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ABSTRACT
The Differential SAR Interferometry (DInSAR) is one
of the most powerful devices for monitoring deformation processes on the Earth surface. Here, a dataset
of TerraSAR-X StripMap imagery covering almost the
whole Crotone province territory, located in the south
of the Italian peninsula, has been selected and processed. The time span goes from April 2008 to June
2010. In this work, two different multitemporal interferometry (MTI) approaches and two different software
packages have been used and compared in order to
identify benefits/constraints of each MTI approach and
each software. Such approaches are: the ‘permanent’
(or ‘persistent’, or ‘point-like’) scatterers [1] implemented on the SARscape® software [2], and the Temporal Sublook Spectral Coherence (TSSC), derived
from Coherent Pixel Technique algorithm and works
on SUBSOFT processor, developed by the Remote
Sensing Laboratory (RSLab) group, from the Universitat Politècnica de Catalunya (UPC) [3-5].
1. INTRODUCTION
Landslides represent one of the most remarkable and
noticeable natural hazards, affecting both people and
buildings and infrastructure, often causing loss of lives
or of socio-economical values. Italy is one of the European countries most involved by these phenomena.
Every year it is possible to count about a hundred
“main landslide events”, causing casualties, evacuations and damage to primary infrastructures and buildings, according to [6], redacted by the ISPRA (Italian
institute for the Environmental Protection and Research). Such a high number has to be attributed to the
geological and geomorphological context of the Italian
territory, but also to an incorrect land management,
started during the economic miracle in the early 60’s.
In particular, landslides characterized by slow to mod-
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erate kinematic are largely common in Central and
Southern Italy: some of the most recent cases which
can be mentioned are Agnone [7-8], Montaguto [9],
Moio della Civitella [8-10-11]. These slope movements
are characteristic, with a long evolutionary history, and
with several reactivations of the already deformed
mass, due to extraordinary rain or seismic events, and
at times due to the human action. The monitoring of
these phenomena is becoming more and more significant, not only for the scientific community, in order to
prevent and forecast their effects. Nowadays, remote
sensing represents a rapid and valuable tool for the
landslide monitoring. Among the remote sensing techniques, the Differential SAR Interferometry is a useful
device for mapping and monitoring landslides [12-18].
Different DInSAR approaches have been developed in
the last 15 years, being able to detect and analyse large
datasets of SAR images acquired on the same area in
different times. Moreover, the development of the socalled Multi Temporal Interferometry (MTI), which
overcome some of the limitations of conventional differential SAR interferometry [19], successfully improved the analysis and the monitoring of the landslide
events. The availability of Very High Resolution images (VHR), deriving from new generation of sensors also contributed to a better landslide monitoring and to a
better geomorphological investigation.
Two different techniques available on two software
have been applied for this case study, in order to identify the benefit and the constraint of each MTI approach
and each software. The dataset available for this paper
is composed of TerraSAR-X images, acquired both
over ascending and descending orbit, covering almost
the whole Crotone province (Southern Italy) (Fig.1).
The Crotone province territory is very prone to ground
displacement phenomena. Several cases have been reported, as Cirò, Papanice, Cutro, San Mauro Marchesato, Santa Severina. In this paper, the landslide phe-

nomena occurred in the locality of Papanice have been
analysed, and a comparison among the different results
have been performed. Several reactivations of landslides caused serious damage to the settlements. With
the application of the MTI interferometry it has been
possible to identify the precursor stages of these displacement events, thus confirming the effectiveness of
such tools for provisional purposes.
2 . TEST SITE AND DATA
Crotone province is located in the southern part of the
Italian peninsula, to be more precise, in Calabria region, considered the tip of the ‘Italian boot’ (Fig. 1).

