCUSION AND CONCLUSION

In this work are shown two examples of application of Sentinel-
1 imagery for displacement monitoring in Patagonia region. Both 
examples are used to illustrate how well and consolidated 
techniques as SAR interferometry and offset tracking can be used 
with Sentinel-1 imagery to provide key information for 
displacement measurement and monitoring. 

The example of Punta Arenas provides a displacement map that 
shows the main active areas in the Punta Arenas metropolitan 
area.  Compared to old sensors, Sentinel-1 provides the capability 
to periodically update these types of maps providing not only 
inputs on terms of past information but also key inputs for urban 
planning, geohazard prevention and restoration activities.

The Shoutern Patagonia Icefield glacier example demonstrates 
the capabilities of using Sentinel-1 amplitude images to measure 
displacements. Even though this type of analysis provides lower 
precision compared to phase results, it is not affected by aliasing 
errors and therefore can measure very fast displacements 
(m/day). Moreover, taking into account that the Sentinel-1
precise orbits are good enough the achieve sub-pixel precision in 
the images co-registration, the offset tracking method provides 
absolute displacements which can be useful in situations where 
all the area is prone to displacements. Last, but not least, the 
acquisition policy, that assures one images each 12 days in that 
region, allows the systematic application of such approach 
providing key information about the glacier dynamics evolution. 
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