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Abstract: This paper presents a methodology taking advantage of the GPOD-SBAS service to
study the surface deformation information over high mountain regions. Indeed, the application of
the advanced DInSAR over the arduous regions represents a demanding task. We implemented
an iterative selection procedure of the most suitable SAR images, aimed to preserve the largest
number of SAR scenes, and the fine-tuning of several advanced configuration parameters.
This method is aimed at minimizing the temporal decorrelation effects, principally due to snow cover,
and maximizing the number of coherent targets and their spatial distribution. The methodology
is applied to the Valle d’Aosta (VDA) region, Northern Italy, an alpine area characterized by
high altitudes, complex morphology, and susceptibility to different mass wasting phenomena.
The approach using GPOD-SBAS allows for the obtainment of mean deformation velocity maps and
displacement time series relative to the time period from 1992 to 2000, relative to ESR-1/2, and from
2002 to 2010 for ASAR-Envisat. Our results demonstrate how the DInSAR application can obtain
reliable information of ground displacement over time in these regions, and may represent a suitable
instrument for natural hazards assessment.
Keywords: high mountain regions; ground surface deformation; DInSAR; GPOD-SBAS

1. Introduction
Glaciers and paraglacial processes, as landslides and rock glaciers, play an important role in
the short- and long-term landscape evolution of high mountain regions [1–3]. Changes in climatic
conditions, as well as human activity, can have a severe influence on such geomorphological processes,
and increase the frequency and intensity of catastrophic mass wasting events [4,5]. In alpine
regions, glaciation has been recognized as one of the most important agents influencing the regional
geomorphology [6,7]. Indeed, several geological and geomorphological studies have outlined the
relation between large slope instabilities and deep-seated gravitational slope deformation located in
glacial valleys, likely due to the debuttressing caused by glacier retreat [8–11].
In this scenario, monitoring surface deformation in high mountain regions can help to better
interpret the kinematic behavior of mass wasting processes, and to infer potential influences of
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meteo-climate variables on their evolution [12–14]. This information is crucial to increase our
capability to assess landslide hazards, and to manage the associated risks [15–18]. In recent decades,
surface deformation in mountain environments has been measured by means of diverse monitoring
approaches, ranging from classical in situ instruments [19–24] to more advanced remote sensing
methods [25–28]. In situ instruments are typically installed to obtain a time series with high
temporal resolution, which allows for a better analysis of local phenomena over time, while remote
sensing techniques are more suitable for the evaluation of deformation trends at regional scales.
Among different techniques, space-borne differential synthetic aperture radar (SAR) interferometry
(DInSAR) has gained an important role in measuring ground displacements over the last few years [29].
DInSAR is a consolidated method used to provide data with extensive spatial coverage and to
investigate different types of phenomena simultaneously, including those hindered by limited or
difficult access. For example, DInSAR was successfully applied to detect and monitor slow movements
of mountain slopes in the order of few centimeters/year in the Austrian and Swiss Alps, and the
Pyrenees, confirming its operational potential in high mountain areas [30–32].
Advanced DInSAR methods have been developed to derive ground velocity maps and
displacement time series [33–35]. The small baseline subset (SBAS) technique [34], which combines
sets of interferograms with small orbital separation (baseline) and short revisiting time to reduce the
temporal decorrelation and maximize the number of coherent SAR targets, has proven to be suitable in
different deformation scenarios [36–39]. Accuracies are in the order of 1 mm/year for mean surface
velocities and 5 mm for displacement measurements [40].
Nowadays, the increasing availability of multi-temporal satellite acquisitions allows for the
generation of time series of ground deformation spanning periods as long as 20 years. This information
is particularly suitable for studying the long-term behavior of landslides, rock glaciers, and glaciers.
However, the analysis of surface deformation via DInSAR is challenging for several reasons, including
(i) the high topographic gradients associated with the complex orography; (ii) abundant vegetation
affecting the temporal correlation of the SAR signal; and (iii) unsuitable valley flank orientations
relative to the SAR view angle [41–44]. Moreover, DInSAR ground deformation monitoring for
systematic analyses is complicated due to the intrinsic limitations of the technique (i.e., coherence
loss due to large revisit time, phase decorrelation due to large or rapid displacement, and line-of-site
(LOS) measurements only) [33,45–47]. Additional issues are caused by the atmospheric phase screen
(APS), which is amplified by high topographic gradient in high mountain regions. The APS, caused by
the atmospheric pressure, temperature, and water vapor variations between two SAR acquisitions,
may cause artifacts on the surface deformation results [48]. Moreover, SAR images acquired in winter
periods are highly affected by snow cover, which causes temporal coherence loss [47,49,50].
All these factors have to be carefully taken into account for SAR data processing to thoughtfully
interpret the ground deformation in high mountain regions. In several cases, however, the complexity
of SAR data processing, as well as the large number of attempts to be performed before obtaining
reliable results, hinders the achievement of surface deformation results. Currently, the application
and the treatment of SAR data in high mountain regions requires specific background knowledge
of the user and demand the application of complex processing algorithms and software. Moreover,
the increasing amount of SAR data available from different satellites missions leads to rising needs of
storage and computing resources. Recently, a relevant service was released within the ESA GRID-based
operational environment [51], i.e., the unsupervised implementation of the Parallel-SBAS (P-SBAS)
algorithm [52]. GPOD is coupled with high-performance and sizeable computing resources managed
by GRID technologies, and it provides flexibility for building an application virtual environment with
quick accessibility to data, computing resources, and results. The users access various services useful
in the EO applications through a web interface, which guides the users from the creation of a new task
until the results publication, passing through the data selection and the job monitoring. The P-SBAS
algorithm has been implemented to exploit the GPOD resources, and to process the SAR data archived
by ESA to perform the full SBAS-DInSAR processing chain in an unsupervised fashion from the
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Level 0 (raw) SAR data to the generation of surface velocity maps and displacement time series [53].
Since the average processing time is smaller than 24 h, several processing attempts can be performed in
a reasonable time-span to optimize the final results on a specific target area. The main advantage of this
service, hereafter referred to as GPOD-SBAS, is that users with different backgrounds, more interested
in the analysis of the surface deformation due to different natural and/or anthropic processes than in
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Relief terrain of the study area (the Valle d’Aosta (VDA) region, Northwestern Italy). The
Figure 1. Figure
Relief1.terrain
of the study area (the Valle d’Aosta (VDA) region, Northwestern Italy). The map
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Montagna Sicura [54].