Figure 1. Location of the study area. The purple rectangles show the TerraSAR-X footprint, for the descending and the ascending orbit
The geological setting of this area is characterized by a
large sedimentary basin (Crotone basin). The evolution
of the above-mentioned basin began between Middle to
Upper Miocene (Serravallian and Tortonian) [20-21]. It
is bounded by two main shear-zones, with a NWtrending, the first one, located in the northern part is
called Rossano-San Nicola shear zone, the latter is the
Petilia Sosti shear zone, sited in the southern part [2125]. Papanice is a locality of Crotone municipality, 11
km far from the city center, located on the top of a
NW-SE trending hill. The setting of the study area is
included in the most recent part of the Crotone basin,
composed by marine deposits of Pleistocene age. According to the geological map [26] and to a geological
survey it is possible to affirm that the most recent formation of the Crotone basin is present in Papanice and
its surrounding area: the substrate is made up of the
Cutro Clay formation, of Middle-Calabrian time, with a
local thickness of about few hundreds of meters. This
formation is mainly composed of marly and silty claystones[20-27-28] and at times it is possible to recognize layers up to 1 m thick. The highest part of the geo-

logical series is represented by the marine terrace deposits of Cutro Terrace, called S. Anna synthem, composed of sands and conglomerates, locally with intercalation of bioclastic limestones. Both the geological
units do not present any tectonic and stress deformation, however both of them demonstrate a weak
strength to erosion and a permeability from average to
low. Papanice suburb has always been considered as
unstable, as it is possible to note through the Landslide
Inventory
Map,
reported
in
the
Hydrogeomorphological Setting Plan (HSP) of the 2001 (Fig.
2a).
The landslides object of this paper can be considered as
reactivations of dormant landslides. The slopes where
these phenomena occurred are subjected to a strong
evolution, mostly due to occasional and abundant precipitation, reactivating the hydrographic system and
accelerating the instability. The landslides’ reactivation
took place on 23rd of February 2012, in two different
points: one in the Pironte district (Via Piave) (Figs. 2b
and 2c) and the other one at the base of the primary
school of Viale Oceania. The most important triggering
factor for this reactivation was represented by the copious rainfalls occurred the days preceding the date of
the main event: the Papanice rain gauge showed a cumulated rainfall value of 185 mm in the 3 days before
the event, 108 mm in the day before. These are clearly
outlier values for the local climate and for this kind of
geomorphological context. Another instability factor is
represented by the urban growth of the Pironte district,
in the last 50 years, that could have probably modified
the geotechnical, hydrological and geomorphological
aspects of the area.
As regards the morphology of the landslide, a clear evidence is constituted by a fracture along Via Piave, 140
m long, and longitudinally deep evidence are visible till
a dirt road below the houses, and superficial signs on
the whole slope. Several damage and cracks on the
buildings prominent to the slope have been easily recognized and five buildings have been involved by this
movement, forcing people to abandon their houses and
their activities. A dataset composed of 66 TerraSAR-X
StripMap Single Look Complex (SLC) images for the
ascending stack, and 67 for the descending one, covering the time interval between April 2008 and June
2010, has been obtained thanks to the participation to
two Announcements of Opportunity for the exploitation of archive images (GEO1589 – GEO2641). Such
stacks are characterized by a temporal sampling of 11
days. Furthermore, a high resolution (5m × 5m) Digital
Terrain Model (DTM), obtained from the Regional
Topographical Map (scale 1:5000) has been used to
subtract the topographic component of the interferometric phase. Starting from the entire SLC image, a
crop of 2 km × 1,5 km has been selected to define the
area of interest.

the radiometric calibration unnecessary. Moreover,
working as ‘point-like’, the full-resolution is preserved
in comparison with the coherence stability pixel selection approach. A more detailed description of the technique can be found in [5]. A second criterion adopted is
the PSI [1], implemented in the SARscape software.
The PSI, instead, is a technique belonging to the PS
category and is an algorithm successfully used for long
series of SAR data, in order to estimate and remove the
atmospheric effects [1]. In this case, the pixel selection
is made through the Amplitude Dispersion Index (D),
defined as the ratio between the temporal average of
the amplitude for a certain pixel and the temporal
standard deviation (Eq.1).
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!
!
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The final result of the PSI is an accurate measurement
of the movements along the SAR Line Of Sight (LOS
velocities) of each PS, respect to an assumed reference
point (considered as stable), in the time interval considered. A PS is characterized by long term high coherence in all the SAR images considered in the time interval [1]. Very often PS correspond to man-made artefacts and to rocky outcrops.
4. RESULTS

