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ABSTRACT

SAR (Synthetic Aperture Radar) satellite interferometry is a helpful remote sensing technique for large
areas analyses and monitoring, especially where the study area is difficult to access for practical or for
legal reasons. As a result, the use of these techniques has significantly increased over the past three
decades. Among the available different satellite constellations displaying different spatial and temporal
resolutions, COSMO-SkyMed of the Italian Space Agency (ASI) represents a cutting-edge reality. COSMO-
SkyMed constellation, launched in 2007 by AS|, is a valuable Earth observation tool that provides all-
weather, day-and-night imaging capabilities with high resolution and a short revisit time. In this study,
we produced an atlas for the entire Italian peninsula using two parameters (R-Index and Percentage of
measurability of movement), in order to evaluate the quality and a-priori applicability of satellite
interferometry data collected by the COSMO-SkyMed constellation. The atlas was obtained by means
of the implementation of different model builders in the GIS (Geographical Information Systems)
environment, providing a semi-automatic way to generate the above-mentioned outputs. The
R-Index describes the likelihood of detecting Permanent Scatterers in mountainous areas, while the
Percentage of measurability of movement indicates the percentage of real motion that interferometry
can detect at a certain point in the analyzed region. A high-detail Digital Terrain Model (DTM) has been
used to identify the most suitable areas for satellite interferometry monitoring and studying. The results
of our analysis showed that the R-Index and the Percentage of measurability of movement could be
used to pre-evaluate the quality of satellite interferometry data collected by the COSMO-SkyMed
constellation. This research has important implications for disaster response, environmental monitoring,
and scientific research and is one of a few cases in the world in which a unified representation for an
entire country is provided.
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1. Introduction
Vachon 1996; Kussul, Shelestov, and Skakun 2011;

SAR (Synthetic Aperture Radar) satellite interferometry is
a remote sensing technique that analyzes and monitors
large areas. This method is helpful when the study area
is inaccessible for practical or legal reasons. Satellite
interferometry (Franceschetti and Lanari 1999) has
been widely used in many scientific fields, ranging
from archeology (Tapete and Cigna 2019) to the study
of natural hazards like subsidence (Cal6 et al. 2017;
Grassi et al. 2022), earthquakes (Carnemolla et al. 2023;
Fielding et al. 2014; Giordano et al. 2023; Massonnet
et al. 1993; Thompson and Wright 2002), landslides
(Garcia-Bovenga et al. 2012; Confuorto et al. 2017;
Garcia-Davalillo et al. 2014; Khalili et al. 2023; Solari
et al. 2020), sinkholes (Esposito et al. 2021; Galve et al.
2015; Rispoli et al. 2020), floods (Geudtner, Winter, and

Pierdicca et al. 2013; Pulvirenti et al. 2016), mining
areas (Ammirati et al. 2020; Hu et al. 2021), buildings
and dams (Costantini et al. 2016; Giardina et al. 2019;
Liao et al. 2009; Macchiarulo et al. 2021; Mele, Vitiello,
et al. 2022; Milillo et al., 2016), and infrastructures (Ma
et al. 2022; Macchiarulo et al. 2022; Milillo et al. 2019;
Perissin, Wang, and Lin 2012).

SAR satellite constellations are well known to be
capable of providing all-weather imaging (Battagliere
et al. 2019; Pierdicca et al. 2013), making them useful
for disaster response and environmental monitoring
(Caltagirone et al. 2010; Covello et al. 2010). Many SAR
satellite Constellations have been launched since
1992 (ERS1/2, ENVISAT ASAR, Radarsat, ALOS1/2,
COSMO-SkyMed, TerraSAR-X, SENTINEL-1, SAOCOM,
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etc.). However, the ones that have probably made
a quantum leap are those launched in the late
2000s. These constellations use either a C-band tech-
nology, such as SENTINEL-1 (European Spatial
Agency - ESA) or take advantage of the X-band tech-
nology, such as Terrasar-X (German Space Agency -
DLR) and COSMO-SkyMed (COnstellation of small
Satellites for the Mediterranean basin Observation —
CSK) (Italian Space Agency — ASI). The latter is the only
constellation in the world providing a continuous
X-Band image archive over the entire Italian territory,
as shown in the Mapltaly Project (Sacco, Battagliere,
and Coletta 2015). Owing to such archive, the results
obtained within the first Extraordinary Plan for
Environmental Remote Sensing (PST-A), covering the
period 1992-2010 (Costabile et al., Costabile 2010)
and employing ERS1/2 and ENVISAT ASAR images,
were extended to 2014 within the second Plan for
Environmental Remote Sensing (Costantini et al.
2017; Di Martire et al. 2017). Only in recent years
a similar project has been carried out by the
European Commission (under the European
Environment Agency’s framework service contract
EEA/DIS/R0/20/011) by means of the European
Ground Motion System (EGMS) portal (https://land.
copernicus.eu/en/products/european-ground-
motion-service) which uses data from the Copernicus
Project (Costantini et al. 2022).

The earliest works with CSK data focused on map-
ping ground deformation in urban areas affected by
the earthquake, such as (Nitti et al. 2009) utilized
Permanent Scatterer Interferometry (PSI — (Ferretti,
Prati, and Rocca 2001) techniques to produce co-
seismic and post-seismic deformation patterns for
the Abruzzo region’'s Mw=6.3 earthquake that
occurred on 6 April 2009.

Subsequent studies have focused on another nat-
ural hazard such as subsidence. Among the earliest
application of CSK data for assessing subsidence rates
is certainly (Costantini et al. 2012). The authors
showed the validation performed by comparing the
measurements obtained from ENVISAT ASAR and
high-resolution X-band CSK data over Beijing with
precise optical leveling data.

Only later has the field of landslide monitoring by this
technology been explored (lasio et al. 2012). Therefore,
while for the first two applications (earthquake and
subsidence) the role of topography (slope and aspect)
played a marginal role, for landslides we realized the

importance of these factors concurrently affecting the
quality of the images. Difficulties, such as geometric
distortions affecting kinematic interpretations, can
occur in detecting the so-called Permanent Scatterers
(PSs), ground points detected by the satellites (Colesanti
and Wasowski 2006). This is the case of layover, fore-
shortening, and shadowing affected SAR images
(Kropatsch and Strobl 1990), which could not allow the
correct application of the interferometric technique.

To address this challenge, researchers have devel-
oped the R-Index, a measure of the likelihood of
detecting PSs in mountainous regions (Notti et al.
2010, 2011). In order to predict the presence of PSs,
the R-Index considers morphometric parameters,
such as slope and aspect, and satellite parameters,
such as the heading and incident angles, allowing
the identification of slope sectors affected by layover
or foreshortening. Layover occurs when signals
belonging to different regions are mapped at the
same point; foreshortening occurs when the radar
beam reaches the base of a tall feature tilted toward
the radar (e.g. a mountain) before it reaches the top.
Because the radar measures distance in the slant-
range, the slope will appear compressed, and the
slope length will be represented incorrectly in the
image plane. Finally, shadowing occurs when
a portion of the study area is hidden from the satellite
due to the presence of high relief (Figure 1).

Previous studies focused on the evaluation of the
applicability of interferometric techniques at the
national scale: Cigna et al. (2014) (Great Britain),
used ERS1/2 and ENVISAT images, while in Novellino
et al. (2017), SENTINEL images were used to investi-
gate the Mediterranean area. Recently Del Soldato

Figure 1. SAR image effects by layover, foreshortening, and
shadowing.
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Figure 2. True and LOS displacement components, modified from Duro et al. (2013).

et al. (2021), using SENTINEL images, carried out ana-
lysis on the alpine region.

Furthermore, another critical aspect is the evalua-
tion of ground displacements in areas characterized
by complex topography along the Line of Sight (LOS),
which represents the target sensor conjunction
(Figure 2). In fact, interferometry can assess
a component of the real displacement (Colesanti
and Wasowski 2006). Even in the latter case, research-
ers have implemented algorithms to assess the true
displacement perceptual that can occur in slope sec-
tors characterized by complex morphologies (Plank
et al. 2012).

To address these challenges, we produced an atlas
for the entire Italian peninsula of the R-Index and the
Percentage of measurability of movement. Such atlas
represents a preliminary way to evaluate the quality
and the applicability of satellite interferometry data
collected by the CSK constellation.

This application finds its usefulness in the promi-
nent use of CSK imagery in the latest research.
Interferometric applications with CSK images mainly
concentrate on monitoring structures (buildings,
dams, etc.) and infrastructures (railways, highways,
electricity lines, pipelines, etc.) subject to deforma-
tions induced by natural phenomena. In this field,
the X-Band imaging potential is most visible owing
to the very high density of identifiable reflectors. Such
reflectors generate an extremely useful natural geo-
detic network for strategic structure monitoring. On
the other hand, this type of atlas could also be

a valuable tool in the decision-making phases of
sites interested in artificial corner reflector network
installation, enabling network design and corner
reflector visibility optimization.

As a result, it is necessary to assess the interfero-
metric technique’s applicability a-priori, and thus the
identification of PS in contexts where the topography
is complex.

2. COSMO-SkyMed constellation

The CSK program is funded by the Italian Space
Agency (ASI). It uses SAR technology to manage,
control, and explore the Earth’s resources. The pro-
ject offers both civil and military use of the system.
Although the acronym refers to the Mediterranean
basin, it has been able to provide innovative ser-
vices to several countries all over the world, such as
Argentina (Ciappa, Pietranera, and Battazza 2010),
Japan (Chini, Pulvirenti, and Pierdicca 2012), India
(Dey et al. 2019), Ethiopia (Xu et al. 2020), China
(Tapete et al. 2021) and others. Initially, the COSMO-
SkyMed space mission consisted of a constellation
of four identical satellites (CSK-1, CSK-2, CSK-3, and
CSK-4) equipped with a medium-sized X-band SAR
instrument. The X-band is a high-frequency micro-
wave band with a wavelength of approximately 3.1
cm, which allows for high-resolution imaging. The
constellation provides high-resolution SAR imagery
with spatial resolutions ranging from 1 meter to 100
meters, depending on the imaging mode and the
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incidence angle (Pierdicca et al. 2013). Thanks to
radar technology, such images can be acquired at
any time of day or night, even in cloudy conditions.