From a geological point of view, the VDA region is part of the alpine chain [55–59], passing
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presents a complete section of the orogenic prism including (i) the Austroalpine domain; (ii) the
ophiolitic Piedmont zone; and (iii) the Pennidic domain. These tectonic-metamorphic units composed of
a complex pile of nappes, which present a post-collisional tectonic activity and a neo-tectonic dislocation
system activation (e.g., semi-graben Aosta-Ranzola fault) [57]. The morphological traits of the VDA are
characterized by the main valley trending east–west (Dora Baltea Valley). This is a wide (3400 km2 ) glacial
valley with several tributary valleys (trending north–south), which ends around the Pont Saint Martin
municipality, at the Ivrea moraine amphitheater, the main evidence of Quaternary glaciations [60].
As typical in alpine valleys, VDA has a prevalence of highly vegetated areas, while human
settlement distribution is located at the valley bottom. The land cover is prevalently represented
by forest, natural grassland, and rock outcrops with little or no vegetation. In addition, the massifs
dominating the VDA landscape act as morphological boundaries and deeply influence the local climatic
conditions. Indeed, the high peaks limit the access of air masses from the Mediterranean Sea or the
Atlantic Ocean, causing a clear difference in the rain and snow precipitation regimes [61]. The regional
climate, in mountainous and marginal sector, is characterized by wide range of temperatures and
rainfall/snowfall (min, max and average values of 1000–1100 mm/year, while, in correspondence of
the principal valley bottom, by a temperate climate, characterized by relatively lower rainfall (lower
than 600 mm/year) [62].
2.1. Mass Movement in the Valle d’Aosta Region
The slopes of VDA are characterized by high density of mass movements, which can be
synthetically grouped in glaciers, rock glaciers, and landslides. These phenomena are mainly
related to the long- and short-term evolution of glacial, periglacial, and paraglacial processes [63,64].
Glaciers nowadays occupy as much as 5% of the regional territory, which represent one-third of
the Italian glaciers [65]. The rate of ground deformation vary significantly passing from glacier
flows, which is characterized by rates of tens to hundreds of meters per year, to permafrost creep,
in order of cm to m per year [63,66,67]. The alpine permafrost has a very variable and fragmented
distribution, showing creep deformation depending on permafrost temperature [68]. Rock glaciers
(RGs), i.e., periglacial landforms common in high alpine environments, occupy about 2% of the VDA
territory [69,70]. RGs are defined as lobate to tongue-shaped structure of frozen rock debris, with steep
front and side slopes, interstitial ice cement, ice lenses, a core of massive ice, or a combination thereof.
These ice-rocky structures may creep depending on the mountain permafrost condition. Due to the ice
content, the RGs are classified as active, inactive, or relict [70–72]. Active RGs have higher ice content
and move downslope with velocities ranging from several cm/year to several m/year [73]. Inactive
RGs contain some ice, but do not move. Finally, relict RGs present a front slope less steep gradient and
are frequently covered by vegetation, do not contain ice, and do not move. In VDA, 937 rock glaciers
were identified, and most of them (56%) were classified as relict [74–76]. The intact RGs are located at
a higher altitude, presenting a lower limit variable from 2126 m and 3150 m a.s.l., and a prevalently
northeast-to-northwest exposure. The relict RGs are located not below 1600 m a.s.l. altitude, and reach
on average at the upper limit of 2700 m a.s.l., presenting variable exposure.
Another important gravitational process that affects 18% of the VDA territory [77,78] are
landslides. These phenomena vary in size and typology, from shallow landslides (soil slips, planar,
and rotational sliding) to large slope instabilities. In the VDA region, deep-seated gravitational slope
deformations (DsGSDs) affect at least 13.5% of the regional territory [77], for a total of 280 phenomena
inventoried. These large slope instabilities are widespread phenomena in mountain areas of the
entire European Alps [11,79] and represent a large mass movement of an entire high-relief flank
valley [80]. Their evolution is controlled by the interaction of different factors: lithology, geology,
climate weathering, seismicity, and deglaciation [11]. In most cases, DsGSDs are located in initially
glacial valleys and related to Lateglacial trigger [80]; for these phenomena, the major cause of instability
is ascribed to glacial debuttressing. These phenomena generally present very slow–slow deformation
rates, variable from a few millimeters per year to a maximum of a few centimeters per year in
uncommon cases [81].
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Table 2. Summary of the features of the attempts processed by the GPOD-SBAS service for the
ASAR Envisat database in the VDA study area, also reporting the different values of the GPOD-SBAS
processing parameters.
Attempt