Figure 2. a) 2001 HSP Landslide inventory map, 1:
Slide; 2: Complex landslides; 3 Shallow landslide area; 4: Deep landslide area; 5 Erosional area; 6: Landslides mapped through the field survey. b) Oblique
view of the Via Piave landslide. c) Main scarp of the
Via Piave landslide
3. METHODS
To monitor the identified instability phenomena, two
different DInSAR approaches have been successfully
applied, in order to obtain the measurements of the displacements and the related time series. A first approach
has been made with the Temporal Sublook Spectral
Coherence, implemented on the SUBSOFT processor,
developed by the Universitat Politecnica de Catalunya
of Barcelona, Spain [4]. As for the usual DInSAR processing chains, the crucial step is the pixel selection.
Such step consists of the detection of reliable pixels,
because, due to decorrelation artefacts, not all the pixels present enough phase quality for the processing.
One of the main advantages of such approach is that
TSSC is not influenced by the possible amplitude variations along time. Therefore, the amplitude is not a
consistent parameter in the TSSC estimation, making

One of the limitations of the PSI techniques are represented by the uncertainty of the detection of the measurement points [12]. Several tools for the assessment of
the PSs presence in a given area have been developed
in the scientific community [30-32]. For instance the
R-index equation, conceived by Notti et al .[31-32] is
defined as the ratio between the slant range and the
ground range, taking also into account the acquisition
geometry of the radar and the geometry of the ground
surface. These last products are ascribable to the slope
and aspect models, respectively, derived from a DEM.
The maximum value of the R-index is 1 and corresponds to the best geometry to detect the PSs, when the
slope is parallel to the LOS. Otherwise, the smaller is
the R-Index, the harder to detect a PS: if this value
tends to 0 it means that the pixel is in foreshortening,
meanwhile it will be layover and shadowing if the Rindex results negative. In all these three cases no PS is
detectable. The R-index computation for the descending dataset is shown in the Figure 3: the landslide area
clearly corresponds to a non-detectable area for the
PSs, specifically in foreshortening, meanwhile the RIndex for the ascending dataset shows a good quality of
the pixels in the study area. Thanks to these elaboration, both the SUBSOFT processor and SARscape
software have been successfully applied only at the ascending stack.

Figure 3. R-Index map for the descending dataset
4.1 SUBSOFT processing
As mentioned before, the results obtained with SUBSOFT processor have been carried out through the new
TSC pixel selection method. A threshold of 0.7, which
corresponds to a phase standard deviation of about 20°
has been set to the TSSC approach. It is worth to point
out that such selection fits almost perfectly the Papanice urban area. A total amount of about 9000 points
located throughout the town has been obtained, one
hundred of them are related to the displacement, located onto the top of the landslide of Via Piave, as it is
possible to see in the Figure 4. The average velocity of
the displacement is -27.7 mm/yr. The maximum rates
of displacement are located in the left sector of the Via
Piave landslide (-36.0 and -35.6 mm/yr), other high
rates are sited in correspondence of the main scarp of
the landslide. Lower values of movement can be found
in the right sector and down the valley of the slope of
interest, with minimum rate of 14.8 mm/yr. All the
values mentioned are calculated with respect to the
Line of Sight (LOS).
4.2 SARscape processing
In order to improve the PSI processing results, using
SARscape, the following procedure has been theorised
and introduced:
- a temporal baseline, splitting in two parts the
available stack (Period 1, between April 2008 and
August 2009, and Period 2, between April 2009
and June 2010, with an overlap of 110 days), in
order to analyse points with high coherence in a
shorter time of analysis;
- a spatial baseline of ±100 m, a threshold useful to
decrease the topography influence on the interferometric signal (Fig. 5).