The constellation is placed on the same orbital
plane (offset by 90°) at an altitude of approximately
620 km and an inclination of 97.8°. Following the 4
First Generation of satellites, a Second Generation of
COSMO-SkyMed satellites was added, consisting of 4
identical satellites equipped with X-band SAR instru-
ments (CSG-1, (CSG-2, (CSG-3, and (CSG-4).
These second-generation satellites are also posi-
tioned on the same orbital plane. Observations of
the area of interest are repeated several times
each day. As every satellite is equipped with radar
sensors, it is able to operate in all visibility conditions,
at high resolution, and in real-time.

It is worth to point out, even if all first-generation
satellites have completed their nominal operational
life (which was planned to be equal to 5.25 years),
three of the four satellites are still fully operational.
Therefore, the actual constellation is formed by five
satellites: three from the first generation and two from
the second generation.

Finally, CSK derivable application services make
a significant contribution to land protection, to risk
mitigation against issues such as fires, landslides,
droughts, floods, pollution, earthquakes, and subsi-
dence, to natural resources management in both agri-
cultural and forestry fields, and even to cadastral
management.

3. Mapiltaly project

Mapltaly project, developed by ASI (Agenzia
Spaziale Italiana - Italian Space Agency) and the
Italian Civil Protection Department, allows to
access a 16-day interferometric mapping service
that uses radar imagery produced by the COSMO-
SkyMed constellation.

In particular, a historical series of images are
acquired on ltalian territory for interferometric ana-
lysis of unstable phenomena and endogenous risk
(landslides, subsidence, seismic and volcanic phe-
nomena, etc.). The objective is to update the
national geographic reference archive regularly
and intensively with specific interferometric histor-
ical data. Considering its strategic importance, this
interferometric mission was given a high priority
level, so it is now a “foreground mission.”

The project aims at providing reliable and up-to-
date information on ground deformation, subsidence,
and other geohazards (Virelli, Coletta, and Battagliere
2014). The Mapltaly project covers the entire Italian
territory and is divided into several areas of interest,
including the Apennine Mountains, the Po River
Valley, and the volcanic areas of central Italy. The
Mapltaly project currently uses the CSK-1, CSK-2,
CSG-1 and CSG-2 satellites.

The four above-mentioned satellites cover the
Italian Peninsula with a total of one hundred and
two stripes, fifty in ascending and fifty-two in des-
cending geometry (Figure 3). A—10° heading angle
characterizes the ascending tracks, while the des-
cending ones are characterized by a 190° heading
angle Milillo et al., 2016.

The four satellites display four different inci-
dent angles, as shown in the following table
(Table 1).

One of the key benefits of the Mapltaly project
is the ability to provide real-time information on
ground deformation and other geohazards, such
as during the earthquake that struck the city of
L’Aquila in 2009 (Bovenga et al. 2010). This infor-
mation supports decision-making processes such
as disaster response, land use planning, and infra-
structure management in critically dangerous
areas. In fact, there have been many applications
throughout Italy: for example, when monitoring
subsidence in the Po River Valley (Boni et al.
2016), where extensive urban and industrial devel-
opment has led to significant land deformation.
Moreover, the project has also been used to
monitor ground deformation in the Apennine
Mountains, where landslides and other geoha-
zards are common (Nutricato et al. 2013). In
these areas, the project’'s maps provide valuable
information on the extent and severity of ground
deformation, allowing authorities to take appro-
priate measures to mitigate the associated risks.
The Mapltaly project provides evidence of satellite
remote sensing value in monitoring and mana-
ging geohazards. The project’s information is cri-
tical for decision-makers in disaster response, land
use planning, and infrastructure management. It
can potentially improve the resilience and safety
of communities throughout the country. With
ongoing improvements in satellite remote sensing
technology and data processing algorithms, the
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Figure 3. COSMO-SkyMed strips. The upper four are the ascending stripes, and the bottom four are the descending stripes. The
abbreviations H4-01, H4-03, H4-04, and H4-05 are the original ones used by ASI.

Table 1. Incident angle, expressed in degrees, for the different
himage centre.
Himage Centre

Incident angle [°]

H4-01 26.65
H4-03 29.36
H4-04 3223
H4-05 33.97

Mapltaly project will likely continue to provide
valuable information for years to come with the
new generation of satellites.

4, Methodology

In order to obtain the atlas of the R-Index and
Percentage of Measurability of Movement maps,
two different model builders were designed in
ArcMap 10.5 environment, which allows a semi-
automatic way to obtain the maps. The models
have been exported as Python scripts and

reported in the Annex B section. One strength of
such models is its simplicity of application and
the limited number of inputs. Specifically, the
inputs consist of a) a Digital Terrain Model (here-
after DTM), which allows extraction of morpholo-
gical data such as slope and aspect; b) SAR image
acquisition data, such as heading angle (azimuth
angle of satellite orbit); and incident angle (angle
between radar signal and earth surface), both
available in the metadata of the image itself. The
algorithms used are briefly explained below; more
details can be found in the original publications
by Notti (Notti et al. 2010, 2011) and Plank (Plank
et al. 2012).

As mentioned earlier, among the inputs needed to
apply the algorithms is the DTM. The Italian peninsula
DTM produced in 2005 by the Italian Ministry of the
Environment (now Ministry of the Environment and
Energetic Security), with a resolution of 20 m x 20 m,
was used to perform the subsequent analysis. Such



6 e G. BAUSILIO ET AL.

DTM has been used as it provides official data cover-
ing the entire peninsula and its use is free.

Furthermore, ASI provides the incident angles of
each strip/track. The models’ computations and crea-
tion were performed using ArcMap 10.5 (ESRI Inc
2016) by means of the Model Builder function.
A desktop PC with an Intel Core i9-11900F@2.50
GHz x 16 processor and 128 GB RAM 64bit has been
used for processing. The runtime was mainly depen-
dent on the size of the strip. The mean execution time
was ~20 minutes for R-Index analysis and ~25 minutes
for Percentage of Measurability of Movement analysis.
This value can vary significantly depending on the PC
specs and on the size of the area of interest.

4.1. R-Index

R-Index, the first of the two evaluated parameters,
indicates the detection likelihood of Permanent
Scatterers (PSs) in mountain areas (Notti et al. 2010,
2011). Although, as already stated, this algorithm
was made for mountainous areas analysis, the pro-
cess has been automatized and executed on the
entire DTM, which also comprehends plain areas. It
is obtainable by processing the slope and aspect
values of the investigated area (geometric data of
the surface), the heading angle of the satellite, and
the incident angle (geometric data of the satellite).
The formula used is the one proposed by (Notti et al.
2010, 2011):

Rindex = —sin{arctan[tan(S) x sin(Aa)] — 9} (1)

In this formula:

- Sis the slope value in degrees;

- A'is the slope aspect in degrees;

- Aa is the slope aspect corrected with the azimuth
of the satellite orbit (heading angle);

- & is the Line of Sight (LOS) angle of incidence.

R-Index values tend to vary between 1 and below 0.
Lower than zero values indicate geometric issues
related to foreshortening or layover. In these cases,
the deformation of the obtained data is such that the
values are unreliable. The cell deformation decreases
as the R-Index value increases, and more PS can be
detected. The numerical values of the R-Index can, as
just stated, vary between 1 and below 0. The legend

used in the Figures (modified from Notti et al. 2010) is
divided into six classes:

- R-Index <0: None to few PSs due to deformation
effects that can affect the slope (layover and
foreshortening);

- 0.0 < R-Index <0.2: Strong Pixel Compression and
few PSs detected;

- 0.2 < R-Index <0.4: Low visibility;

- 0.4 < R-Index <0.6: Medium visibility;

- 0.6 < R-Index <0.8: Good visibility;

- 0.8 < R-Index <1.0: Very good visibility.

4.2. Percentage of measurability of movement

The estimation of the percentage of measurability of
movement is a valuable analysis for final performance
enhancing of results as the DINSAR technique is
unable to detect movements that occur along the
satellite’s azimuth (which has almost a semi-polar
orbit) (Crosetto et al. 2010). This percentage repre-
sents the quantity of detected total movement the
satellite data can identify (Plank et al. 2012).
Percentage of measurability of movement can be
obtained using the following formulas (Plank et al.
2012), by first calculating the horizontal and the ver-
tical components and multiplying them:

hAscending = |COSB‘ x 100%
= |cos(90° — a — €)| x 100% (2)

hDescending = |COS,B| x 100%
= |cos(90° — a + ¢€)| x 100% 3)

In these formulas:

- h is the horizontal component of the percentage
of measurability of movement;

- ais the slope aspect in degrees;

- £ is the angle between the LOS and the W-E.

Plank et al. (2012) observed that 100% of the move-
ment is measurable when the slope dip direction
equals the satellite line of sight direction. For the
vertical component of the percentage, two other for-
mulas are provided, depending on the geometry of
the slope (oriented facing/averse the satellite). The
two different formulas are still provided by Plank
et al. (2012) and are shown below:



Vaverse = €0s(p7) x 100% = cos(¢ — &) x 100%
= c0s(90° — ¥ — &) x 100% (4)

VTowards = COS(pZ) x 100% = COS(([J + 6) x 100%
= ¢os(90° — ¥ + 6) x 100% (5)

Where:

- & is the LOS incidence angle;

- 8 is the dip angle of the slope;

- ¢ is the difference 90°- 9;

- p is different whenever the slope is facing or not
the satellite and represents the interaction between ¢
and 6.

