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ABSTRACT  
In the last years the development in the processing of 
SAR persistent scatterers interferometry (PSI) data has 
allowed an improvement in time series precision, also 
with the data processed on regional scale. It is possible 
now to study the behaviour in the time of different type 
of natural process. The more recent data are elaborated 
also with non-linear models and this allows, even if with 
many restrictions and problems, to study also the 
temporal variation in the evolution of a process.  
In this work we have analyzed the time series (TS) of 
ERS (1992-2001) and RADARSAT (2003-2010) data 
elaborated with SqueeSAR™ processing over three 
studied areas in NW Italy (Western Piemonte, Province 
of Pavia and Province of Imperia). We compared the 
time series with other monitoring data in order to 
validate them and to find the positive and negative 
aspects in the detection of natural processes. At the 
same time the TS were used to understand the 
kinematics of some geological processes.  
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1. INTRODUCTION  

The PS data over regional areas, until recent times gave 
information about slow ground displacement related to 
different process like subsidence [1], landslides [2], 
tectonics [3] or building deformations [4]. However 
these analysis allowed good results only in the 
evaluation of the average rate of movement (along the 
LOS) over the period of analysis. The estimation of 
phase variation through the time was made with a linear 
model so it was very difficult to have a time series that 
fit well with the real trend of deformation of a natural 
process. With PSInSAR™ [5] only with a local 
advanced analysis scale was possible to use a non linear 
model.  
The SqueeSAR™ processing [6] allow to elaborate a 
non-linear time series also on regional areas with a huge 
number of PS/DS..  
However, TS are particularly sensitive to phase noise. 
To the authors’ experience the real information content 
of the PSI deformation time series has not been fully 
understood so far. Even if excellent time series 
examples have been published in the literature, their 
limitations have been not clarified [7]. 

The aim of this work is to discuss about the main 
problematic and advantages of the measurements in the 
time series of persistent scatterer data. Some 
methodologies of data interpretation and some case 
histories of the factors and the process that have an 
influence on time series are also discussed.  
The study area has an extensions of about 13’000 km2. 
Some parts of NW Italy were investigated: the western 
part of Piedmont Region, the Ligurian Alps (Province of 
Imperia) and a portion of Northern Apennines (Oltrepò 
Pavese, Province of Pavia). In these areas are 
represented many types of geological environments 
(Alps, Apennine, Langhe Hills, and Po Plain), 
geological processes (landslides, subsidence) and types 
of scatterers (buildings, rocks...).  
In the study area a set of scenes acquired between April 
2003 and June 2010 by RADARSAT satellite along 
descending and ascending orbit were used by 
TeleRilevamento-Europa for SqueeSAR™ analysis. In 
Oltrepò Pavese a set of SAR scenes acquired between 
May 1992 and December 2000 by the ERS 1/2 satellites 
were also used.  
 
2. THE SQUEESAR PROCESSING  

The SqueeSAR algorithm allows to measure ground 
displacements by means of traditional permanent 
scatterers (PS) like buildings, rock and debris as well as 
from distributed scatterers (DS). DS are homogeneous 
areas spread over a group of pixels in a SAR image such 
as rangeland, pasture, shrubs and bare earth. The 
SqueeSAR™ technique allows an increase of density of 
the points that register ground displacement especially 
in non-urban areas, as alpine sparse vegetation 
landscapes.  The algorithm used to calculate the time 
series (TS) allow to use a non linear model (fig 1) also 
on a regional scale. 
In addition the higher density of data (PS+DS) 
allows reducing the effects of noise (i.e. 
atmosphere) for the time series of SqueeSAR 
respect to PSInSAR. 
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Figure 1: Time Series comparison of two close PS over 
Granges Sises DSGSD, We stern Alps. P SInSAR with 
ERS data 1995-2001 (red line) SqueeSAR with Radarsat 
data 2003-2009 (blue line)  
  
3. TS INTERPRETATION METHODOLOGIES  

In the TS analysis we developed some methodologies of 
data interpretation in order to improve the quality of 
time series interpretation and to obtain as much 
information as possible. These methods don’t work on 
the TS generation but only on the already processed 
data.  
“The spatial averaging”. It consists on an averaging of 
the time series in an area affected by the same process 
(i.e. landslide or subsidence) that present a wide extent 
and similar type of target and where a cluster of PS/DS 
shows a homogeneous rate of displacement. This is a 
simple way to partially reduce the effect of noise, or 
local effect that can affect the single scatterer (i.e. figure 
2). The result of averaging is usually a smooth TS that 
fits well with the natural trend of process.  
 