Satellite

Orbit

Images

Results (Number
of Targets)

T1

ENV

ASC
DESC

50/50
46/46

4598
2143

T2

ENV

ASC
DESC

38/50
38/46

13343
5987

T3

ENV

ASC
DESC

37/50
37/46

T4

ENV

ASC
DESC

37/50
37/46

Increment from
T1 (%)

Ground Pixel
Size (m)

Coherence
Threshold

80

0.7

193%
179%

80

0.7

19011
9748

313%
355%

80

0.7

33086
20317

620%
848%

40

0.8

In T1, we processed all the available images for each Envisat dataset by keeping the default
parameters of the GPOD-SBAS unmodified; this task is very important because it allows us to produce
a large number of interferograms involving all the available SAR scenes and to retrieve a complete
overview of the whole SAR dataset. Moreover, the results achieved represent a backbone analysis
carried out with the maximum number of available acquisitions; thus, they provide a deformation
time series with the highest temporal sampling. However, the spatial distribution of resulting coherent
targets is limited.
In order to increase our capacity for image surface deformation phenomena, in T2 we reprocessed
only the images acquired from April to November without changing any other input or parameter,
assuming that the snow season in VDA corresponds to the December–March period [84]. The approach
followed in T2 can be particularly critical because it introduces very long temporal gaps in the SAR
dataset during the winter periods and can strongly reduce the number of available acquisitions.
Moreover, it does not guarantee the removal of all acquisitions affected by snow cover because
the climatic conditions in mountain areas can significantly change year-by-year and zone-by-zone.
However, the second analysis significantly improved the number of targets with respect to the first
one: if we consider, for example, the Envisat ascending data, we registered an increase in the number
of targets of 193% (Table 2).
As stated above, snow seasons in VDA mainly range from December to March; however, there are
exceptions. For example, the 2008–2009 winter registered extraordinary snow season from November
to May [84]. According to this experience, in T3 we improved the SAR image selection method
throughout the analysis of meteorological records coeval to SAR observation. Considering several
weather stations of the regional meteorological network, a day-by-day analysis in correspondence
to the satellite acquisition epochs is carried out. All the considered weather stations [85] are located
above 2000 m a.s.l. to guarantee the significance of the meteo-climatic measurements for high
mountain environments. This analysis is performed in two phases: (i) snow coverage identification and
(ii) interferogram evaluation. In particular, we examined the daily rainfall (in mm) and the snow
depth (in cm) parameters. The images characterized by abundant rain or snow precipitation were
discarded from further analyses. Successively, an interferogram analysis was performed to identify
SAR acquisition strongly affected by snow cover. During this analysis, arbitrary thresholds were
considered. We observed that over 50 cm in snow depth could generate noisy interferograms.
Regarding rainfall, only a single image was discarded from the analysis (28 May 2007), associated with
a rainfall event of more than 30 mm/day, which has also generated, in this case, noisy interferograms.
According to the analysis of the meteo-climatic parameters, we discarded only the images associated
with the most critical values of daily rainfall and snow depth to ensure the SBAS processed the
largest number of acquisitions. Using this fine-tuning, in T3 we still improved the number of targets:
considering the Envisat ascending orbit again as a reference, the increment of coherent points with
respect to the first analysis is of 313% (Table 2); with respect to T2, an increase in the number of targets
to 5668 was revealed.