The final percentage of measurability movement
is calculated by multiplying the horizontal and
vertical components obtained with the shown
formulas.

Percentage = h x v (6)

The numerical values of the Percentage of
Measurability of Movement can vary between 0%
and 100%. The legend used in the Figures identifies
5 classes:

- 0%<Percentage <20%: Low to no movement can
be detected;

- 20%< Percentage < 40%;

- 40%< Percentage < 60%;

- 60%< Percentage < 80%;

- 80%< Percentage < 100%: Up to 100% of the
movement can be detected.

4.3. Maximum likelihood-based average visibility
score calculation

Integrating the Maximum Likelihood-based
Average Visibility Score Calculation with the InSAR
methodology is pivotal in ensuring the robustness
and accuracy of our environmental analysis. This
visibility scoring process represents a foundational
step in assessing and enhancing the quality of satel-
lite imagery prior to R-Index and Percentage of
Measurability mapping. This approach is particu-
larly vital in InSAR applications, where the quality
of input data directly affects the reliability of defor-
mation measurements and environmental assess-
ments. This study describes a methodology based
on maximum likelihood estimation to calculate
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each track’s weighted average visibility score.
Calculating the average visibility score for each
track is based on a maximum likelihood approach
using a Gaussian Mixture Model (GMM) classifier
with a single component. The spectral values for
each class were defined based on the RGB values
of the colors representing the different levels of
visibility, ranging from clear (white) to very poor
(red). These spectral values were used to train
a GMM classifier with a single component using
the Scikit-learn library. The pixel values for each
track were loaded and reshaped to form a single
input vector for the classifier. The trained classifier
was then used to predict the class labels for each
pixel in the track, which were reshaped to form a 2D
array of size (n_samples, n_features), where n_sam-
ples is the number of tracks and n_features is the
number of pixels per track. The visibility scores for
each class were defined as follows: very poor (—1.0),
poor (—0.5), fair (0.1), good (0.3), very good (0.8),
and transparent (1.0). The proportion of pixels for
each section was calculated by dividing the number
of pixels in each section by the total number of
pixels in that section for all tracks. The proportion
of pixels for each class for each track was then
calculated by summing the proportions of pixels
for each section that belongs to that class. By
employing a GMM classifier, we effectively categor-
ize pixel data based on visibility, ensuring that our
INSAR analysis is fed with the most reliable and
explicit imagery. This classification and the subse-
quent visibility scoring, ranging from “very poor” to
“transparent,” allow for a nuanced and quantitative
evaluation of satellite image quality. The weighted
proportion of pixels for each track was then calcu-
lated by multiplying the proportion of pixels for
each class for that track by its corresponding visibi-
lity score and summing these values over all classes.
This weighted proportion was then normalized by
dividing it by the sum of all weighted proportions
across all tracks. The weighted average visibility
score for each track was calculated by taking the
dot product of the normalized weighted propor-
tions and the visibility scores for each class. This
was repeated for each track to obtain the weighted
average visibility score. The formula for calculating
the weighted average visibility score for a track is:



8 e G. BAUSILIO ET AL.

E:: I)ij * \/S%
Jj=1

WAVS; = ——
S5 Prj * VS
j=1 k=1

Where WAVS_iis the weighted average visibility score
for track i, P_{i,j}is the proportion of pixels for class
j in track i, VS_jis the visibility score for class j, n is the
total number of tracks, and k is the index over all
tracks. Finally, the results were summarized in graph-
based figures containing the track number and corre-
sponding weighted average visibility score.

In summary, this visibility scoring is not just
a measure of image clarity but also an indirect
indicator of potential interferometric coherence
issues. Higher visibility scores correlate with an
increased likelihood of obtaining coherent and
interpretable InSAR results. Thus, this methodology
acts as a crucial filter, enabling us to prioritize
high-quality tracks for our detailed InSAR analysis
and ensuring that our R-Index and Percentage of

Measurability mappings are based on the most
reliable data.

5. Results and discussion

The products of these algorithms are the R-Index
(Figure 4, legend from Notti et al. 2010, modified)
and the Percentage of measurability of movement
(Figure 5) for the entire Italian Peninsula, divided by
the satellite acquisition tracks. Full-page maps are
attached to Annex A (Figure A-l, Figure A-ll, Figure
A-lll, and Figure A-lV). One hundred raster files
describe the R-Index and the Percentage of measur-
ability of movement for the Ascending orbits, while
one hundred and six raster files describe the
Descending orbits.

The higher quality classes of the R-Index follow the
LOS of the satellite. In the case of the Ascending
Figure 6(b,c) and the Descending Figure 6(d,e) geo-
metries, the quality of the visibility of the slopes is
almost the opposite of each other, rendering a solid
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Figure 4. R-Index maps (full page maps in annex A): ascending (left), descending (right).
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Figure 5. Percentage of measurability of movement maps (full page maps in annex a): ascending (left), descending (right).

coverage of the entire examined area. In order to
highlight the results, two sites of UNESCO interest
characterized by high geological hazards (Ciervo
et al. 2017; Di Napoli et al. 2021) were shown in
Figure 6. The most widespread class is the third one
(Medium visibility), followed by the fourth (Good vis-
ibility) and the second one (Low visibility - few PS).
The remaining classes are shown in the following
table (Table 2).

Figure 7 shows a comparison between the R-Index
Figure 7(b) result and an optical image Figure 7(a) in
order to assess the accuracy of the obtained results.

For the Percentage of measurability of movement,
the highest quality of the data is found along the
slopes with a dip direction close to E-W, as expected
Figure 8(b-e).

Both in Ascending and Descending, the most wide-
spread class is the third one (30.88% and 30.52%,
respectively). The fifth class is the least widespread
(6.13% in Ascending and 6.15% in Descending). This is
expected to be the highest quality class (the fifth —

80%-100% of the percentage of measurability of
movement) that requires both the movement’s verti-
cal and horizontal components to be perfectly aligned
with the satellite. All the data related to the spatial
distribution of the classes is shown in Table 3.
Ascending and Descending data for the R-Index
(Table A-1 and Table A-ll, respectively) and the
Percentage of measurability of movement (Table A-
[l and Table A-IV) for all the tracks are shown in
Annex A.

In order to validate the results for Percentage of
measurability of movement maps, Figure 9 shows on
one hand the mean displacement rates Figure 9 (a—c)
and Percentage of measurability of movement
Figure 9 (b-d) maps for the two acquisition geome-
tries, ascending and descending, respectively. As can
be seen, the area is affected by significant mass move-
ments, detected by official land management agen-
cies, as also reported in the literature (Mele, Miano,
et al. 2022). The Percentage of measurability of move-
ment are higher in ascending geometry than what is
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Figure 6. R-index sketch maps: a) Italy map; b and c) Ascending; d and e) descending.
Table 2. Spatial extent of different classes of R-indexes.
Geometric deformation (no  Strong pixel compression (few Low visibility (few Medium Good Very good
PS) PS) PS) visibility visibility visibility
R-Index 2.06% 4.16% 11.10% 64.25% 13.64% 4.78%
(Ascending)
R-Index 2.30% 4.30% 12.34% 62.81% 13.46% 4.78%
(Descending)

found in descending geometry, this is due to a better
dip aspect of the slopes that dip in the NE-SW direc-
tion. At the same time, the mean displacement rates
recorded in ascending geometry would seem to be
higher than in descending geometry, confirming that
it turns out to be better visibility in ascending
geometry.

5.2. Evaluation of results based on the average
visibility score

Figures A-V to A-XIl (Annex A) show the results of
the weighted average visibility scores for each

track in each group, which allow us to compare
visibility scores within and between these groups.

The scores range from 0 to 0.1904, with higher
scores indicating better visibility. Looking at Figure
A-V, track 5a-c2_napoli_austria shows the highest
weighted average visibility score of 0.1725, while
4a-c4_sicilia had the lowest score of 0.022. In
Figure A-VI, track 5a_c1_gaeta_austria had the
highest score of 0.1904, while track 8a-c2_salento
had the lowest score of 0.006. Figure A-VIl shows
that track 4a-c1_roma_austria had the highest
weighted average visibility score of 0.1608, while
track 9a-c3_salento had the lowest score of 0.0007.
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Figure 8. Percentage of measurability of movement sketch maps:

a) Italy map; b and ¢) Ascending; d and e) descending.

Table 3. Spatial extent of different classes of percentage of measurability of movement.

0% — 20% 20% — 40% 40% — 60% 60% — 80% 80% — 100%
Percentage of measurability 22.55% 22.83% 30.88% 17.61% 6.13%
of movement (Ascending)
Percentage of measurability 23.01% 22.74% 30.52% 17.59% 6.15%

of movement (Descending)

Figure A-VIII illustrates that track 4a-c4_roma_tirolo
had the highest weighted average visibility score
of 0.1482, while track 7a-c4_puglia had the lowest
score of 0.0061. In Figure A-IX, track 6d_c2_a_bo-
logna_austria had the highest weighted average
visibility score of 0.1281, while track 5d-c3_trieste
had the lowest score of 0.0033. Figure
A-X indicates that track 6d-c2_a_bologna_austria
had the highest weighted average visibility score
of 0.1416, while track 4d-c3_sicilia_occ had the
lowest score of 0.0093. In Figure A-XI, track 6d-c3
_toscana_trentino had the highest weighted aver-
age visibility score of 0.1416, while track 4d-c2
_sicilia_ovest had the lowest score of 0.0383.

Figure A-XIl shows that track 6d-c4_tirolo_elba
had the highest weighted average visibility score
of 0.1493, while track 1d-c1_calabria_new_1_puglia
had the lowest score of 0.0051. Overall, the results
show that visibility scores vary widely between
tracks. Some tracks have very good visibility, with
scores close to 1.0, while others have very poor
visibility, with scores close to 0. We can also see
that some tracks have scores close to 0, indicating
fair or poor visibility, while others have scores
closer to 1.0, indicating good to very good
visibility.