 
Figure 2: Time series of a single PS compared with 
average TS o f 10 PS /DS over landslides in Oltrep ò 
Pavese  

 

Table 1: Example of TS averaging 
 01/01/2004 24/01/2004 Date….N 

TS 1 0 -1 -32
TS 2 0 -3 -40
TS 3 0 -2.5 -42
TS n x x x
TS 

average 0 -2.17 -38
 
“The partial slope of the time series”. Another 
methodology that allows extracting some information 
from TS is to calculate the rate of the velocity for 
periods with homogeneous trend.  This procedure is 
similar to the sub-sampling procedure, but applied to 
linear time series, purposed by Cigna et al [7].  
The partial slope can be obtained by the analysis of the 
time series scatterer plot by means of a visual 
interpretation of the plotted TS. 
The main problem is to separate real variation from 
errors. It is difficult to find statistical methods to 
separate the trends: usually each process present its 
singular deformation behaviour, so the study must be 
done at local scale.  
For instance the figure 3 reports a case the of PS/DS 
time series of a landslide in the Po Valley (Piemonte). 
We analyzed the average time series that show 
movements inside the landslides.  
The oscillations in the period of revisiting time (24 
days) are related probably to residual noise and not to a 
natural trend. It is important to remind that the TS are 
not a cumulative displacement: the position of each 
acquisition is referred to the master image and not to the 
previous image.  
 If we consider periods of a certain number of 
observations (at least 4 - 5) the trends are more regular 
and can be explained with a real variation of landslide 
movement. The average velocity for the period 2003-
2009 was 11 mm/yr, but if we fragment the TS it is 
possible to observe changes from 5 mm/yr to 30 mm/yr 
in the period 2008-2009 corresponding to a rainier 
period.  
 

 
Figure 3: Time series o f landslides in Po Valley, 
Piemonte. It is possible detect different trend of velocity 
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In some cases it was possible to calculate the velocity 
on seasonal scale (see Crociglia case histories).  
It is not to exclude however that the variation on short 
period (1-2 satellite revisits) is related to a real variation. 
In some cases some changes are related to a possible 
phase unwrapping (see next paragraph).  
 
4. CASE HISTORIES  

We analyzed the time series related to some geological 
processes in order to identify the main factors that have 
an influence on the time series. At the same time we 
evaluate the reliability of TS to describe natural 
processes.  
In the figure 4 are represented the main factors that 
should have an influence on TS patterns. We have 
analyzed only the factors related with natural processes:  
- deformation of single scatterer i.e. thermal effects 

or building deformation; 
- deformation on large scale i.e. landslides or 

subsidence;  
- phase unwrapping: knowing the deformation 

behaviour it is possible to detect movement greater 
than λ/4 ?  

 

 
Figure 4: Factors that have an influence on TS 

 
4.1 Thermal effects  

In the wide areas geological processes study it is 
important separate the deformation of the single 
scatterer from the main deformation.  
One of the effects to take into account at single scatterer 
scale is the thermal dilatation. This effect usually affects 
large metal structures and other hand made objects. The 
natural scatterers (debris or rock) are less affected by 
this problem. If this process affects the target used as 
reference point the oscillation may affect (with an 
opposite oscillation) the other time series and cause 
misunderstanding in the process interpretation.  
For instance we have analysed a TS of a PS over a 
building in stable plain area of Piemonte very closed to 
reference point. The LOS average velocity trend of PS 
for the period 2003-2009 is 0 and it seems not affected 
by other process or strong noise effects. The TS shows a 
clear seasonal trend with positive peak in summer and 
negative in winter (Fig 5). We associate the time series 
with the average temperature of the image acquisition’s 

day of the closest meteorological station. The results 
show a good match of the data. In this area the range of 
temperature is about of 20° (from < 5° in winter to > 
20° in the summer) that corresponds to an oscillation of 
7 mm from summer to winter.  
It is difficult to observe thermal oscillation for many 
reasons: the direction of observation and the direction of 
oscillations, the objet typology and dimensions, the 
effect of noise or other processes that have an influence 
on the thermal trends.  
 

