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Abstract The recent Sentinel-1 mission, started by the

European Space Agency in April 2014, provides the scien-

tific community with new capabilities for the monitoring of

the Earth surface. In particular, the Terrain Observation by

Progressive Scans imaging technique used in the Interfero-

metric Wide swath acquisition mode permits to acquire data

over very wide areas (250 km of swath extension) at 20-m

spatial resolution, with 12-day revisit time, making it suit-

able for ground displacement monitoring applications. With

more than 1 year of synthetic aperture radar images avail-

able, it is now possible to carry out monitoring activities of

slow moving phenomena such as landslides at both regional

and local scales. In this work, the potential of Sentinel-1A

for the monitoring of shallow (from 2 to 6 m of depth)

landslides occurring in the North-Eastern Italian Pre-Alps

was tested. Two stacks of Sentinel-1A scenes acquired in

both ascending and descending orbits were processed using

the Permanent Scatterer Interferometry (PSI) technique. The

results, analysed in terms of PS density and quality, were

compared with the ERS-1/2 and ENVISAT PSI database

available from the Italian National Cartographic Portal to

assess the capabilities of Sentinel-1A in detecting and

monitoring landslides in respect to the previous satellite

missions. The results of this work show the great potential of

Sentinel-1A in the continuous monitoring of landslide-prone

territories even at local scale. The achievable results can

provide information that is useful to delineate the spatial and

temporal evolution of landslides and precisely assess their

rates of deformation.

Keywords Sentinel-1 � DInSAR � Landslide � Persistent
scatterer � Time series

Introduction

In the last years, Advanced Differential Synthetic Aperture

Radar Interferometry (A-DInSAR) techniques have been

widely used to detect, monitor and characterize displace-

ments triggered by natural processes such as subsidence

(Tomás et al. 2014), earthquakes (Wright et al. 2006),

deflation and inflation of volcanoes (Biggs et al. 2009) and

slope movements (Wasowski and Bovenga 2014). In the

case of landslides, the results obtained from A-DInSAR

analyses are often not completely satisfying (Cascini et al.

2010). The reasons are to be found in both the technique

and in the deformation process itself. On the one hand, the

geometry of acquisition of the space-borne SAR sensors

coupled with the topography of the area of interest causes

shadowing effects and geometric distortions (i.e. fore-

shortening and overlay); on the other hand, the typology of

the investigated landslide, in terms of slope, aspect, activity

and the presence of vegetation, decorrelates the signal
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between the acquisitions (Chaabane et al. 2005; Colesanti

and Wasowsky 2006; Wasowski and Bovenga 2014;

Wasowski et al. 2012). To tackle some of these limitations,

the exploitation of data set acquired by missions with more

suited wavelengths and shorter revisiting time has been

proposed (Tosi et al. 2016; Wasowski and Bovenga 2014).

Furthermore, to detect and monitor landslides occurring

over vegetated areas or to measure large displacement rates

and ignore phase decorrelation, other algorithms based on

the amplitude offset tracking were developed (Casu et al.

2011; Manconi et al. 2014; Michel and Avouac 1999;

Singleton et al. 2014).

The Sentinel-1A mission, operated by European Space

Agency (ESA) since April 2014, provides the scientific

community with improved capabilities for the quasi-con-

tinuous monitoring of the Earth surface. The Terrain

Observation by Progressive Scans (TOPS) imaging tech-

nique, used in the Interferometric Wide swath (IW)

acquisition mode, permits to generate SAR images over

very wide areas (250 km swath dimension) at 20-m spatial

resolution, with 12-day of revisiting time. Since April

2016, the launch of the twin satellite Sentinel-1B enhanced

this temporal sampling capability by reducing the revisiting

time to 6 days. With these increased interferometry-ori-

ented design capabilities, the Sentinel-1 mission represents

a very promising tool for ground displacement monitoring

applications and at present, with almost 2 years of data

acquisition, it is possible to carry out A-DInSAR analyses

of landslides at both regional and local scales. Some

authors have already successfully tested the potential of

Sentinel-1A data in updating landslide inventory maps and

monitoring landslide activity (Barra et al. 2016; Crosetto

et al. 2016; Lazecky et al. 2016; Wasowski et al. 2016).

Even if different methods to assess the a priori effective-

ness of interferometric techniques have been proposed

(Cascini et al. 2009; Colombo et al. 2006; Plank et al.