As depicted in Figures A-V to A-XII, the integration
of the Maximum Likelihood-based Average Visibility
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Score Calculation with our InSAR analysis framework
is evident. The variation in visibility scores across
different tracks not only provides direct assessment
of data quality but also indirectly informs the accuracy
and reliability of our InSAR-derived R-Index and
Percentage of Measurability mappings. For instance,
tracks like 5a-c2_napoli_austria with higher visibility
scores yielded more reliable and interpretable InSAR
results than tracks with lower scores.

This comprehensive approach, merging visibi-
lity assessment with InSAR analysis, is particularly
advantageous in regions where environmental
factors can severely affect satellite image quality.
By correlating visibility scores with InSAR results,
more accurate conclusions about environmental
changes and ground deformation patterns can
be drawn, thereby enhancing the overall reliability
of our environmental monitoring efforts.
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6. Conclusion

In this study, we produced an atlas for the entire
Italian Peninsula using two parameters, the R-Index,
and the Percentage of measurability of movement, to
evaluate the quality of satellite interferometry data
collected by the CSK constellation. The COSMO-
SkyMed constellation is a powerful tool for Earth
observation, with its X-band SAR capabilities, high-
resolution imaging modes, and short revisit time. Its
diverse applications include scientific research, envir-
onmental monitoring, disaster response, and security
and defense operations. The limitations of the con-
stellation, such as its high cost and dependence on
radar imaging, must be considered. However, the
benefits of the COSMO-SkyMed constellation make it
an essential tool for Earth observation and remote
sensing, and its contributions to the field are likely
to continue in the future.

The R-Index describes the likelihood of detecting
Permanent Scatterers, while the Percentage of mea-
surability of movement indicates the percentage of
actual motion that interferometry can detect at
a certain point in the analyzed region. In order to
make the atlas, a high-resolution DTM was used,
which enabled the identification of areas that could
be monitored with the interferometric technique.

The results of our analysis showed that the
R-Index and the Percentage of measurability of
movement could be used to evaluate the applic-
ability of satellite interferometry data collected by
the CSK constellation. The atlas provides prelimin-
ary information that can be followed by a detailed
study.

In summary, our study confirms that the CSK con-
stellation is a powerful tool for Earth’s surface obser-
vation and monitoring environmental changes,
particularly in mountainous areas. Using the R-Index
and the Percentage of measurability of movement
provides valuable information on the applicability of
satellite interferometry data collected by the constel-
lation, which can help identify critical areas for satel-
lite interferometry monitoring and studying. This
research has important implications for disaster
response, environmental monitoring, and scientific
research.

In particular, the R-Index highlights critical areas
where distortion phenomena can make data proces-
sing complex (foreshortening, layover) or affect the

theoretical amount of PSs obtained. This analysis is
based on the morphological characteristics of the
landscape (mainly slope and aspect) at high resolu-
tion (20 meters), so other parameters such as land use
have not been considered as the resolution of the
European Corine Land Cover is lower (100 meters)
than the one used in this study. Specific localized
studies would allow a characterization of the land
cover with a compatible resolution.

The percentage of detectable movement allows
identification of the quantity (in percentage) of actual
movement that can be recognized using satellite
interferometry.

The results show that a high percentage of the
Italian peninsula falls within the higher R-Index
classes (good data quality), while the Percentage of
measurability of movement shows a more wide-
spread distribution between the different classes,
mostly due to the impossibility of measuring move-
ments along the N-S direction. Mapping the Italian
peninsula’s R-Index and Percentage of Measurability
of Movement yielded a panorama of natural and
human hazard assessment and remote sensing
possibilities.

Strength points of the approaches described in this
study are listed below.

- Simplicity and Accessibility: one of its significant
attributes is that it does not necessitate a myriad
of varied input data in a world dominated by
complexities. It signifies a notable leap toward
ensuring more individuals and institutions can
leverage such profound analyses without being
bogged down by convoluted processes.

- Grounding in Established Methods: this investiga-
tion took cues from previous researchers,
adopted established algorithms, and synergized
them. This amalgamation has not only strength-
ened the study’s foundation but also instilled
confidence in the derived results.

- In-depth Terrain Analysis: delving into the R-Index
and Percentage of Measurability of Movement
has peeled back layers on the terrain behavior,
especially in regions marked by elevation var-
iances. The intricate relationship between the
quality of visibility and the Line of Sight (LOS)
of the satellite has brought to the forefront
nuances that were earlier perhaps overlooked.
This relationship is pivotal, considering it



dictates the satellite’s prowess in pinpointing
deformations across different terrains.

- Geometry Insight: a salient feature of the study,
captured eloquently in Figures 4-8, is the distinc-
tion and coverage provided by both Ascending
and Descending orbits. The complementary nat-
ure of these orbits ensures a comprehensive
blanket coverage of the entire studied expanse,
ensuring no terrain nuance slips through the
analytical net. Their contrasting qualities con-
cerning slope classifications highlight the impor-
tance of multiple vantage points in satellite data
collection.

- Data Quality - the Crucial Metric: Further examina-
tion of the weighted average visibility scores
across different tracks, as illustrated in our results,
reveals a broader implication for InSAR applica-
tions. Tracks with varied visibility scores demon-
strate how environmental factors, such as
atmospheric conditions or surface cover varia-
tions, can significantly impact the quality of satel-
lite imagery and, consequently, the reliability of
INSAR mappings. For instance, lower visibility
scores indicated potential challenges in achieving
coherent InSAR results in areas with frequent
cloud cover or dense vegetation. Conversely,
tracks with higher visibility scores, reflective of
more apparent imaging conditions, correspond
to more reliable InSAR data. This direct correla-
tion underscores the importance of incorporating
visibility scoring in InSAR studies, particularly in
environmental monitoring and land deformation
analyses. By integrating this visibility assessment,
we enhance our ability to interpret InSAR data
accurately, making informed decisions about
which areas require closer examination or may
yield more reliable results. Ultimately, this
approach paves the way for more nuanced and
accurate environmental assessments, leveraging
the full potential of InSAR technology by ensuring
the quality of input data.

In the grand narrative of engineering geology
research, this study threads a significant contribution,
offering both appropriate methodologies and tools
for adoption and implementation. Its resilience and
malleability to diverse terrains and data sets suggest
its viability as a reference point in similar academic
pursuits.
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As we look ahead, the frontier seems ripe for
exploration. It prompts us to ponder how these meth-
odologies fare when transplanted to geographies
with a different terrain palette. Moreover, with the
relentless march of technology and advancements in
satellite imaging, one can only anticipate that the
future beckons a new era of refined, detailed, and
nuanced analyses.
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Annex A

The following tables are cited in the Results and Discussion chapter and contain data regarding the single strips. Every family of
strips has the same incident angle.

Table A1. Ascending R-Index data for the single strips.

Geometric Strong pixel Low slope  Medium  Good Very good
R-Index (Ascending) deformation (no PS)  compression (few PS) (few PS) slope slope slope tot [pixel]
ASC_H4_01 2°-c1_monaco_valdaosta 6.92% 7.62% 11.78% 51.01% 14.76% 790% 25666787
2°-c1_sardegna2 0.67% 3.16% 15.33% 7450%  5.61% 0.73% 24175671
3°-c3_liguria_piemonte 3.63% 5.74% 11.11% 67.00% 8.68% 3.83% 23655673
4°-c2_argentario_svizzera 3.76% 5.89% 15.89% 60.41% 10.19% 3.86% 49409471
4°-c4_sicilia 0.05% 0.12% 1.40% 98.02% 0.31% 0.10% 3326633
5°-c2_napoli_austria 3.44% 6.36% 15.00% 61.74% 10.08% 3.38% 68763175
5°-c2_sicilia_centrale 0.65% 3.10% 23.78% 64.11% 7.76% 0.60% 12595381
6°-c1_centro 1.81% 4.89% 19.68% 61.48% 10.36% 1.78% 26786244
6°-c1_friuli 5.17% 5.18% 8.26% 68.20% 7.96% 523% 12976229
6°-c1_sicilia_ne 3.04% 5.86% 9.13% 68.91%  9.43% 3.64% 6935961
7a-c1_calabria_gargano 1.30% 4.72% 17.54% 64.68% 10.30% 147% 38195937
8a-c1_salento 0.00% 0.01% 0.63% 99.33%  0.03% 0.00% 9485775
ASC_H4_03 2a-c2_liguria_svizzera 3.33% 5.50% 12.44% 58.08% 14.13% 6.51% 24757581
2a-c2_sardegna 0.89% 4.87% 16.91% 61.18% 13.71% 244% 23667594
3a-c1_elba_svizzera 2.26% 4.68% 11.39% 66.33% 11.22% 4.12% 27065423
4a-c3_lazio_trentino 3.27% 4.90% 13.59% 60.01% 13.19% 5.04% 54739572
4a-c3_sicilia 0.24% 0.83% 7.28% 86.55% 4.50% 0.60% 7437002
5a_c1_gaeta_austria 3.79% 6.79% 14.05% 54.77% 14.27% 6.34% 59698459
5a-c4_sicilia 0.40% 2.34% 15.65% 67.83% 12.71% 1.07% 15268339
6a-c2_friuli_venezia_giulia 3.72% 4.79% 9.76% 6591%  9.82% 5.99% 9468567
6a-c2_messina_molise_new_1 0.97% 3.06% 18.58% 61.16% 14.44% 1.79% 25401161
E?nce%sinafmolisefnewjistretto 2.71% 5.61% 12.22% 65.25% 10.33% 3.88% 5070803
7a-c2_calabria-gargano 0.40% 1.55% 6.96% 81.75%  8.21% 1.12% 25408716
8a-c2_salento 0.00% 0.00% 0.19% 99.38%  0.40% 0.03% 9253032
ASC_H4_04 1a-c1_sardegna 0.25% 1.07% 3.11% 90.68% 4.05% 0.83% 4180920
1a-c1_valdaosta 4.48% 9.51% 14.71% 37.25% 18.97%  15.08% 11365599
2a-c3_liguria_piemonte 2.13% 3.93% 8.52% 62.16% 15.17% 8.09% 23439416
2a-c3_sardegna 0.67% 3.20% 9.80% 62.62% 18.59% 5.13% 20430940
3a-c2_elba_svizzera 2.68% 4.43% 8.58% 63.90% 13.70% 6.71% 36819318
4a-c1_roma_austria 1.92% 4.13% 9.78% 62.26% 15.57% 6.34% 62149065
4a-c1_sicilia 0.41% 1.53% 9.16% 71.76% 15.43% 1.72% 10278911
5a-c3_campania_marche 1.11% 4.27% 11.44% 58.04% 19.36% 5.78% 35065063
5a-c3_friuli 4.83% 5.59% 7.65% 59.69% 11.11%  11.13% 17940949
5a-c3_sicilia 0.26% 1.47% 9.03% 72.38% 15.37% 1.50% 18788678
6a-c3_calabria_molise_new_1 0.60% 2.52% 10.16% 66.34% 17.56% 2.83% 25022187
6a-c3_calabria_molise_new_2 1.27% 3.49% 8.84% 66.10% 15.33% 4.97% 9034866
7a-c3_puglia 0.01% 0.03% 0.27% 98.09% 1.57% 0.04% 9496490
9a-c3_salento 0.00% 0.00% 0.06% 98.83% 1.00% 0.11% 1149109
ASC_H4_05 1a-c2_piemonte 3.92% 7.93% 11.74% 36.17% 23.22%  17.02% 21828384
1a-c2_sardegna 0.19% 1.49% 5.28% 80.22% 10.73% 2.09% 18626344
2a-c4_liguria_piemonte 2.06% 3.82% 6.42% 66.21% 13.43% 8.07% 24798316
2a-c4_sardegna 0.33% 1.72% 6.10% 71.77%  15.84% 4.24% 7187775
3a-c4_toscana_lombardia 1.84% 3.82% 8.03% 63.46% 15.82% 7.04% 44381045
4a-c2_sicilia_palermo 0.38% 1.44% 8.21% 62.36% 24.87% 2.74% 12442967
4a-c4_roma_tirolo 1.22% 3.15% 8.14% 64.03% 17.32% 6.13% 66537316
5a-c1_sicilia 0.30% 1.37% 5.40% 71.90% 18.23% 2.81% 18312456
5a-c4_campania_marche 0.62% 2.72% 8.50% 61.57% 21.79% 4.80% 34517008
5a-c4_friuli 2.77% 3.95% 5.53% 68.92% 10.03% 8.79% 13403351
6a-c4_calabria_puglia 0.57% 2.70% 9.23% 62.03% 21.16% 430% 43387217