 
Figure 5: Time series of PS of Corio descending 
radarsat datasets compared with t he average 
temperature of the day of image acquisition.  
 
4.2 Long term and seasonal trend related to 
landslides and subsidence.  

A further step of this work was to check the reliability 
of TS and to improve the knowledge about some wide 
areas processes like subsidence or landslides. To make 
this we compared time series with other monitoring data 
(rainfall, inclinometers) to see how TS match with them.  
For landslides the test sites, where monitoring data and 
PS/DS are both available, are not so much so the 
majority of the comparison was made with rainfall or 
snowfall data.  
A landslide with a displacement rate at the limits of PS 
detection (i.e. 50 mm/yr for Radarsat) can be well 
described only if its movement is linear. 
Also landslides of very slow type but that presents a 
rapid acceleration are not good for time series that may 
be affected by phase unwrapping effects described in 
the next paragraph. 
The DSGSD (deep seated gravitational slope 
deformations) in the Alps or the complex landslides in 
the Apennines are the landslides more interesting and 
suitable for TS analysis.  
To detect interesting trend, a landslide with an 
“intermediate” rate of movement (in scale of PS it 
means between 3 and 20 mm/yr) was selected (the 
Crociglia landslides).  
The landslide of complex - slow flow type affects the 
village of Crociglia in the NW Apennines (Oltrepò 
Pavese). The gentle slope toward West is ideal for a PS 



analysis and the presence of PS/DS of 4 dataset (ERS 
and Radarsat in both geometries of acquisition) allows 
making a detailed analysis of SAR data.  
In this analysis we applied the “spatial averaging” of the 
TS of PS/DS in the landslide sector interested by 
movement.  
The time series of ERS data show two clear trends (fig. 
6), one in the period may 1995 - may 1997 with an 
average velocity up to -10 mm/yr, the second in the 
period 1997 - 2000 with an average velocity of -3 
mm/yr and an acceleration at the end of 2000. These 
trends can be correlated with long term rainfall.  
It was possible, with some difficult (due to the noise 
effects), to extract a seasonal trend of velocity: the 
period November - June with higher velocity and the 
summer period with slow displacement (fig. 7).  
 

 
Figure 6: ERS 1-2 descending TS in the period 1995-
2001 and 6 months cumulated rainfall.  
 

 
Figure 7: ERS 1-2 descending TS 1995-2001 of the 
velocity (calculated over a period of 6 m onths) and 6 
months rainfall. 
 
The RADARSAT data, characterized by less noised 
data, result in better quality time series (fig. 8). Also in 
this case it is possible to find different trends. A notable 
acceleration of movement up to -20 mm/yr is evident in 
the period 2008 - 2009 and can be related with a very 
wet and snowy period from December 2008 to April 
2009. Seasonal trends are also evident and it is very 
similar to the trends detected by ERS (fig. 9).  

 
Figure 8: Radarsat descending TS in the period 2003-
2009 and 6 months cumulated rainfall. 
 

 
Figure 9: Radarsat descending TS 2003-2009 of the 6 
month velocities and 6 months rainfall. 
 