2012, 2013), additional tests in different geo-environmen-

tal scenarios are needed, because the quality of the results,

in particular for landslide analyses purposes, depends on

several factors related to the geo-environmental features of

the area under investigation and to the processing tech-

nique (Hanssen 2005; Mahapatra et al. 2012), which can

limit the reproducibility of the interferometric results in

different areas (Wasowski and Bovenga 2014).

In this work, the potential of Sentinel-1A acquisitions to

detect and monitor landslide phenomena affecting a den-

sely vegetated area located in the North-Eastern Italian Pre-

Alps is tested. More than 40 images acquired from

ascending and descending orbits were processed using the

Persistent Scatterer Interferometry (PSI) technique (Ferretti

et al. 2001). The results were compared with the ERS-1/2

and ENVISAT PSI database available from the Italian

National Cartographic Portal (http://www.pcn.

minambiente.it). The quality of the outcomes was assessed

in terms of persistent reflectors density and measurement

accuracy (Colesanti and Wasowsky 2006) over the entire

study area; in particular, the observations on two specific

active slopes are reported and discussed. The strengths and

weaknesses of the Sentinel-1A TOPS mode interferometry

emerged during this study were likewise pointed out.

Study area

The Municipality of Trissino covers an area of about

22 km2 in the Province of Vicenza (Veneto Region, Italian

Pre-Alps, NE Italy) (Fig. 1). The Municipality of Trissino

covers an area of about 22 km2 in the Province of Vicenza

(Veneto Region, Italian Pre-Alps, NE Italy) (Fig. 1). The

territory is characterized by hillslope morphologies with

elevations ranging from 800 m a.s.l. (West) to 100 m a.s.l.

(South). The geology of the area (Fig. 1), typical of the

eastern Lessini Mountains, is characterized by widespread

Palaeocene, Middle Eocene and Oligocene volcanic

activity and by the deposition of shallow water carbonates

(McCann 2008). The Upper Palaeocene is characterized by

the deposition of volcanic rocks (basalts, hyaloclastites and

volcanoclastites) intercalated with marine carbonate

deposits (Beccaro et al. 2001). The Lower Eocene sedi-

ments consist of thin and discontinuous marly limestones

(Garavello and Ungaro 1996). High volumes of basaltic

rocks originated during the volcanic activity of the Middle

Eocene. In the Upper Eocene, marls and calcarenites star-

ted to deposit with increasing sedimentation rates until the

Upper Oligocene. The volcanic formations are generally

covered by Quaternary eluvial and colluvial deposits

originated from the alteration of the bedrock.

The entire area is affected by a large number of different

ground instabilities (Fig. 2), which have been detected and

classified according to Cruden and Varnes (1996) com-

bining the information provided by the Italian Landslide

Inventory (IFFI) archive compiled in 2008 and the geo-

morphological map produced by the 2013 Italian Territory

Development Plan (PAT) project. This information was

updated through the analysis and interpretation of the

available aerial photographs and orthophotos acquired

from 1954 to 2010. A total of 64 landslides, affecting the

18% of the Municipality of Trissino, have been reported

and classified by three main types of movement (Fig. 2):

earth flow, roto/translational slide and complex. Such

instabilities are generally triggered by intense rain events

as occurred in November 2010, when an exceptional event

(up to 500 mm of cumulated rainfall in 3 days) hit the

Vicenza Province and the entire NE Italy causing several

floods and triggering a very large number of mass move-

ments. During the floods, the Soil Protection Division of
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the Vicenza Province received more than 500 warnings of

instability phenomena (Floris et al. 2012) and in the

Municipality of Trissino the activation of 12 landslides

were documented (Fig. 2).

Mass movements generally involve the debris coverage

or the terrain up to a maximum depth of 8 m and occur

mainly between 250 and 400 m a.s.l. in the central section

of the study area and between 450 and 600 m a.s.l. in the

western section. Most of the landslides occur along the N-S

and E direction, while only few along the W direction. The

average velocity of movement that characterize the insta-

bilities over large areas is generally below 10 mm/year,

while smaller landslides generally occur suddenly with no

warning signs. Even if these slope instabilities are not very

large, they often occur near the urbanized areas damaging

the buildings and the infrastructure, in particular the road

network, and causing significant disruptions of daily life

and high economic losses (Fig. 3). Landslides prevention

and control works such as the installation of drainage

systems were carried in the most critical areas and are

constantly monitored by the local authorities.