7a-c4_puglia 0.00% 0.02% 0.21% 95.14%  4.55% 0.08% 9202759




GISCIENCE & REMOTE SENSING (&) 21

500000E 1000000E

Ascending

R Index

[ No PS
(Deformation effects)

B Strong Pixel
Compression (few PS)

[ Low slope

zZ 1 Medium slope 2
oS S
S N [ Good slope S
S «( | I Very good slope §
) SN
Lo '\*.'% : =
s

AN
s 2
S
S S
S
S S
0
© =
- N
5 3
S S
& S
S S
S o
S
=) =

0 100 200 km
) e
EPSG: 32632 "
500000E 1000000E

Figure A1. R-Index map of the Italian Peninsula, ascending geometry.
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Table A2. Descending R-Index data for the single strips.

Geometric Strong pixel Low slope  Medium  Good Very good
R-Index (Descending) deformation (no PS) compression (few PS) (few PS) slope slope slope tot [pixel]
DESC_H4_01 1d-c4_salento 0.03% 0.19% 1.70% 98.04% 0.03% 0.00% 5729574
2d-c4_puglia_calabria 1.80% 4.68% 16.00% 68.97% 7.06% 1.49% 25249299
3d-c2_foggia 1.20% 3.70% 17.20% 68.25% 8.42% 1.23% 23815128
3d-c2_sicilia_eolie 0.90% 3.43% 17.03% 69.68% 8.08% 0.88% 19513305
4d-c1_sicilia_palermo 1.02% 3.27% 19.65% 67.17% 7.84% 1.05% 10205673
4d-c4_abruzzo_campania 1.77% 5.12% 19.66% 63.10% 8.92% 1.42% 19385106
5d-c3_trieste 1.02% 1.22% 8.82% 84.34% 4.13% 0.47% 2872509
5d-c3_umbria 3.26% 6.64% 18.60% 55.09% 13.11% 330% 27835979
6d-c1_roma_austria 3.27% 4.55% 12.96% 67.98% 8.24% 3.00% 52360531
7d-c2_elba_austria 6.77% 7.34% 12.86% 55.85% 11.29% 5.89% 40812547
7d-c2_sardegna 1.85% 6.23% 18.04% 61.25% 11.09% 1.54% 26770971
8d-c1_liguria_svizzera 5.07% 6.21% 11.24% 62.53% 9.95% 501% 25381154
9d-c2_monaco_svizzera 8.03% 8.53% 15.73% 50.77% 10.67% 6.27% 24471852
DESC_H4_03 1d-c3_puglia 0.00% 0.07% 82.62% 0.05% 0.00% 17.26% 8881489
2d-c3_puglia_calabria 1.19% 3.64% 12.92% 67.50% 12.23% 2.52% 37549066
3d-c3_campania_molise 0.79% 231% 12.06% 71.99% 11.23% 1.61% 20983616
3d-c3_sicilia_centrale 0.41% 2.34% 15.81% 65.98% 14.44% 1.02% 14168915
4d-c3_lazio 2.33% 6.02% 16.21% 55.25% 15.90% 4.29% 18628185
4d-c3_sicilia_occ 0.45% 1.16% 8.27% 82.00% 7.34% 0.77% 7945990
5d-c4_friuli 3.45% 4.26% 7.16% 71.64% 8.57% 493% 10687826
5d-c4_marche_roma 1.34% 3.82% 13.69% 64.94% 13.66% 2.55% 27645852
6d-c2_argent_bologna_austria 3.25% 4.73% 11.55% 63.91% 11.95% 4.62% 55030694
7d-c3_liguria_lombardia 5.20% 7.78% 12.96% 51.22% 14.34% 8.51% 34287096
7d-c3_sardegna 0.54% 2.74% 10.92% 7321% 11.37% 1.22% 29324915
8d-c3_liguria_piemonte 1.66% 3.53% 7.81% 76.23% 8.16% 2.61% 24850567
9d-c1_valdaosta 10.47% 11.61% 16.89% 2991% 19.08%  12.04% 18472378
1d-c2_taranto_est 0.00% 0.09% 73.72% 0.36% 0.01%  25.82% 8616461
2d-c2_sicilia_puglia 0.76% 2.83% 8.78% 69.07% 15.01% 3.56% 33260761
DESC_H4_04 2d-c2_siclia_puglia_solo_sicilia 0.98% 2.82% 5.01% 78.75% 8.72% 3.72% 9282963
3d-c4_sicilia 0.24% 1.44% 11.00% 63.16% 22.46% 1.70% 11606662
3d-c4_molise_campania 0.64% 2.10% 10.25% 64.66% 19.55% 2.80% 17847155
4d-c2_centro 1.20% 4.58% 12.42% 57.95% 18.79% 5.06% 25729248
4d-c2_sicilia_ovest 0.07% 0.24% 0.91% 93.84% 4.48% 0.46% 4924795
Egofnza_n_austria_newj _north 2.85% 3.82% 5.27% 74.49% 7.34% 6.24% 14499141
Elc'jo(r%a_n_austria_new_2_south 0.37% 2.56% 10.82% 64.92% 18.94% 240% 26566239
6d-c3_toscana_trentino 2.26% 4.76% 10.52% 59.02% 16.55% 6.89% 51011786
7d-c1_liguria-svizzera 3.25% 5.65% 10.44% 55.94% 16.22% 8.51% 29039275
7d-c1_sardegna 0.10% 0.86% 4.48% 82.07% 11.16% 133% 16406776
8d-c2_liguria-svizzera 2.97% 6.03% 11.08% 57.60% 15.00% 7.32% 30522978
9d-c3_francia_valdaosta 5.76% 7.16% 11.55% 32.85% 29.73%  12.96% 5711885
DESC_H4_05 1d-c1_calabria_new_1_puglia 0.00% 0.05% 0.39% 95.56% 3.95% 0.04% 7130536
1d-c1_calabria_new_2_calabria 0.26% 1.33% 6.62% 77.17% 12.73% 1.90% 7008574
2d-c1_catania_puglia_new_1 0.32% 1.89% 7.35% 66.94% 20.14% 337% 23319771
Eccia%;nia_puglia_new_Z_stretto 0.63% 2.43% 6.05% 7435% 12.95% 3.59% 17062655
3d-c1_napoli_molise 0.38% 1.58% 8.06% 65.71% 21.30% 2.98% 19218517
3d-c1_sicilia-centrale 0.23% 1.11% 8.40% 59.44% 28.58% 2.25% 10414778
4d-c1_umbria 1.09% 4.14% 10.32% 5441% 23.04% 7.01% 28481787
5d-c1_lazio_friuli 1.22% 241% 6.36% 7137% 14.35% 4.28% 50094502
6d-c4_sardegna 0.87% 4.49% 10.69% 62.61% 15.50% 5.84% 16320421
6d-c4_tirolo_elba 2.48% 4.71% 9.14% 57.62% 17.30% 8.75% 48776138
7d-c4_lombardia_liguria 2.51% 4.92% 8.60% 56.45% 17.70% 9.82% 25999116
7d-c4_sardegna 0.02% 0.26% 2.36% 86.29% 9.82% 1.26% 6406656

8d-c4_piemonte 3.36% 5.68% 9.33% 58.11% 14.15% 9.36% 30521208
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Figure A2. R-Index map of the Italian Peninsula, descending geometry.
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Table A3. Ascending percent of measurability of movement data for the single strips.