It is possible to distinguish two periods per year: from 
June to October a “dry” period when the LOS velocity 
is usually less than -4 mm/yr, while in the winter - 
spring period the LOS velocity is between -10 - -15 
mm/yr . 
By combining the TS of ascending and descending 
geometries of Radarsat data it was possible to resolve 
the vertical and E-W component of the velocity 
calculated on seasonal periods (Fig 10). The result 
shows that the horizontal component (to West) of the 
velocity presents strong seasonal variation most 
probably related with landslide movement. The vertical 
component is weak and less affected by seasonal trends 
and also other processes (probably related with clay 
shrinking) may be the cause of its trends.  
The other geological process that can be well described 
by TS is the subsidence.  
We have analyzed the time series of PS and DS over 
Pontecurone village, in the SE Po plain in Piemonte 
region. We compared the SAR data with ground water 
level (from 2005 to 2010) of monitoring of Region 
Piemonte close to the area of study (fig 11).  
 



 
Figure 10: Radarsat TS (2003 -2009) of the 6-month 
velocities resolved in East-West and Up -Down 
component and 6 months rainfall. 
 
The PS show a weak subsidence (2 mm/yr) during the 
period 2003-2010 that affects the whole village. With a 
more detailed analysis it was possible to detect two 
different trends.  
The first is al long-time trend from 2005 to 2008, we 
have a subsidence of 3 mm/yr then until 2010 it appears 
an uplift of 6 mm/yr. This trend seems to follow the 
ground water level but with some delay: from 2005 to 
2007 the average depth to groundwater change from 18 
to 20 m, in 2010 upraise to 15 m.  
The second is a seasonal trend. From April (end of rainy 
period) to October (end of dry and field irrigation 
period) the depth ground water have an oscillation of 
2/3 m, the time series with a short delay show an 
oscillation of abut 5/6 mm.  
The ground oscillation may be not to directly link with 
groundwater level. The study area is covered by a 
thickness of some meters of clay and silt. The shrinking 
and expansions of this clay layer (with same temporal 
trend of groundwater levels because both related with 
rainfall) may be also the cause of the ground movement 
detected.  

 
Figure 11: Pontecurone (AL). TS compared with 
groundwater levels (2005-2010). 
 
 
 
 

4.3 TS and Inclinometers data  

Inclinometers and time series calculate the displacement 
in different way:  
> the inclinometers register the cumulated displacement 
along the line of maximum movement and they are 
refereed to a stable surface under the sliding surface; 
> the PS/DS time series is not cumulative displacement 
curve: each measure is the difference with the original 
master image (usually at the first image of the sequence) 
Moreover the points of measure are usually placed on 
buildings, debris and other object that can be affected by 
other movements, the reference point is outside the 
landslide.  
In our area of study the sites we have good 
inclinometers data and at the same time interesting time 
series, are not so much.  
Inclinometers and time series data of a planar landslide 
near San Benedetto Belbo in the Langhe hills are 
compared in the figure 12. The two plots, even if the TS 
of VLOS suffers some noise effects, show a good match 
and the acceleration of the movement in the period 2008 
- 2009.  
 

 
Figure 12: Comparison of TS and inclinometers data in 
San Bendetto Belbo landslides (Langhe Hills, Cuneo) 
 
Another example of quite good correlation is the 
DSGSD of Grange Sises (Bessen Haute) in NW Alps 
(Turin) (fig 13). The time series was compared with the 
high of the snow at ground. This DSGSD seems to have 
long term trend related to rainfall and to snow melting. 
After a dry period (2004-2008) with slow movement the 
rain fall of May 2008 and the snowy winter 2008-2009 
the displacement increased up to 20 mm/yr.  
The inclinometers data partially confirm this trend. A 
static inclinometers showed slow movement in the 
period 2004-2007 (5 mm/yr), however in 2008 it was 
broken by landslide movement. Another inclinometer 
installed in 2005 shows an acceleration in 2008.  
 



 
Figure 13: DSGSD of Grange Sises (Turin). The hight 
of snow at ground (blue line), the partial linear 
regressions of TS R adarsat descending (red line) and 
two inclinometers (green and purple lines) in the period 
2003-2009.  
 

