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ABSTRACT 
 
Over the last three decades interferometric synthetic 
aperture radar (InSAR) techniques have attained a 
fundamental role in surface deformation monitoring. The 
main importance is given by two key factors: the 
exploitement of rich SAR data archives and the 
development of processing techniques able to extract 
information from these datasets. InSAR time series 
techniques such as permanent scatterers (PS) or SBAS have 
proven capable of estimating displacements to with 1 mm 
precision for targets that show a stable electromagnetic 
signature. At the same time the availability of SAR 
constellations with a reduced revisit time, such as the X 
band COSMO-SkyMed (CSK) and TerraSAR-X/PAZ 
satellites, has reduced the minimum detectable deformation 
gradient between two neighboring points and improved the 
theoretical precision given for a network of selected stable 
pixels. Independently from the applied processing 
methodology, the main drawback at X-band is the shorter 
time interval to temporal decorrelation. This effect can be 
partially mitigated by a short repeat time acquisitions plan. 
A technique able to deal with distributed scatterers is 
fundamental for extending the spatial coverage of the 
coherent area. In this paper we analyze the potential of X-
band COSMO-SkyMed short repeat pass interferometry 
over a rural area in the southern part of Italy for assessing 
the capabilities and limitations of  the Quasi-PS (QPS) 
technique in an X-band non-optimal scenario. 
 

Index Terms— InSAR, rural area, decorrelation, time-
series analysis, Basilicata 
 

1. INTRODUCTION 
 
The ongoing development of constellations of Synthetic 
Aperture Radar (SAR) satellite with short repeat time 
acquisitions allows us to explore the behavior of earth 
processes and anthropogenic phenomena with an 
unprecedented temporal and spatial resolution [1,2]. Such 

improvement, from monthly to daily repeat times, sheds a 
new light on the dynamics of ongoing processes deforming 
the Earth’s surface [3], allowing a better characterization of 
both seasonal and secular deformation trends. SAR 
interferometry (InSAR) has been widely used for detecting 
deformation due to these various mechanisms. InSAR is 
characterized by several limitations such as variable 
atmospheric signal delays, orbit errors and temporal and 
geometric decorrelations. To mitigate these errors and better 
resolve time-varying deformation signals multitemporal 
InSAR analysis techniques have been developed, such as 
persistent scatterers (PS) interferometry (PSI) [4] and small 
baseline subset (SBAS) interferometry [5].  
Each single technique has its own advantages and 
limitations. Several approaches and combinations of these 
two different techniques have been developed in [6-9]. 
PSI has the advantage of using very large baseline InSAR 
pairs referred to a common master for estimating time series 
of deformation and height accuracy at scatterers with a 
stable elctromagnetic signature (ie. not affected by temporal 
and spatial decorrelation). A limitation is its lack of spatial 
coverage over natural terrains. 
 

 
Fig. 1. Study area. Inset: (top) ground view of the rural area 
showing the scenario dominated by distributed scatterers. 
(bottom) Pertusillo dam located south the Agri valley.  
The SBAS technique has the advantage of using a network 
of interferograms, estimating deformation at points that hold 



The SBAS technique has the advantage of using a network 
of interferograms, estimating deformation at points that hold 
high spatial coherence in time (i. e. a group of temporarily 
coherent pixels given a certain set of temporal baselines). 
While not requiring a master image, SBAS-type techniques 
do require a reference date and pixel (or group of pixels). A 
limitation is the need for temporal network connectivity. 
Independently from the InSAR time-series strategy used the 
main limiting factor for InSAR over rural areas is the 
temporal decorrelation [10]. The changing physical 
properties of the ground such as, reflectivity, soil moisture, 
land use and vegetation are the main cause of temporal 
decorrelation. Physically speaking rural areas can be defined 
as a group of distributed scatterers (DS) from which we can 
extract useful information after applying a spatial filter. As 
an example the simplest filtering operation that is commonly 
applied in SAR processing is multilooking. Besides 
changing parameters of the specific filter, the lower limit for 
retrieving useful information from DS is represented by the 
decorrelation time. This is a function of the radar 
wavelength and the physical properties of the soil and 
climatic parameters . After fixing the radar wavelength the 
only way to retrieve useful information from DS is reducing 
the minimum termporal sampling interval below the 
decorrelation time.  
A recent analysis underestimates temporal decorrelation 
parameters using a direct inversion method mainly due 
to the lack of short-term interferometric combinations [11]. 
In this sense CSK provides a unique occasion for analyzing 
the effect of temporal decorrelation over rural areas at X-
band (3 cm wavelength) with its non-uniform acquisition 
sampling (1,3,4,8,16 days and its multiple combinations). X-
band is the less suitable wavelength for looking at DS 
because it is more sensitive to surface changes. In this paper 
we examine two test sites in southern Italy covering the 
Basilicata region, highlighting the impact of a short repeat 
time acquisition plan. Following a recently developed 
decorrelation model [11] we analyze the temporal 
decorrelation affecting the CSK dataset acquired with the 
full constellation (4 acquisitions very 16 days), showing 
how the QPS technique allows us to capitalize on the 
information present in distributed scatterers in areas where 
the PS approach typically fails. We also show the 
importance of short-repeat interval interferometry for 
monitoring the dynamics of deformation at the Pertusillo 
dam in Val D’agri, that is primarily driven by thermal 
induced deformation and the water hydrostatic pressure.  
 