Percentage of measurability of movement (Ascending) 0% — 20% 20% — 40% 40% — 60% 60% — 80% 80% — 100% tot [pixel]
ASC_H4_01 2a-c1_monaco_valdaosta 24.20% 24.63% 23.71% 17.97% 9.49% 21343265
2a-c1_sardegna2 24.16% 32.51% 34.10% 8.27% 0.96% 18260402
3a-c3_liguria_piemonte 24.53% 27.72% 26.73% 15.27% 5.74% 15340877
4a-c2_argentario_svizzera 24.00% 26.79% 29.09% 14.94% 5.18% 37023584
4a-c4_sicilia 19.95% 43.79% 34.06% 1.70% 0.51% 732352
5a-c2_napoli_austria 23.25% 25.82% 29.68% 16.39% 4.86% 47927447
5a-c2_sicilia_centrale 26.69% 27.60% 35.41% 9.58% 0.71% 10467024
6a-c1_centro 24.71% 27.31% 33.13% 12.62% 2.23% 22027132
6a-c1_friuli 25.13% 27.82% 23.97% 14.67% 8.40% 7647479
6a-c1_sicilia_ne 21.37% 21.40% 28.56% 21.71% 6.96% 3422953
7a-c1_calabria_gargano 25.36% 28.72% 31.79% 12.45% 1.68% 31802614
8a-c1_salento 22.93% 48.82% 28.15% 0.09% 0.00% 4191780
ASC_H4_03 2a-c2_liguria_svizzera 22.86% 21.81% 30.30% 17.48% 7.55% 20501227
2a-c2_sardegna 23.00% 23.18% 34.02% 16.99% 2.81% 20453480
3a-c1_elba_svizzera 23.76% 21.81% 29.78% 18.27% 6.38% 17702952
4a-c3_lazio_trentino 21.99% 21.50% 32.38% 17.82% 6.30% 42609935
4a-c3_sicilia 23.93% 26.24% 42.25% 6.74% 0.85% 5077655
5a_c1_gaeta_austria 21.59% 20.10% 29.57% 20.77% 7.98% 46137350
5a-c4_sicilia 24.71% 24.11% 36.06% 13.95% 1.16% 13245512
6a-c2_friuli_venezia_giulia 24.66% 21.38% 28.97% 16.29% 8.70% 5871318
6a-c2_messina_molise_new_1 22.58% 22.88% 35.71% 16.77% 2.05% 22184149
6a-c2_messina_molise_new_2_stretto 22.37% 20.88% 29.89% 19.96% 6.89% 2994885
7a-c2_calabria-gargano 23.80% 25.46% 39.35% 10.06% 1.34% 18156326
8a-c2_salento 19.44% 25.92% 53.89% 0.71% 0.04% 4078385
ASC_H4_04 1a-c1_sardegna 19.91% 21.34% 38.48% 16.74% 3.54% 1212941
1a-c1_valdaosta 21.04% 17.02% 24.18% 23.22% 14.54% 11189198
2a-c3_liguria_piemonte 23.24% 21.20% 28.97% 17.59% 8.99% 18068968
2a-c3_sardegna 21.98% 21.32% 30.49% 20.76% 5.45% 15586148
3a-c2_elba_svizzera 23.01% 20.88% 27.17% 18.59% 10.35% 24732782
4a-c1_roma_austria 20.43% 20.08% 31.16% 20.50% 7.82% 46526865
4a-c1_sicilia 23.55% 22.59% 34.06% 17.83% 1.98% 8095796
5a-c3_campania_marche 21.68% 20.68% 30.21% 20.98% 6.46% 29425349
5a-c3_friuli 21.60% 18.40% 24.13% 19.40% 16.46% 10920640
5a-c3_sicilia 23.02% 22.46% 35.40% 17.30% 1.83% 15311143
6a-c3_calabria_molise_new_1 21.49% 21.69% 34.75% 18.74% 3.34% 21319366
6a-c3_calabria_molise_new_2 21.41% 21.60% 31.68% 19.03% 6.28% 6518342
7a-c3_puglia 27.09% 28.44% 42.55% 1.84% 0.07% 6292891
9a-c3_salento 17.41% 23.25% 55.69% 3.41% 0.25% 228893
ASC_H4_05 1a-c2_piemonte 20.90% 17.35% 23.57% 21.93% 16.25% 20639380
1a-c2_sardegna 20.81% 21.15% 34.37% 19.10% 4.56% 9502043
2a-c4_liguria_piemonte 22.19% 21.02% 27.74% 18.19% 10.86% 16476434
2a-c4_sardegna 22.28% 21.86% 30.27% 20.53% 5.06% 4203741
3a-c4_toscana_lombardia 21.73% 20.58% 27.61% 20.11% 9.96% 30863447
4a-c2_sicilia_palermo 22.48% 20.76% 29.81% 23.86% 3.08% 10322825
4a-c4_roma_tirolo 19.89% 19.90% 30.49% 21.72% 8.00% 48434239
5a-c1_sicilia 21.17% 21.12% 33.75% 20.06% 3.90% 12704977
5a-c4_campania_marche 21.75% 20.89% 29.66% 21.62% 6.08% 27415007
5a-c4_friuli 22.64% 20.77% 26.70% 16.52% 13.36% 7437783
6a-c4_calabria_puglia 21.49% 20.95% 30.58% 21.79% 5.20% 35695918
7a-c4_puglia 24.42% 26.66% 43.92% 4.89% 0.11% 5991209
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Table A4. Descending percent of measurability of movement data for the single strips.

Percentage of measurability of movement (Descending) 0% — 20% 20% — 40% 40% — 60% 60% — 80% 80% — 100% tot [pixel]
1d-c4_salento 25.05% 46.79% 27.41% 0.70% 0.04% 2436369
DESC_H4_01 2d-c4_puglia_calabria 26.64% 31.01% 29.44% 10.76% 2.15% 19011031
3d-c2_foggia 27.88% 30.18% 30.73% 9.74% 1.48% 18728821
3d-c2_sicilia_eolie 25.72% 28.77% 34.10% 10.27% 1.14% 15281814
4d-c1_sicilia_palermo 27.25% 27.68% 34.21% 9.60% 1.26% 8006562
4d-c4_abruzzo_campania 24.50% 27.99% 32.38% 13.07% 2.06% 14846929
5d-c3_trieste 29.71% 33.16% 30.26% 5.42% 1.46% 1634098
5d-c3_umbria 23.16% 26.39% 31.53% 15.17% 3.75% 24815837
6d-c1_roma_austria 23.41% 27.02% 30.47% 14.16% 4.93% 33207873
7d-c2_elba_austria 22.08% 22.73% 26.21% 19.56% 9.43% 28414519
7d-c2_sardegna 24.24% 27.65% 31.82% 14.15% 2.15% 21861229
8d-c1_liguria_svizzera 24.60% 27.04% 24.30% 16.31% 7.74% 17407608
9d-c2_monaco_svizzera 24.49% 24.84% 25.64% 16.11% 8.93% 20533954
DESC_H4_03 1d-c3_puglia 24.73% 31.31% 43.87% 0.09% 0.00% 2849483
2d-c3_puglia_calabria 24.51% 23.94% 34.52% 14.21% 2.83% 31357482
3d-c3_campania_molise 24.09% 24.66% 36.56% 12.80% 1.89% 16704503
3d-c3_sicilia_centrale 24.14% 23.46% 34.55% 16.59% 1.26% 11366632
4d-c3_lazio 23.02% 22.12% 31.67% 18.34% 4.86% 16073733
4d-c3_sicilia_occ 24.45% 25.67% 39.89% 8.89% 1.10% 5896800
5d-c4_friuli 25.59% 21.21% 28.58% 15.89% 8.73% 5599280
5d-c4_marche_roma 21.63% 22.86% 36.43% 16.01% 3.07% 23583452
6d-c2_argent_bologna_austria 22.29% 20.97% 31.32% 18.46% 6.96% 37617263
7d-c3_liguria_lombardia 22.41% 19.40% 26.00% 21.12% 11.07% 26113829
7d-c3_sardegna 22.88% 24.14% 38.20% 13.16% 1.62% 22865591
8d-c3_liguria_piemonte 23.02% 23.44% 34.95% 13.89% 4.70% 15383539
9d-c1_valdaosta 22.85% 19.19% 22.30% 21.37% 14.29% 18344674
DESC_H4_04 1d-c2_taranto_est 27.43% 29.20% 42.67% 0.69% 0.01% 3450024
2d-c2_sicilia_puglia 23.56% 22.34% 31.51% 18.07% 4.52% 24390331
2d-c2_siclia_puglia_solo_sicilia 22.85% 21.44% 33.38% 15.48% 6.84% 4636002
3d-c4_sicilia 23.41% 21.92% 31.72% 21.16% 1.80% 10084646
3d-c4_molise_campania 22.17% 21.95% 33.19%% 19.85% 2.84% 15283821
4d-c2_centro 23.79% 21.71% 29.38% 19.48% 5.63% 21709901
4d-c2_sicilia_ovest 23.15% 25.77% 43.38% 6.86% 0.85% 2070440
5d-c2_roma_n_austria_new_1_north 24.22% 20.55% 29.29% 14.62% 11.31% 7407799
5d-c2_roma_n_austria_new_2_south 20.74% 21.39% 33.99% 20.86% 3.03% 22350161
6d-c3_toscana_trentino 21.55% 19.21% 28.31% 21.89% 9.03% 37247242
7d-c1_liguria-svizzera 22.75% 19.39% 25.00% 21.35% 11.51% 21684241
7d-c1_sardegna 22.29% 22.88% 37.25% 15.61% 1.96% 9001491
8d-c2_liguria-svizzera 21.80% 19.31% 29.79% 19.12% 9.98% 25055753
9d-c3_francia_valdaosta 20.91% 18.14% 23.41% 23.24% 14.28% 5535342
1d-c1_calabria_new_1_puglia 27.58% 28.47% 39.59% 4.26% 0.09% 4747514
DESC_H4_05 1d-c1_calabria_new_2_calabria 21.39% 21.77% 32.78% 20.65% 3.40% 4298696
2d-c1_catania_puglia_new_1 23.05% 22.01% 30.22% 20.57% 4.15% 18031733
2d-c1_catania_puglia_new_2_stretto 21.82% 21.15% 33.84% 18.06% 5.13% 12610731
3d-c1_napoli_molise 22.82% 21.77% 30.42% 21.79% 3.21% 15321372
3d-c1_sicilia-centrale 22.57% 20.65% 28.91% 25.39% 2.48% 8930795
4d-c1_umbria 22.24% 20.32% 27.95% 21.88% 7.59% 24419417
5d-c1_lazio_friuli 20.95% 20.31% 31.17% 20.74% 6.83% 30789904
6d-c4_sardegna 19.31% 18.37% 27.11% 25.03% 10.18% 10663450
6d-c4_tirolo_elba 19.60% 17.64% 26.31% 23.74% 12.72% 34410439
7d-c4_lombardia_liguria 23.66% 18.49% 23.82% 21.48% 12.55% 19307259
7d-c4_sardegna 21.39% 22.85% 37.01% 16.76% 1.99% 2869025
8d-c4_piemonte 22.05% 18.78% 27.63% 19.13% 12.40% 24724471
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Figure A4. Percentage of measurability map of the Italian Peninsula, descending geometry.
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Figure A5. Weighted average visibility score for the ascending tracks of H4_01.
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Figure A6. Weighted average visibility score for the ascending tracks of H4_03.
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Figure A7. Weighted average visibility score for the ascending tracks of H4_04.
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Figure A8. Weighted average visibility score for the ascending tracks of H4_05.