Methods

The Sentinel-1A data sets processed in this study consist of

46 scenes acquired from 12/2014 to 09/2016 with

descending orbit number 95 and 42 scene acquired from

03/2015 to 09/2016 with ascending orbit number 117. The

ground resolution achievable with the Sentinel-1A C-band

sensor is around 20 m 9 20 m applying a multi-look factor

of 5 in range and 1 in azimuth. In order to reduce pro-

cessing time, save disk space and, at the same time, to

produce results that can be easily managed in a geographic

information system (GIS) environment for the post-pro-

cessing analyses, the acquisitions were resized to com-

prehend exclusively the study area (the Municipality of

Trissino). The processing of the available images has been

carried out through the PSI technique using the Precise

Orbit Ephemerides (POE) orbit files (data available from

ESA at: qc.sentinel1.eo.esa.int/aux_poeorb) to reduce the

errors related to the satellite orbit inaccuracies. The main

steps of the processing can be synthesized as follows: (1)

first, the images are connected to create a network of

Fig. 1 Location of the study area and lithological map of the Municipality of Trissino (modified from ISPRA 2016)

Environ Earth Sci (2017) 76:492 Page 3 of 13 492

123



Fig. 2 Main landslides mapped within the study area. The blue dots are the location of the landslides occurred after the November 2010

exceptional rainfall event

Fig. 3 Typical landslides occurring in the study area: a earth flow, b rotational slide/flow. In evidence the damage to the road network
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master and slave pairs, using a single master image

(Fig. 4); (2) the images are coregistered onto the master

acquisition and the coherence image, and the interfero-

grams and the related intensity images are generated. The

interferograms are then flattened removing the constant

phase (due to the acquisition geometry) and the topo-

graphic phase. For the latter, the February 2000 Shuttle

Radar Topography Mission (SRTM) Digital Elevation

Model (DEM) (Rabus et al. 2003; USGS 2006) with 30-m

pixel size was used; (3) the phase-height pair-by-pair

proportionality factors are estimated and removed from the

flattened interferograms. The Persistent Scatterers (PS)

candidates are then generated, and the displacement

information (i.e. velocity) is estimated using the linear

model:

Disp ¼ V � t � t0ð Þ

where Disp is the displacement at time t and V is the dis-

placement velocity; (4) the spatial and temporal variations

related to the atmospheric phase are estimated and sub-

tracted from the interferograms in order to calculate the

final displacements. The atmospheric correction is per-

formed applying two filtering methods: the low-pass fil-

tering, which accounts for the spatial distribution of the

atmospheric variations and is implemented by using a

square window of 1200 m; and the high-pass filter, which

accounts for the temporal distribution of the atmospheric

variations and uses a temporal window of 365 days. The

PS candidates are then selected considering the coherence

value, which identifies the level of backscattering that the

targets on the ground maintain between two consecutive

acquisitions. In this case, the coherence threshold was set

to 0.80; (5) finally, all PS candidates are projected onto the

adopted geographic coordinate system (GCS) WGS84. To

improve results quality, the PS candidates can be further

filtered in this step considering the amplitude dispersion

index (l/r), which represents the ratio between the average

SAR intensity (l) and the standard deviation (r). In this

case, the adopted threshold was 3.2.

The obtained results were compared with the ERS-1/2

and ENVISAT PSI database available from the National

Cartographic Portal (PCN) that were produced in the

framework of the Special Remote Sensing Environment

Plan, promoted by the Italian Ministry of Environment.

Within the study area, the PSI results obtained from the

following data sets were available: 79 descending ERS-1/2

images (04/1992–11/2000); 29 ascending ERS-1/2 images,

(05/1992–06/2000); 34 descending ENVISAT images (01/

2003–06/2010); and 34 ascending ENVISAT images, (12/

2003–07/2010).

Results

The results obtained from the PSI analysis applied to the

Sentinel-1A images are reported in terms of mean linear

displacement velocity along the sensor line of sight (LOS)

in Fig. 5. Positive values are colour coded in blue and refer

to natural radar targets (the PS) moving towards the

satellite, while negative values (in red) testify a displace-

ment far from the satellite. Although the selected param-

eters were quite restrictive, 6203 PS candidates were

generated with the descending data set, and 5855 with the

ascending one. PSI analysis detects several areas affected

by displacements, in particular in the north-west and the

central sections of the Trissino Municipality. The range of

the displacement velocities is generally low, with rates

ranging from 2 to 7 mm/year, values that are in accordance

Fig. 4 Connection network between master (yellow dot) and slaves (black dots) images obtained from a 46 Sentinel-1A descending scenes and