4.4 Detect potential phase unwrapping  
 

The landslides usually don’t have a regular and linear 
trend but the rate of movement change during the year 
due to the external conditions (rainfall, snow melting, 
ground water...). The non-linear time series can detect 
quite well the smooth change in the rate of movement 
like a seasonal or long terms trends but not the rapid 
acceleration.  
If a landslides (or other process) move more than λ/4 
between two acquisitions (14 mm with C band) is not 
possible, without any other information to determine the 
real displacement. If the movement is very fast we have 
the lost of coherence and the PS/DS is lost, but if the 
movement is in the order of 1 / 2 phases shift probably 
the PS is not lost and we under estimate the real 
movement.  
The planar landslides the Langhe hills show this 
behaviour. These landslides have a slow or absent 
movement during the monitored period. Only severe 
rainfall events can trigger a rapid acceleration and 
sometimes a collapse with displacement of many meters 
like in the flood of 1994. In this case we obviously loose 
PS target. For less severe events (i.e. April 2009) we 
can have acceleration in the order of some centimetres 
and in this case, the displacement can be detected as a 
phase shift.  
A possible case of phase unwrapping is give by figure 
14. The chart represents the TS of a PS over a planar 
landslide in Vernetta village, Langhe hills.  
The TS show a stable trend until December 2008. After 
the TS is much noised however it is possible to detect a 
strong movement if we suppose at least two phase 
unwrapping.  
We applied to the TS two possible shifts of phase (56 
mm) between December 2008 and April 2009 in 
correspondence of a rainy period with a displacement of 
at least 7 cm.  

An inclinometer of ARPA Piemonte (Fig 15), close to 
the PS, registered a strong acceleration in 
correspondence of flood event of 28th April 2009 with 
20 cm of displacement. Also on field was possible to 
detect some damages to the roads (Fig 16). This may be 
a confirmation of the possible phase unwrapping.  
 

 
Figure 14: A time series with the possible phase 
unwrapping (Vernetta landslides Langhe hills)  
 

 
Figure 15: An inclinometers plot close to the PS show a 
very strong acceleration (then was probably cut) of the 
movement in the flood event of 28th April 2009 [8] 
 

 
Figure 16: Bump in the road near Vernetta (May 2009) 
 
 
 
 



5. CONCLUSIONS  
 

In this work we propose some methodologies for TS 
interpretation. With the “partial slope” it is possible to 
extract the velocity of ground deformation for each 
period with a homogenous trend of displacement. 
With the “spatial averaging” we use the average of the 
time series of PS/DS that correspond to the same 
process in order to filter the noise effects.  
In the study area many time series related to different 
type of processes (landslides and subsidence) fit very 
well with the expected behaviour of the processes and 
with the traditional monitoring data.  
On the other hands some time series present trends 
affected by different types of “errors”. Some of this 
“errors” are due to the kinematics process like the phase 
unwrapping due to a fast movement.  
Others errors are more related with processing or other 
noise affecting the images and are more difficult to 
solve. 
The results of the analyzed case histories suggest the 
following considerations:  
> the non linear model describes the (slow) natural 
processes in more realistic way and can be compared 
with traditional monitoring systems 
> the TS have to be interpreted at a local scale each 
process as a proper behaviour that is registered by the 
TS in different ways;  
> the effect of thermal dilatation especially on man 
made object may be taken into account. If this and other 
local effects (like single building settlement) affect the 
reference point all the TS should be noised; 
> in many cases related to landslide and subsidence with 
slow and constant movement it is possible to detect 
different trend in the period of measure. Usually long 
term trends are easy to identify and in some cases also 
seasonal trends may be detected. The displacement rate 
is usually related to rainfall or groundwater table 
variation;  
> In the case analyzed it was possible to see a quite 
good agreement betweens TS and inclinometers. 
However it is difficult to compare TS with 
inclinometers data, this is due to the different time 
sampling, the period of measure, the direction of 
measure. Usually is better to do a qualitative 
comparison than a quantitative. For instance it is 
important to verify that both the system detect the same 
temporal trend of deformation like accelerations or 
stops than the absolute rate of movement;  
> sometime it is possible to detect process moving more 
than λ/4 between two acquisitions by applying a phase 
unwrapping but to confirm this is necessary to compare 
with other monitoring data, and consider this data with 
“extreme caution”;  
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