Remote Sens. 2016, 8, 852

9 of 25

It is worth noting that, for the reliability of the SBAS-DInSAR analysis, it is very important to
keep in the processed dataset a number of SAR acquisitions as large as possible to preserve a good
temporal sampling and to limit as much as possible the presence of temporal gaps [86]. Accordingly,
we only removed the SAR acquisitions affected by a widespread snow cover that clear impacts on the
spatial coherence of the interferograms. To this aim, it was crucial to crosscheck the meteo-climatic
conditions that provide local information and with the quality of the interferograms that supply
large-scale information.
Finally, in T4, we performed a final tuning of the processing parameters [53], such as the ground
pixel dimension (from 80 m to 40 m) and the coherence value of the analyzed pixels (from 0.7 to 0.8),
while the default values of the maximum perpendicular (400 m) and temporal baseline (1500 days)
were maintained. The increment of the number of targets (Envisat ascending orbit) for this last
processing corresponds to about 620%.
Similar or even larger increments were observed for the Envisat descending analysis (Table 2).
The significant increment of coherent targets due to the fine-tuning of the processing parameters in T4
is worth noting. This can be mainly explained by the coherence value used in this task. This parameter
allows users to define the selection of the pixels to be considered in the SBAS analysis by changing
the spatial network of the pixels to be unwrapped [87]. The default value in the GPOD-SBAS service
is 0.7, and it is suitable for a very large number of test sites. However, in some particular sites, the
presence of a very large number of target with poor coherence can hinder the phase unwrapping (PhU)
operation [87] within the GPOD-SBAS service processing chain. In these cases, the PhU results can be
significantly improved if only the targets with very high coherence are selected. This generally happens
in mountain areas, where the pixels are characterized by lower coherence values and, moreover,
have a sparse distribution over the scene, thus making PhU step a challenging operation.
4. Results
By exploiting the GPOD-SBAS, we obtained mean deformation velocity maps and displacement
time series for the VDA regional territory, covering a time interval of more than 4 years (ERS-1/2)
and of more than 6 years (ASAR-Envisat), respectively (see also Figure S1). Table 2 summarizes
the testing activity done to perform the iterative procedure implemented for the high mountain
region, operating on the Envisat dataset, and later directly applied to the ERS-1/2 dataset. All of the
processed tasks were successfully completed by the unsupervised GPOD-SBAS service in less than 24 h.
Depending on the SAR images considered, and on the processing parameters applied, we obtained a
different amount of coherent targets (see Table 2). In Figure 5, we show the distribution of coherent
targets subdivided according to slope class, obtained by the slope calculation from a DTM with 10 m
square grid spacing for each processed task of the Envisat datasets. We note that, for all the datasets,
we have a general increase in the number of coherent targets for all slope classes. In the first task T1,
the prevalent distribution corresponds to the lowest degree slope (0◦ –20◦ ), coincident to the most
urbanized areas, corresponding to the most coherent sectors. On the contrary, on the high to very
high classes (40◦ –60◦ and >60◦ ), we note a general lack of target distribution. However, the number of
targets obtained in T4 is as large as one order of magnitude with respect to T1.
In Figures 6 and 7, we present the best results obtained for both Envisat (ascending and descending
orbits) and ERS (ascending orbit) datasets (see also Figure S1). Coherent targets are mainly located at
the main valley bottom, where urbanized areas (e.g., streets, railway, main towns, hamlets, and isolated
building) are located. Within the observed period, LOS velocities in these areas are rather small, ranging
from about ±0.2 cm/year and comparable between Envisat and ERS processes, confirming an overall
ground stability. Relative to the ERS-1/2 dataset, directly processed on the basis of the results achieved