b 42 ascending scenes
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Fig. 5 LOS velocity maps obtained from descending a and ascending b Sentinel-1A data processing. White boxes indicate the specific

unstable slopes reported in Figs. 6 and 7
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with the type of instabilities affecting the area. As it can be

noticed from Fig. 5, most of the small urban agglomerates

in the area are recording deformation patterns as conse-

quence of the mobilization of the weak deposits triggered

by intense rainfall. The use of images acquired in

descending and ascending orbits permits a better charac-

terization of the prevalent direction of the displacements

allowing us to assess the components of plano-altimetric

change. Furthermore, since the backscattering properties

change with the satellite viewing geometry, the analysis of

descending and ascending data sets increases the number

and the spatial distribution of the PS within the area of

interest.

The shorter revisit time of Sentinel-1A in respect to

ERS-1/2 and ENVISAT (12 vs 35 days) allowed us to

obtain a much higher PS density (Table 1) that positively

reflects not only on the quantity but also on the quality of

the measurements. Despite the restrictive processing

thresholds adopted, the Sentinel-1A results are still affected

by a moderate level of noise generated by an overall low

signal-to-noise ratio, which is probably consequence of the

short temporal extent of the available images stack

(Hanssen 2005; Mahapatra et al. 2012). The presence of

noise in the results can be noticed in Fig. 5 from the

moving PS (red and blue dots) in the stable area (green

dots) in the section occupied by the city of Trissino.

The comparison with the ERS-1/2 and ENVISAT PSI

database shows a good agreement in the rates of movement

and location of the landslides detected by each sensor

(Figs. 6, 7). Figure 6 shows the displacements detected by

the PSI analysis over area 1 of Fig. 5. As reported by the

people living in this area, several houses have recently

shown fissures and displacements of walls and sidewalks as

sign of the terrain mobilization. Moreover, the complexity

of the movements and the lack of geomorphological evi-

dences make difficult to precisely map the extension of the

landslide.

The opposite colour shift in the two data sets (blue for

the descending acquisitions and orange for the ascending)

witnesses a prevalent planimetric displacement towards

E-SE of the buildings in the northern sectors; this direction

of movement is in accordance with the one of the insta-

bility phenomenon. This result clearly shows the landslides

distribution of activity (marked retrogressive) suggesting

the necessity of reviewing its limits.

Figure 7 displays in detail another area affected by

movement (area 2 of Fig. 5). In the SW sector, the direc-

tion of displacement towards W revealed by the ascending

Table 1 Comparison between the PS results obtained with Sentinel-1A, ENVISAT and ERS-1/2: image acquisition geometry; total number of

PS; PS density; velocity standard deviation (r); and percentage of moving PS

Satellite Geometry No. of PS PS/Km2 Velocity r
(mm/year)

Moving PS

(Vel = ± 1.5 mm/year) (%)

Sentinel-1A Descending 6203 283 0.54 12

ENVISAT Descending 1204 54 0.69 6

ERS-1/2 Descending 1305 59 0.35 7

Sentinel-1A Ascending 5855 267 0.69 18

ENVISAT Ascending 992 45 0.44 2

ERS-1/2 Ascending 803 36 0.43 7

Table 2 Number of PS falling in the mapped landslides

Satellite Track Landslides with

PS C 4

Flows with

PS C 4

Slides with

PS C 4

Landslides with

1 B PS\ 4

Flows with

1 B PS\ 4

Slides with

1 B PS\ 4

Sent.-1A Desc. 23 (36%) 17 (41%) 6 (26%) 13 (20%) 10 (24%) 3 (13%)

ENVISAT Desc. 10 (16%) 8 (19%) 2 (9%) 29 (45%) 18 (44%) 11 (49%)

ERS-1/2 Desc. 17 (26%) 13 (32%) 4 (17%) 28 (44%) 18 (44%) 10 (43%)

Sent.-1A Asc. 29 (45%) 19 (46%) 10 (43%) 12 (19%) 8 (19%) 4 (17%)

ENVISAT Asc. 4 (6%) 2 (5%) 2 (9%) 26 (41%) 17 (41%) 9 (39%)

ERS-1/2 Asc. 8 (12%) 5 (12%) 3 (13%) 24 (37%) 16 (39%) 6 (26%)