Figure 4. Displacement rate map with the TSC algorithm

Figure 5. Scheme of the procedure theorised for the
PSI analysis
The first period of investigation has been evaluated on
29 images. In this case a total amount of 1393 points
has been obtained, and 7 of which show a displacement
rate ascribable to the landslide. In particular the cluster
of points, individuated by the PSI analysis, is located in
the top left sector and in the middle part of the movement. The average value of these points is of -25.4
mm/yr. The highest displacement rates are all located
into the top left sector of the Via Piave landslide , with
a maximum value of -32.1 mm/yr (Fig. 6a). The second
period is composed of 27 images. The sum of the PSs
recognized is of 1543, but just one is ascribable to the
main phenomenon. This point, located into the top left
part of the main landslide, close to the main scarp, present a displacement rate of -32.1 mm/yr (Fig. 6b). Also
in these cases, the displacement values are referred

along the LOS. For both of them, a product coherence
threshold of 0.6 was selected, as the accuracy of PSI
increases with increasing coherence.
5. DISCUSSION
From the comparison between the various results obtained with the two techniques exploited it is possible
to affirm that, in every case, the landslide occurred on
the 23rd of February 2012 has been clearly recognized
by MTI procedure, testified by the concentration of
points located on the main scarp of the landslide. From
an accurate analysis of the displacement rates derived
from both the methods, a concentration of points characterized by the highest values of movement has been
recognized in the top left sector of the landslide of Via
Piave. A confirmation of this remark has been also
achieved with other techniques implemented on the
two packages used (CPT – coherence pixel selection
and Small Baseline Subset). This fact can be attributed
to geomorphological factors: usually the movements
are faster in correspondence of the main scarp, and in
this case, also the presence of a seasonal stream can
have had a role in it.
Moreover, following these results, it is also possible to
update the landslide inventory map of Papanice, redacted in the 2001 HSP by the Calabria Basin Authority. First of all, the landslide objects of the paper were
considered as dormant, meanwhile, from a jointly application of ground surveys and remote sensing, they
are clearly updatable as active. Besides, also a retrogressive trend has been recognized, as proved by the
actual landslide scarp, now located at Via Piave. The
benefit deriving from these spaceborne MTI techniques
as worthwhile tools for the delimitation of surface
movements were demonstrated always in agreement
with field validation. Also the time series show a good
connection with the rainfalls data, in fact the accelerations of the movement is subsequent to abundant precipitations, as well as the deceleration to dry periods. It
is also worth to underline that, being the TerraSAR-X
dataset antecedent to the landslide’s main reactivation,
the SAR exploitation is an useful device to recognize
precursor stages of future slope failures. As regards to
the comparison between the two techniques applied for
this case study, many similarities, but also some differences, have been recognized: the range of the velocities
and the location of the pixels showing displacement
proved to be the same for both the MTI procedures
adopted, demonstrating a good reliability of these kinds
of data (Fig. 7). However, the final results of the application of SUBSOFT showed a higher number of targets, with respect to the SARscape application (9000 to
1500 approximately). Moreover, also a higher number
of points located in the displacement area enables detailed analysis of surface movements. Furthermore, as
regards to the SARscape results, they showed a shift of
the PSs of about 150 m westward, hence necessitating

Figure 6. Displacement rate map with the PSInSAR
algorithm. A) First period of analysis (04/200808/2009); b) Second period of analysis(04/200906/2010)
a correction through the individuation of ground control points, meanwhile the geocoding of the SUBSOFT
software turned out to be correctly georeferenced,
without any shift.
6. CONCLUSIONS
DInSAR techniques represent a powerful tool for landslide forecasting and monitoring, even more efficient
when coupled with geological and geomorphological
field surveys. First of all, the application of tools which
can provide a first estimation of the potential PS in an
area can help the user to select only the valuable stacks.

Figure 7. Comparison between the time series obtained
with SUBSOFT and SARscape.
Moreover, the application of various Multi Temporal
Interferometry approaches, even with some differences,
demonstrating comparable results, can confirm the reliability of these instruments. The availability of conventional ground-based monitoring instruments (inclinometers, topographic total stations, etc.) can improve the
trustworthiness of the satellite observations, which they
can be considered as an useful supporting tool for urban planning and landslide hazard assessment on behalf of public agencies and administrations, due to their
ability to obtain good results in a short time. Also the
application of these methods for regular time monitoring shortly after each acquisition can help to prevent
damage on areas considered at risk. In the future, the
second stage of the Italian Extraordinary Plan for Environmental Remote Sensing and the availability of VHR
last generation images acquired by TerraSAR-X,
COSMO-SkyMed and SENTINEL-1 sensors will allow
us to obtain better results.
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