with the Envisat analysis, a significantly lower data coverage respect to the Envisat resulted, presenting
a total amount of targets of 8574. As expected from the SAR visibility analysis performed (see Figure 2),
coherent target distribution is mainly on east-facing slopes, in ascending orbit, and on west-facing
slopes, in descending orbit. Moreover, in the valleys, targets are mainly localized in hamlets and
villages, as well as in areas of little or no vegetation (e.g., talus, moraine, and bare rock).
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Two specific examples are reported and illustrated in Figures 8 and 9. The first example is the
Beauregard DsGSD, located in the southwest portion of the region, while the second is the Quart
Two specific examples are reported and illustrated in Figures 8 and 9. The first example is the
DsGSD, located in the middle portion of the principal valley.
Beauregard DsGSD, located in the southwest portion of the region, while the second is the Quart
The Beauregard DsGSD is an extended phenomena, going from 1700 m a.s.l., close to the valley
DsGSD, located in the middle portion of the principal valley.
bottom, up to 2900 m a.s.l. in the northern sector, corresponding to its main scarp. In [89], a
The Beauregard DsGSD is an extended phenomena, going from 1700 m a.s.l., close to the
non-homogeneous deformation pattern of this phenomenon is described, with the upper part
valley bottom, up to 2900 m a.s.l. in the northern sector, corresponding to its main scarp. In [89],
presenting the highest displacement rates, and a slow and constant deformation along the basal
a non-homogeneous deformation pattern of this phenomenon is described, with the upper part
portion of the phenomenon.
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In general, we notice a good agreement between our results and the hypothesized kinematic
In general, we notice a good agreement between our results and the hypothesized kinematic
domains presence. In fact, it is possible to identify two distinct portions presenting different LOS
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The DsGSD of Quart is located on the north side of the broad middle portion of the principal
valley. This phenomenon covers an area of about 13 km2 from 530 m a.s.l. at the valley bottom up
to 2200 m a.s.l., in the terminal part of the main DsGSD scarp. In [10], the complex evolution of this
phenomenon is described, and the ongoing deformation was attributed to an interaction between
gravitational movements with glacial and fluvial processes operating over a long time period.
The mean deformation velocity map obtained with GPOD-SBAS processing confirms the ground
deformation trend outlined in the literature [10] (Figure 9a) and allows for the identification of ground
LOS velocities in the upper and central portions of about −0.8 and −0.6 cm/year, respectively, while
lower sectors appear relatively stable over time. Furthermore, in this case, the ground deformation
time series generally present a constant deformation rate and show local acceleration during the
summer months; the maximum displacement of −5.25 cm for the observed period was registered by
the upper sector of the DsGSD (Figure 9b); going down to the valley bottom, the central sector presents
a maximum displacement of −1.9 cm, up to −0.2 cm in the lower sector of the slope.
4.2. Periglacial Ground Deformations
We compared the ground velocity map obtained by the GPOD-SBAS and the VDA rock glaciers
(RGs) inventory [76]. In general, despite the widespread lack of targets coverage associated with the
rock glaciers, we found a fairly good correlation. Considering the ascending orbit, 759 inventoried
RGs were observed within the track considered (Table 4); in this case, just the 16% present targets
inside, and only 4% present more than ten targets. For the descending orbit, a total of 811 phenomena
inventoried are included within the task considered, of which 8% present targets, and only 2% present
more than ten targets.
Table 4. Summary of the number of rock glaciers, inventoried in the Glacier Inventory, covered by
targets generated by the GPOD-SBAS process.

