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Abstract 

In the article we present results from the remote sensing of the Earth, technique used for monitoring 
deformations of the ground surface. PSInSAR technique what was used for processing satellite data captured by 
the COSMO – SkyMed satellites to monitoring the deformation produced by the 3 December 2013 in 
Montescaglioso landslide, southern Italy. Deep – sealed landslide in Montescaglioso area exceeded 10 m and 
caused the disruption the main road and some buildings were demolished. 
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Introduction 

The area that we study is located in Montescaglioso, province of Matera. It is a little 

town in the southern Italy which stands on a hill at 363 m from the sea level.  

In the south / east Italy, the geological situation is as interesting as complicated 

because of the Apennine orogeny during the Cenozic era. This is the reason why we find the 

fore deep in the western part, the Bradanic trough (which runs through Italy), and the foreland, 

where Montescaglioso is located [1]. 

The area of study is also interested by a river, Bradano River. It has a length of 120 km 

and a medium discharge of approximately 7m3/s, which is not a high value for two principal 

reasons: one is the intensive karst of the area which causes a large infiltration and the other is 

the rainfall scarcity in the summer. 

Annual rainfall in the area averages 619 mm, with the most of the rainfall falling in 

November (187 mm).  

In the general area, the crop-out sediments of the “Bradanic trough”, Pleistocene in 

age, included a regression (coarsening upward) sequence made up of clay (at the bottom), 

sand and gravel (at the top). In the slope affected by the new Montescaglioso landslide, 

sediments are heterogeneous, as demonstrated by the presence of large blocks of 

conglomerates (with a maximum size of about 5 m × 3 m) found at different elevations in the 

slope. We attribute the chaotic distribution of the materials to repeated, old and very old 

landslides. According to the last statistics, in Matera province, all the commons have 

hydrogeological risk, and there are 25 landslides every 100km2.  
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On December 3 2013, after several intense rainfall (two events that exceeded 70 % of 

the mean annual precipitation), a large landslide has affected the area. The length of the 

landslide measured along the main displacement axis is about 1.3x103m, and the width 

measured perpendicularly to the main axis is about 8.0x102m, for a total Area of 

approximately 3.0x105m2 [2]. The slide caused extensive damage, including the collapse of a 

supermarket „ Fig.1.” and the complete inaccessibility to a main road, but fortunately it did not 

caused any loss of life. 

 

 

 

 

 
Fig. 1. Montescaglioso landslide and its damage. 

 

Material and Methods 
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In our experiment, we used InSAR time-series data stacks covering the same area to 

detect ground deformation in the Montescaglioso area. Data stacks were from COSMO-

SkyMed satellite.  

In this case the SAR data acquired from the same orbit direction (ascending orbit 

direction). Data are provided by Italian Space Agency. The ascending stack of 15 images from 

COSMO-SkyMed satellite is date from 30/10/2013 to 30/7/2014It covers an area of 207 km2.  

Information about dataset used within this work is given in „ Tab. 1.” Created SLC 

(Single Look Complex) image with acquisition date 6/6/2014 is selected as the master image, 

which optimizing the distribution if the baselines. DORIS precise orbit state vectors were 

provided by the ESRIN Help desk of ESA to calculate the initial estimation of interferometric 

baselines. External DEM data, Shuttle Radar Topography Mission – 3 (SRTM – 3) at a spatial 

resolution of 90 m that were provided by NASA were used to simulate and remove the 

topographic phase contribution [3].  

The DEM data were also applied for reflatting and recoding the resultant InSAR 

products from range Doppler coordinates into map geometry corresponding to the World 

Geodetic System (WGS 84).  

 

  

Tab. 1. COSMO-SkyMed acquisition dates, normal baseline  
and precision relative to the master acquisition 

 
Date Normal Baseline Precision 

  Velocity Height 
30.10.2013 -356,348 1,626 0,377 
19.11.2013 618,355 1,945 0,441 
21.12.2013 -621,464 1,847 0,391 
6.1.2014 -6,5855 2,0388 0,38 
24.1.2014 -548,681 2,306 0,388 
3.4.2014 48,7061 2,661 0,983 
10.4.2014 -114,43 2,592 0,358 
15.4.2014 304,348 2,324 0,363 
17.4.2014 -238,966 2,141 0,364 
23.4.2014 -654,422 1,967 0,387 
30.5.2014 -426,196 1,89 0,378 
8.6.2014 -398,553 1,8043 0,378 
30.7.2014 835,273 1,692 0,408 

 
 

For all the interferometric pairs, the absolute values of normal baselines are less than 

850 m. From all selected interferograms, any interferograms having temporal baselines lower 

than 850 days and perpendicular baseline less than 100 m were considered as the most 
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significant in terms of the description of the deformation and therefore were stacked. Data 

were used for historical analyse by Persistent Scatterer Interferometry technique (PSInSAR) 

PSInSAR is an advanced technique to derive information of terrain motion [4]. 

Technique can overcome the limitations of geometrical and temporal decorrelation as well as 

atmospheric disturbance. This technique uses multiple SAR acquisitions of the same area to 

build a stack of interferograms, from which point-like stable reflectors,, i.e., the so-called 

persistent scatterers (PS), are identified. The coherent measurements on PSs allow terrain 

movement estimation with sub-milimeter accuracy [5]. 

 

Results and discussion 

Preliminary results of the PSInSAR analyses showed us a total of 6928 PS within the 

study area, most of which are located within the populated area. The identified PS are shown 

in „ Fig. 2.” and the computed LOS deformation rates are indicated by colour. The majority of 

PS in the study area display LOS deformation rates close to 0.0 and the average LOS 

deformation rate is -0.1 cm/yr. A more detailed view of the approximately 700 PS in the 

vicinity of the landslide is shown in „Fig. 2“. Note that a smaller density of PS is identified 

within the landslide area because there are fewer structures present to act as PS. Most of the 

PS within the limits of the landslide display LOS deformation rates on the order of 0.15 to 

0.25 cm/yr. There is a cluster of PS along the southern boundary with much smaller velocities 

and some are negative. This area represents the section of the landslide where deformations 

are predominantly in the southerly direction, which makes the LOS deformations less 

sensitive to the ground deformations.  

 A histogram of the LOS deformation rates for the identified PS is shown in „Fig. 2”. 

In this figure the LOS deformation rates for the entire study area are compared with those 

from the landslide area only. It is clear that there is a significant difference in the distribution 

of deformation in these areas. The average LOS deformation rate is -0.1 cm/yr for the study 

area and it is +0.13 cm/yr for the landslide. 
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„ Fig 2.“:Results of the PSInSAR analyze of COSMO-SkyMed 

 

Conclusions 

The application of the PSInSAR technique permitted us to locate the main landslides 

in the Montescaglioso area where active landslide movements were revealed using ground 

data. Investigation of the time series for the Montescaglioso landslide made it possible to 

determine periods of the landslide activity and relative stability and compare these periods 

with ground observations. Datasets from the L-band, C-band and X-band satellites can be 

used to monitor displacements of the landslides in the whole world. To enhance reliability of 

the monitoring the comparative analysis of results obtained from the satellites with different 

wavelengths and from both the ascending and descending tracks is preferable. Obtained 

results demonstrate that PSInSAR is an efficient tool to locate landslides and monitor their 

displacements at the Montescaglioso area. As landslides are numerous in this region these 

methods could contribute to landslide risk assessment and mitigation.  
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