In brackets the percentage respect to the total of the instability phenomena (41 flows and 23 slides)
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orbit (positive values) is coherent with a retrogressive

activity distribution of the instability. Furthermore, in the

NE sector where no landslides were mapped before, it is

clearly visible towards satellite movement of the area

mainly in the E direction given by the positive values of the

detected PS in descending orbit. In this case, of the 29 PS

Fig. 6 LOS velocity maps of the north section of the study area (area 1 of Fig. 5) obtained from Sentinel-1A (a), ENVISAT (b) and ERS-1/2

(c) data sets. The green lines indicate the mapped landslide
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measured, 27 of them registered velocities in the range

from 1.6 to 3.6 mm/year, while only two present higher

velocities of 5.4 and 7.1 mm/year, which is the maximum

value registered in the entire study area. Thus, also in this

case, the landslides delimitation should be updated and

more in depth remote and ground-based analyses are nee-

ded to characterize the landslide detected by the PSI

analysis in the NE sector of Fig. 7.

Discussion

In order to assess the capabilities of the Sentinel-1A for

landslide monitoring in such environment, the number of

Sentinel-1A, ENVISAT and ERS-1/2 PS falling inside the

mapped instabilities was calculated considering a buffer of

50 m around each landslide (Table 2). This buffer was

adopted to compensate possible geocoding inaccuracies of

the PS and imprecise delimitations of the instability phe-

nomena. Assuming a threshold of PS C 4 as the minimum

to monitor the temporal evolution of mass movements

(Cigna et al. 2013; Herrera et al. 2013; Notti et al. 2010),

the results are quite encouraging: up to 45% of the land-

slides contain a number of PS above the threshold. More

than the 50% of the landslides (64% in the case of

ascending orbit) have at least one PS falling inside their

limits. According to these results, the descending orbit is

more suitable to detect flow type landslides than the slides,

probably because of the morphological conditions (aspect)

of the investigated territory. The results obtained with

Sentinel-1A represent a great improvement in respect to the

performance obtained with ERS-1/2 and ENVISAT and are

comparable to the results achieved by some authors in

other geomorphological contexts using medium- and high-

resolution SAR data (Cigna et al. 2013; Herrera et al. 2013;

Notti et al. 2010; Wasowski and Bovenga 2014).

The displacement trends of target reflectors selected in the

stable area of the town of Trissino (Fig. 8) and in an unsta-

ble area (Fig. 9) are analysed in detail to further demonstrate

the great improvement brought by the Sentinel-1A data for

ground displacement monitoring purposes.

Fig. 7 LOS velocity maps of the middle section of the study area (area 2 of Fig. 5), obtained from Sentinel-1A (a), ENVISAT (b) and ERS-1/2

(c) data sets. The green lines indicate the mapped landslides. The displacement time series for the selected PS (black cross) are reported in Fig. 9
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In order to make the all the results comparable with the

Sentinel-1A time series (624 days in total), a 630-day stretch

was extracted from the original ENVISAT and ERS-1/2 time

series: from January 2007 to October 2008 for ENVISAT,

and fromDecember 1996 until September 1998 for ERS-1/2.

These stretches were chosen among those with the largest

number of ENVISAT and ERS-1/2 acquisitions, covering

the seasonal periods enclosed in the Sentinel-1A data sets

(December 2014–September 2016). As it can be noticed

from Fig. 8, the number of measurements plays and impor-

tant role in the interpretation of the time series. If from one

hand the 47 Sentinel-1A acquisitions clearly define the sta-

bility of the PS in the investigated period, on the other hand,

the 10 ENVISAT measurements resulted in a very noisy

scattered plot. Better results were obtained by the ERS-1/2

data set from which the stability of the area can be assumed

even if some seasonal variations are evident. Assuming an

expected value equal to 0 (no displacement), the standard

deviations of the three measurements are 0.76, 5.03 and

2.16 mm, respectively, for the Sentinel-1A, ENVISAT and

ERS-1/2 data sets.

Figure 9 shows that the displacement trend of a point

located inside the landslide body of Fig. 7, chosen as

example, is evident with Sentinel-1A measurements (be-

sides a clear unwrapping error in the fourth interferogram),

while with ENVISAT and ERS-1/2 the noise is predomi-

nant, making difficult the correct interpretation of the

movement trend. In the latter case, only by analysing a

longer time series, as reported in Fig. 9 d and e, the

deformation trends can be correctly inferred.