ENVISAT Ascending
ENVISAT Descending

Rock Glaciers (from
Glaciers Inventory)

Rock Glaciers
(within the Track)

Rock Glaciers
Covered by Targets

Rock Glaciers
with >10 Targets

937

759
811

123
65

31
13

The mean deformation velocity maps obtained for both ascending and descending orbits of
the Envisat processing results reveal a generally low coverage of the rock glaciers by the targets.
Figure 10 shows the mean deformation velocity map detail for the descending orbit acquisition,
reporting an example of an intact rock glacier and a relict one. The Petit Emilius (PE in Figure 10a) RG
corresponds to the intact one and presents only one target within, with a LOS velocity of −0.8 cm/year,
while the Becca di Nona (BN in Figure 10a) RG corresponds to the relict one and presents more than
ten targets within, with a mean LOS velocity of −0.5 cm/year, for the entire observed period.
For these two cases, the analysis of the ground deformation time series of the targets (Figure 10b)
reveals a constant deformation rate, with a maximum displacement of −1.4 cm for the observed period
from September 2004 to October 2010. Analyzing the time series in detail, they seem to display a sort
of acceleration in correspondence to the summer and the mid-autumn (e.g., summer 2009). It is worth
noting that such phenomena present a seasonal fluctuation [68], where the highest velocities appear
during the summer to early autumn months; looking at the results from year to year, comparing the
late summer with respect to the early subsequent summer, a moderate acceleration can be observed.
Finally, considering the rock glaciers included within each track (Table 4), we observed in general
that the intact rock glaciers present the largest deformation, while, for the rock glaciers identified as
relict, a modest displacement, a smaller deformation with respect to the intact ones, was disclosed.
In Figure 11, we present the Clapey Gerbioz relict rock glacier example: in ascending orbit (Figure 11a),
this RG presents mean LOS velocities from −1.1 cm/year up to −0.26 cm/year; in descending orbit
(Figure 11b), a range from −0.7 cm/year up to −0.3 cm/year.
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The GPOD-SBAS service, which is a completely free web-tool, operating on a grid infrastructure,
The GPOD-SBAS service, which is a completely free web-tool, operating on a grid infrastructure,
supplies the resources to process an enormous amount of data through the distribution of computing
supplies the resources to process an enormous amount of data through the distribution of computing
environments via the Parallel-SBAS (P-SBAS) technique [52]. The web-tool operates in an
environments via the Parallel-SBAS (P-SBAS) technique [52]. The web-tool operates in an unsupervised
unsupervised manner, processing the P-SBAS chain step-by-step: (i) raw data focusing; (ii) SAR
manner, processing the P-SBAS chain step-by-step: (i) raw data focusing; (ii) SAR image co-registration:
image co-registration: (iii) interferogram generation; (iv) the unwrapping of the computed phases;
(iii) interferogram generation; (iv) the unwrapping of the computed phases; (v) the generation of the
(v) the generation of the final results. However, in most cases all over the world, the unsupervised
final results. However, in most cases all over the world, the unsupervised manner is not sufficient.
manner is not sufficient. For this reason, in order to maximize the number of coherent targets and
For this reason, in order to maximize the number of coherent targets and their distribution over those
their distribution over those areas, a number of best practices have to be performed. First,
areas, a number of best practices have to be performed. First, geomorphological and meteo-climatic
geomorphological and meteo-climatic settings of the study area have to be carefully considered. High
settings of the study area have to be carefully considered. High topography gradients and complex
topography gradients and complex orography, the predominance of abundant vegetation (e.g.,
orography, the predominance of abundant vegetation (e.g., forested areas), and unsuitable valley flank
forested areas), and unsuitable valley flank orientation are recognized as challenging environments
orientation are recognized as challenging environments for DInSAR techniques. The computation of
for DInSAR techniques. The computation of the R-Index [43], considering the satellite’s acquisition
the R-Index [43], considering the satellite’s acquisition geometries to analyze the potential distribution
geometries to analyze the potential distribution of the targets, is important preliminary information.