30 e G. BAUSILIO ET AL.

Weighted Average Visibility Score

0.14 0.1273

Score

Track_Name (DESC_H4_01)

Figure A9. Weighted average visibility score for the descending tracks of H4_01.
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Figure A10. Weighted average visibility score for the descending tracks of H4_03.
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Figure A11. Weighted average visibility score for the descending tracks of H4_04.
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Figure A12. Weighted average visibility score for the descending tracks of H4_05.
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Table B1. Input and main intermediate parameters for the R-Index model in ascending geometry.

Data Name Description Source
Input  DTM Digital Terrain Model. Italian Ministry of Environment
Input  Cell Size Resolution of the final product. User
Input  alfa Heading Angle. Mapltaly Project
Input  teta Incident Angle 8 different angles depending on the strip from the Mapiltaly Project (H1, H3, H4,
H5)
Work  Slo Slope obtained from the DTM. ArcGis 10.5 Model Builder Script
Work  Asp Aspect obtained from the DTM. ArcGis 10.5 Model Builder Script
Work  Aa Aspect Correction in the ascending R-Index ArcGis 10.5 Model Builder Script
Model.

Output R_index_asc R-Index map

ArcGis 10.5 Model Builder Script

Script B-I: Python script obtained with the ArcGis model builder for the R-Index in ascending geometry.

# -*- coding: utf-8 -*-
#
# R-Index_ASC.py

# Created on: 2023-11-22 19:30:10.00000

# (generated by ArcGIS/ModelBuilder)

# Usage: R-Index_ASC <DTM><Cell_Size><Heading_Angle_ASC><Incident_Angle><Output>

# Description:
#
# Import arcpy module

import arcpy

# Script arguments

DTM = arcpy.GetParameterAsText(0)
Cell_Size = arcpy.GetParameterAsText(1)

Heading_Angle_ASC = arcpy.GetParameterAsText(2)
Incident_Angle = arcpy.GetParameterAsText(3)
Output = arcpy.GetParameterAsText(4)

# Local variables:

slo = "C:\\VIS\WORK\\slope”

Grad2Rad = "0.0174"

slo_rad = "C:\\VIS\WORK\\slope_rad”
tan_slope = "C:\\VIS\\WORK\\tan_slope_rad”
asp = "C:\\VIS\WORK\\aspect”

r180 = "C:\\VIS\WORK\\180"

alfa = "C:\\VIS\WORK\\alfa"

v180_alfa = "C:\\VIS\\WORK\\180_alfa”
Aa = "C:\\VIS\WORK\\aa"

Aa_rad = "C:\\VIS\WORK\\aa_rad”

sin_Aa = "C:\\VIS\\WORK\\sin_aa"
tan_sin_Aa = "C:\\VIS\WORK\\tan_sin_aa"
Atan_Aa = "C\\VIS\WORK\\atan_aa"
Rad2Grad = "57.29"

arg_grad_Aa = "C\\VIS\WORK\\arg_grad_aa"
teta = "C\\VIS\\WORK\\teta"”
arg_sin_Aa = "C:\\VIS\WORK\\arg_sin_Aa"

sin_Aa_rad = "C:\\VIS\\WORK\\sin_aa_rad”
sin_Aa2 = "C:\\VIS\\WORK\\sin_aa2"
v_1="-1"

R_index_asc = "C:\\VIS\WORK\\R_index_asc”
# Process: Slope

arcpy.Slope_3d(DTM, slo, "DEGREE”, "1")

# Process: Slope in radians
arcpy.gp.Times_sa(slo, Grad2Rad, slo_rad)
# Process: Tan

arcpy.gp.Tan_sa(slo_rad, tan_slope)

# Process: Aspect

arcpy.Aspect_3d(DTM, asp)

# Process: raster_180

arcpy.gp.CreateConstantRaster_sa(r180, 180", "FLOAT", "10”, DTM)
# Process: Heading Angle Raster

arcpy.gp.CreateConstantRaster_sa(alfa, Heading_Angle_ASC, “"FLOAT", Cell_Size, DTM)

(Continued)
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(Continued).

# Process: ASC Correction
arcpy.gp.Plus_sa(r180, alfa, v180_alfa)
# Process: Aspect Correction
arcpy.gp.Plus_sa(asp, v180_alfa, Aa)

# Process: Aa in radians

arcpy.gp.Times_sa(Aa, Grad2Rad, Aa_rad)

# Process: Sin

arcpy.gp.Sin_sa(Aa_rad, sin_Aa)

# Process: Times (4)

arcpy.gp.Times_sa(tan_slope, sin_Aa, tan_sin_Aa)

# Process: ATan (2)

arcpy.gp.ATan_sa(tan_sin_Aa, Atan_Aa)

# Process: Times (9)

arcpy.gp.Times_sa(Atan_Aa, Rad2Grad, arg_grad_Aa)

# Process: Incident Angles Raster
arcpy.gp.CreateConstantRaster_sa(teta, Incident_Angle, "FLOAT", Cell_Size, DTM)
# Process: Minus (5)

arcpy.gp.Minus_sa(arg_grad_Aa, teta, arg_sin_Aa)

# Process: Times (5)

arcpy.gp.Times_sa(arg_sin_Aa, Grad2Rad, sin_Aa_rad)
# Process: Sin (6)

arcpy.gp.Sin_sa(sin_Aa_rad, sin_Aa2)

# Process: Times -1

arcpy.gp.Times_sa(sin_Aa2, v_1, R_index_asc)

# Process: Raster to ASCII
arcpy.RasterToASCII_conversion(R_index_asc, Output)
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Table B2. Input and main intermediate parameters for the R-Index model in ascending geometry.

Data Name Description Source

Input  DTM Digital Terrain Model. Italian Ministry of Environment

Input  Cell Size Resolution of the final product. User

Input  alfa Heading Angle. Mapiltaly Project

Input  teta Incident Angle. 8 different angles depending on the strip from the Mapltaly Project (H1, H3, H4,
H5)

Work  Slo Slope obtained from the DTM. ArcGis 10.5 Model Builder Script

Work  Asp Aspect obtained from the DTM. ArcGis 10.5 Model Builder Script

Work  Ad Aspect Correction in the descending R-Index ArcGis 10.5 Model Builder Script

Output R_index_desc

Model.
R-Index map.

ArcGis 10.5 Model Builder Script

Script B-ll: Python script obtained with the ArcGis model builder for the R-Index in descending geometry.