The results obtained in this study depicts the great

improvements brought by Sentinel-1 in the exploitation of

A-DInSAR techniques for the detection and monitoring of

slope instabilities. The combination of C-band and short

revisit time of 12 days greatly reduced the temporal

decorrelation allowing us to obtain point density five times

higher than the older C-band satellites (i.e. ERS-1/2 and

ENVISAT) previously used to monitor the same area. This

permitted the identification of a large number of moving

targets corresponding to new or recently re-activated

landslides. From the analysis of the time series, it is pos-

sible to extract information about quiescence periods or

intermittent activations that is crucial to better understand

the landslide behaviour and its relationship with the trig-

gering factors. This information is lost using ERS-1/2 and

ENVISAT data because of the 35-day time span between

the acquisitions.

Similar results and considerations were also described

by other authors that successfully exploited Sentinel-1A

SAR images for landslides mapping in different study areas

(e.g. Barra et al. 2016; Crosetto et al. 2016). Despite the

limitations of the A-DInSAR techniques in mountain ter-

ritories (mainly given by the slope orientation and the

vegetation coverage), this study demonstrates that Sentinel-

1 can be a reliable and cost-effective tool for the moni-

toring of the territory on a regular basis which informative

output can be of huge benefit in particular in the framework

of landslides risk assessment and mitigation. This approach

can be also used by the authorities to update regional and

national landslides inventory maps (Lazecky et al. 2016)

rapidly and at minimum costs. However, SAR data must

always be integrated with case-specific ground-based

analysis and cannot be used as the only source of infor-

mation for the precise characterization of slope

instabilities.

Conclusions

In this work, we tested the potential of the Sentinel-1A

satellite SAR data in the monitoring of a densely vege-

tated area in the northern Italy affected by small to

medium size landslides. To this end, 46 descending and

42 ascending Sentinel-1A images acquired, respectively,

Fig. 8 Time series of a stable target selected in the town of Trissino:

a Sentinel-1A, b ENVISAT and c ERS-1/2
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from 12/2014 to 09/2016 and from 03/2015 to 09/2016

have been processed using the PSI technique. First

insights on the potential of Sentinel-1 mission to detect

landslides are reported in previous works (e.g. Barra et al.

2016; Crosetto et al. 2016; Lazecky et al. 2016); never-

theless, in this study the results were compared, for the

first time with those of the ERS-1/2 (1992–2000) and

ENVISAT (2003–2010) PSI archive available from the

National Cartographic Portal of the Ministry of Environ-

ment. Sentinel-1A results show that among the 64 mapped

landslides, the 45% have more than four measured PS

falling inside their limits, and the 64% have at least 1 PS.

The movement rates are generally low, reaching at max-

imum 7 mm/year. The obtained results show the great

potential of the Sentinel-1A data in the continuous mon-

itoring of landslide-prone territories not only limiting the

activity at the regional scale, but also focusing on local

scale phenomena. The high number of PS obtained with

Sentinel-1A and the high temporal sampling rate of the

measurements can help to better characterize the move-

ments in the area, to delineate the extent of several

landslides, and to detect new instability phenomena. Such

results represent a great improvement in the detection and

monitoring of landslides in respect to the previous ERS-1/

2 and ENVISAT C-band satellites, and they can be

comparable to the results achievable by using high-reso-

lution X-band SAR data. Even if there are only less than

2 years of acquisitions available, the measurements car-

ried out with Sentinel-1A can correctly assess the rate of

deformation of natural target reflectors. These results, as

demonstrated, are hardly achievable in such a short period

from previous satellite missions (e.g. ERS-1/2 and

ENVISAT). The availability of new images and the

extension of the temporal coverage will increase the

overall quality of the achievable results. Moreover, the

twin Sentinel-1B satellite launched in April 2016 will

supply the scientific community with an additional set of

SAR images that will permit, combining the data from

both satellites, to lower the image frequency to 6 days,

with great benefits in terms of detection capabilities and

quality of the results. Sentinel-1 exploitation can provide

very useful information about the spatial and temporal

evolution of landslides. A continuous monitoring activity

is crucial especially in critical areas to keep track of the

landslides movement over time and to assess abrupt

changes in the deformation rates. However, since the PS

are limited to high backscattering objects (namely, the

buildings), it is not possible to rely only on A-DInSAR

techniques to precisely delineate the extension of an

active landslide, which limits may interest vegetated areas

where no measure points are available. For this reason,

geological surveys are always necessary in order to check

the presence of geomorphological evidences that are sign

of active movements.

Fig. 9 Time series of moving

targets selected over a landslide

body obtained with Sentinel-A

(a), ENVISAT (b), ERS-1/2 (c);
d, e show the full-length time

series, respectively, of

ENVISAT and ERS-1/2
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