2. TECHNIQUE 
 
In this section the fundamental concepts of the PS and 
Quasi-PS extension algorithm are reviewed. For further 
details, we refer the readers to [4], [8] and [11]. 
 
2.1. The PS and QUASI-PS technique 
 

In both the PS and QPS techniques target height and 
velocity are estimated maximizing the phase coherence ξ of 
each selected pixel [4]. The main innovation in the QPS 
technique is the introduction of the spatial coherence γ as a 
weight in the estimation process.  According to both 
techniques the formula becomes:    
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Where Δ𝜙!,!!  and Δ𝜙!,!!  are the phase terms that depend on 
the target height and the deformation velocity and Δ𝜙!!  is the 
acquired interferometric phase compensated for flat terrain. 
K is the total number of interferograms used. 
The main differences between the PS and QPS techniques 
are the pixel candidate selection, and the graph connecting 
in space and time all the acquisitions. In the PS technique 
initial candidate pixels are chosen within the pixels that 
exhibit an amplitude stability index above a given threshold 
(typically 0.8). The link network is arranged as a single 
master image interfering with all the slaves and only PS are 
processed without requiring interferogram generation. 
The QPS technique candidate pixels are chosen according to 
the spatial coherence map of the single interferogram. The 
interferogram graph structure is based on a minimum 
spanning tree (MST) approach maximizing the normalized 
cross-correlation coefficient between two images. 
Theoretically every pixel could have a different 
interferogram network that maximizes its spatial coherence. 
The improvement of the QPS technique is the ability to 
include pixels affected by temporal or spatial decorrelation 
phenomena (i. e. distributed scatterers) at the expense of the 
spatial resolution reduced by the spatial averaging intrinsic 
to the coherence map generation process. 
 

 
Fig. 2. Scatter plot of the estimated coherence versus 
temporal baseline. The average coherence as been calculated 



over all the possible 1653 interferograms given 58 
acquisitions. 
 

 
Fig. 3. Cumulative displacement maps (top) QPS (bottom) 
PS over Potenza town. The QPS using the full graph show 
landslide area already identified in [16] with ground based 
measurements. 
 
2.2. Temporal decorrelation model 
 
In order to optimize the MST and identify possible 
criticalities in the SAR dataset a temporal decorrelation 
model is required when looking at time-series analysis in 
rural areas. The practical utilization of these models is 
mainly related to the estimation of the decorrelation that is 
typical relative to the land use. For this purpose we adopt 
the temporal decorrelation model developed in [11]. This 
model, initially announced in [12] and [13], describes 
scatterers within a resolution cell as a two-state Markov 

chain random process where pixels assumes two different 
states: coherent or incoherent. A minimum coherence value 
γ∞ and an initial coherence γ0 is then introduced leading to:. 
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Where σr is the variance of the motion of the scatterers in 
the line of sight direction and λ is the radar wavelength. 
We found through a non-linear least squares approach that, 
on average, the entire scene is characterized by τ = 23.14 ± 4 
days, γ0 = 0.29 ± 0.02 and γ∞ = 0.18 ± 0.003 (Fig.2). We 
found that this dataset is insensitive to geometrical 
decorrelation since all the pairs with normal baseline larger 
than 150 meters do not show a particularly different 
behavior if compared with shorter normal baseline pairs. 
Given the γ0 and τ found for this particular dataset we expect 
that the QPS approach will significantly extend the analysis 
to distributed scatterers. 

 
3. DATA PROCESSING 

 
We processed 54 right-looking CSK ascending images 
acquired between September 2010 and February 2012 over 
Potenza in stripmap mode in VV polarization, at an off nadir 
angle of 43.5 degrees (beam HI_16). The PS and QPS 
processing have been performed using the SARPROZ 
algorithm [14]. The technique used in this analysis is a 
classical InSAR multitemporal processing method, in which 
we adopted a non-linear model of deformation in time [15]. 
For the QPS technique we consider a coherence estimation 
window of 3 by 3 pixels and a multilook factor of 10 in both 
the azimuth and range directions. We exploited the full 
graph composed of 1653 interferograms using 0.7 as the 
threshold for the coherence. For the PS technique we used 
as threshold of 0.78 for the amplitude stability index. 
 

4. RESULTS  
 
Figure 3 shows the cumulative displacement maps for the 
Potenza dataset calculated with both the PS and QPS 
techniques. About 20,000 PS where indentified versus 
360,000 coherent pixels analyzed with the QPS algorithm. A 
180% improvement of detected usable pixels allowed us to 
extend the spatial coverage of our analysis and highlight 
important features related to areas subject to landslides. We 
found a good agreement between our displacement map and 
the landslide inventory from [16]. In particular the QPS 
technique is able to better characterize the Varco D’Izzo 
landslide [17] whereas the PS technique showed only a few 
PS detected. Beside the improved spatial coverage, it is 
interesting to show how short repeat-pass interferometry 



allows measurement of the dynamics of the seasonal 
deformation at the Pertusillo dam (Fig. 4). The deformation  

 
in this case is mainly driven by the temperature and the 
hydrostatic pressure of the water on the walls of the dam. 
The application of new stacking techniques together with 
short-repeat time interferometry looks promising for 
monitoring rural-areas and for measuring and identifying 
time-varying deformation processes. 
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Fig. 4. Seasonal dynamics at the Pertusillo dam. The 
deformation recorded by CSK time-series is the 
superimposition of two separate seasonal effects related to 
the thermal dilation and hydrostatic pressure at the dam 
walls. 