of the targets, is important preliminary information. In our example, the prevalent distribution has
In our example, the prevalent distribution has been observed not only on the south-facing slope in
been observed not only on the south-facing slope in the ERS and Envisat ascending orbits and on
the ERS and Envisat ascending orbits and on the north-facing slope for the descending orbits, for the
the north-facing slope for the descending orbits, for the east–west oriented valleys, but also on the
east–west oriented valleys, but also on the east-facing slope in the ascending orbits and on the
east-facing slope in the ascending orbits and on the west-facing slope in the descending orbits, for
west-facing slope in the descending orbits, for the north–south oriented valleys. Moreover, our
the north–south oriented valleys. Moreover, our results have shown the importance of a day-by-day
results have shown the importance of a day-by-day analysis of the meteo-climatic parameters in
analysis of the meteo-climatic parameters in correspondence to the satellite acquisition epoch, removing
correspondence to the satellite acquisition epoch, removing the SAR acquisitions affected by snow,
the SAR acquisitions affected by snow, causing temporal decorrelation effects. It is worth noting that
causing temporal decorrelation effects. It is worth noting that the crosscheck of the local information
the crosscheck of the local information obtained by the weather stations parameters available, with
obtained by the weather stations parameters available, with the large-scale information provided by
the large-scale information provided by the interferograms elaborated by the GPOD-SBAS service,
the interferograms elaborated by the GPOD-SBAS service, has been crucial. In addition, by fine-tuning
has been crucial. In addition, by fine-tuning the advanced parameters of the GPOD-SBAS service,
the advanced parameters of the GPOD-SBAS service, we have additionally improved the number of
we have additionally improved the number of coherent targets and their distribution over the study
coherent targets and their distribution over the study area (Table 2). In particular, we have proved
area (Table 2). In particular, we have proved that of the parameter “coherent threshold,” which
that of the parameter “coherent threshold,” which influences the spatial network of the pixels to be
influences the spatial network of the pixels to be unwrapped, mountainous environments have to be
unwrapped, mountainous environments have to be increased with respect to the default values, and
increased with respect to the default values, and only very high-quality targets guarantee a significant
only very high-quality targets guarantee a significant improvement in the PhU operation. Our study
improvement in the PhU operation. Our study allowed for the obtainment of ground deformation
allowed for the obtainment of ground deformation maps and the associated time series of ERS-1/2
and ASAR-Envisat data, over the entire VDA territory, for the time period respectively from June
1995 to May 2000 and from June 2004 to October 2010.
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environment, allowed us to improve SAR data selection and processing, over high mountain regions.
The proposed iterative procedure, applied through the P-SBAS web-tool within the GPOD
The G-POD user-friendly interface permits to everyone—not just experienced users—quick accessibility
environment, allowed us to improve SAR data selection and processing, over high mountain regions.
to the SAR data and an analysis of SAR data using validated process, without tinkering with the
The G-POD user-friendly interface permits to everyone—not just experienced users—quick
different SBAS-DInSAR processing steps of specific and costly software.
accessibility to the SAR data and an analysis of SAR data using validated process, without tinkering
Our processing strategy shows that it is possible to obtain long-term deformation analysis of
with the different SBAS-DInSAR processing steps of specific and costly software.
diverse phenomena affecting mountain areas, and demonstrates how the DInSAR application could
Our processing strategy shows that it is possible to obtain long-term deformation analysis of
obtain reliable information about the ground displacement in the area without in situ instruments.
diverse phenomena affecting mountain areas, and demonstrates how the DInSAR application could
This will be even more evident with the new Sentinel-1 satellite constellation that provides SAR
obtain
reliable information about the ground displacement in the area without in situ instruments.
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