# -*- coding: utf-8 -*-
#

# R-Index_DSC.py

# Created on: 2023-11-22 18:59:02.00000

# (generated by ArcGIS/ModelBuilder)
# Usage: R-Index_DSC <DTM><Cell_Size><Heading_Angle_DSC><Incident_Angle_DSC><Output>

# Description:
#

# Import arcpy module
import arcpy
# Script arguments

DTM = arcpy.GetParameterAsText(0)

Cell_Size = arcpy.GetParameterAsText(1)
Heading_Angle_DSC = arcpy.GetParameterAsText(2)
Incident_Angle_DSC = arcpy.GetParameterAsText(3)

Output = arcpy.GetParameterAsText(4)

# Local variables:

asp = “C:\\VIS\WORK\\aspect”
alfa = “C:\\VIS\WORK\\alfa"”
r180 = “C:\\VIS\\WORK\\180"
v180_alfa = “C:\\Users\\giuse\\OneDrive\\Documenti\\ArcGIS\\Default1.gdb\\Minus_alfa1”

Ad = “C:\\VIS\WORK\\ad”

Grad2Rad = “0.0174"

Ad_rad = “C:\\VIS\WORK\\ad_rad”

sin_Ad = “C:\\VIS\\WORK\\sin_ad"

slo = “C:\\VIS\\WORK\\slope”

slo_rad = “C:\\VIS\WORK\\slope_rad”
tan_slope = “C:\\VIS\\WORK\\tan_slope_rad"
tan_sin_Ad = “C:\\VIS\\WORK\\tan_sin_ad"
Atan_Ad = “C\\VIS\\WORK\\atan_ad”

Rad2Grad = “57.29"

arg_grad_Ad = “C:\\VIS\WORK\\arg_grad_ad”
teta = “C\\VIS\\WORK\\teta"”

arg_sin_Ad = “C:\\VIS\WORK\\arg_sin_ad”
sin_Ad_rad = “C:\\VIS\\WORK\\sin_ad_rad"

sin_Ad2 = “C:\\VIS\WORK\\sin_ad2"

v.1="1"

R_index_desc = “C:\\VIS\\WORK\\R_index_desc”

# Process: Aspect

arcpy.Aspect_3d(DTM, asp)
# Process: Angle from North Raster

arcpy.gp.CreateConstantRaster_sa(alfa, Heading_Angle_DSC, “FLOAT", Cell_Size, DTM)

# Process: raster_180

arcpy.gp.CreateConstantRaster_sa(r180, “180", “FLOAT", “10”, DTM)
# Process: DSC Correction

arcpy.gp.Minus_sa(alfa, r180, v180_alfa)
# Process: Aspect Correction
arcpy.gp.Minus_sa(asp, v180_alfa, Ad)

# Process: Ad in radians

arcpy.gp.Times_sa(Ad, Grad2Rad, Ad_rad)

# Process: Sin

(Continued)
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(Continued).

arcpy.gp.Sin_sa(Ad_rad, sin_Ad)

# Process: Slope

arcpy.Slope_3d(DTM, slo, “DEGREE", “1")

# Process: Slope in radians

arcpy.gp.Times_sa(slo, Grad2Rad, slo_rad)

# Process: Tan

arcpy.gp.Tan_sa(slo_rad, tan_slope)

# Process: Times (7)

arcpy.gp.Times_sa(sin_Ad, tan_slope, tan_sin_Ad)

# Process: ATan

arcpy.gp.ATan_sa(tan_sin_Ad, Atan_Ad)

# Process: Times (3)

arcpy.gp.Times_sa(Atan_Ad, Rad2Grad, arg_grad_Ad)
# Process: Incident Angles
arcpy.gp.CreateConstantRaster_sa(teta, Incident_Angle_DSC, “FLOAT”, Cell_Size, DTM)
# Process: Minus (4)

arcpy.gp.Minus_sa(arg_grad_Ad, teta, arg_sin_Ad)

# Process: Times (8)

arcpy.gp.Times_sa(arg_sin_Ad, Grad2Rad, sin_Ad_rad)
# Process: Sin (5)

arcpy.gp.Sin_sa(sin_Ad_rad, sin_Ad2)

# Process: Times -1

arcpy.gp.Times_sa(sin_Ad2, v_1, R_index_desc)

# Process: Raster to ASCII
arcpy.RasterToASCII_conversion(R_index_desc, Output)
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Table B3. Input and main intermediate parameters for the percentage of movement measurability model in ascending geometry.

Data Name Description Source

Input  DTM Digital Terrain Model. Italian Ministry of Environment

Input  Cell Size Resolution of the final product. User

Input  epsilon Heading Angle. Mapltaly Project

Input  teta Incident Angle. 8 different angles depending on the strip from the Mapltaly Project (H1, H3, H4,

H5) and the geometry (ASC or DSC)

Work  Slo Slope obtained from the DTM. ArcGis 10.5 Model Builder Script

Work  Asp Aspect obtained from the DTM. ArcGis 10.5 Model Builder Script

Work  Beta (90°-Asp)+Epsilon ArcGis 10.5 Model Builder Script

Work  Abs_xh_asc Absolute value of the cosine of Beta. ArcGis 10.5 Model Builder Script
|cos(Beta))|

Work  x_v_aver Component of the Percentage for the slopes facing ArcGis 10.5 Model Builder Script

the satellite.

Work  x_v_tow Component of the Percentage for the slopes facing ArcGis 10.5 Model Builder Script

away from the satellite.

Work  x_v_asc Mosaic of the two elements. ArcGis 10.5 Model Builder Script

X_v_aver + x_v_tow

Output x_tot_asc  Percentage of Measurability of Movement map. ArcGis 10.5 Model Builder Script

Script B-lll: Python script obtained with the ArcGis model builder for the Percentage of measurability of movement in ascending

geometry.

# -*- coding: utf-8 -*-
#
# PER_ASC.py

# Created on: 2023-09-29 18:49:40.00000

# (generated by ArcGIS/ModelBuilder)

# Usage: PER_ASC <DEM> <Cell_size> <Heading_Angle> <Incident_Angle> <Output>
# Description:

#
# Import arcpy module

import arcpy

# Script arguments

DEM = arcpy.GetParameterAsText(0)

if DEM == "#' or not DEM:

DEM = “DEM_2A-C1_Monaco_Valdaosta.tif" # Provide a default value if unspecified
Cell_size = arcpy.GetParameterAsText(1)

if Cell_size == "#' or not Cell_size:

Cell_size = “10” # Provide a default value if unspecified

Heading_Angle = arcpy.GetParameterAsText(2)

if Heading_Angle == ‘#' or not Heading_Angle:

Heading_Angle = “-10” # Provide a default value if unspecified

Incident_Angle = arcpy.GetParameterAsText(3)

if Incident_Angle == ‘#' or not Incident_Angle:

Incident_Angle = “26.65" # Provide a default value if unspecified

Output = arcpy.GetParameterAsText(4)

if Output == ‘#' or not Output:

Output = “C\\VIS\OUTPUT\\NAME_PERC_ASC.asc” # Provide a default value if unspecified

# Local variables:

r90 = “C:\\VIS\WORK\\r90"

Grad2Rad = “0.0174"

r90_rad = “C:\\VIS\WWORK\\90_rad"

asp = “C:\\VIS\\WORK\\asp”

asp_rad = “C:\\VIS\WORK\\asp_rad”
r90_rad_asp_rad = “C\\VIS\\WORK\\90-asp_rad”
epsilon = “C:\\VIS\\WORK\\epsilon”
epsilon_rad = “C:\\VIS\WORK\\epsilon_rad”
beta = “C\\VIS\\WORK\\beta"”

cos_beta = “C:\\VIS\\WORK\\cos_beta"
abs_xh_asc = “C\\VIS\WORK\\abs_xh_asc”
rincAng = “C\\VIS\\WORK\\HA"

r90_rlA = “C:\\VIS\WWORK\\r90-rHA"

slo = “C:\\VIS\WORK\\slope”

asp_int = “C:\\VIS\WORK\\asp_int"
asp_east = “C\\VIS\\WORK\\asp_east”
slope_east = “C:\\VIS\WORK\\slope_east”

(Continued)
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(Continued).

slope_east_r = “C\\VIS\\WORK\\slope_east_r"
tan_east = “C:\\VIS\\WORK\\tan_east”

delta_east = “C:\\VIS\\WORK\\delta_east”

atan_east = “C:\\VIS\WORK\\atan_east”

Rad2Grad = “57.296"

delta_e_grad = “C:\\VIS\WORK\\delta_e_grad”
ro_east = “C:\\VIS\\WORK\\ro_east”

ro_east_rad = “C:\\VIS\WORK\\ro_east_rad”

x_v_aver = “C\\VIS\WORK\\x_v_aver”

X_V_asc = X_v_aver

asp_west = “C:\\VIS\WORK\\asp_west”

slope_west = “C:\\VIS\\WORK\\slope_west”
slope_west_r = “C:\\VIS\WORK\\slope_west_r"
tan_west = “C:\\VIS\\WORK\\tan_west”

delta_west = “C:\\VIS\\WORK\\delta_west"

atan_west = “C:\\VIS\\WORK\\atan_west”
delta_w_grad = “C:\\VIS\\WORK\\delta_w_grad”
ro_west = “C:\\VIS\\WORK\\ro_west"

ro_west_rad = “C:\\VIS\WORK\\ro_west_rad”
x_v_tow = “C:\\VIS\WORK\\x_v_tow”

WORK = “C:\\VIS\WORK”

x_tot_asc = “C:\\VIS\\WORK\\x_tot_asc”

# Process: Create Constant Raster
arcpy.gp.CreateConstantRaster_sa(r90, “90”, “FLOAT", Cell_size, DEM)
# Process: r90 in Radiants

arcpy.gp.Times_sa(r90, Grad2Rad, r90_rad)

# Process: Aspect

arcpy.Aspect_3d(DEM, asp)

# Process: Aspect in Radiants

arcpy.gp.Times_sa(asp, Grad2Rad, asp_rad)

# Process: Minus

arcpy.gp.Minus_sa(r90_rad, asp_rad, r90_rad_asp_rad)
# Process: Heading Angle Epsilon
arcpy.gp.CreateConstantRaster_sa(epsilon, Heading_Angle, “FLOAT", Cell_size, DEM)
# Process: Epsilon in Radiants
arcpy.gp.Times_sa(epsilon, Grad2Rad, epsilon_rad)

# Process: Plus (2)

arcpy.gp.Plus_sa(r90_rad_asp_rad, epsilon_rad, beta)
# Process: Cos

arcpy.gp.Cos_sa(beta, cos_beta)

# Process: Abs

arcpy.gp.Abs_sa(cos_beta, abs_xh_asc)

# Process: r_IA
arcpy.gp.CreateConstantRaster_sa(rincAng, Incident_Angle, “FLOAT”, Cell_size, DEM)
# Process: Minus (2)

arcpy.gp.Minus_sa(ro0, rincAng, r90_rlA)

# Process: Slope

arcpy.Slope_3d(DEM, slo, “DEGREE”, “1")

# Process: Aspect in Integers

arcpy.gp.Int_sa(asp, asp_int)

# Process: Extraction of the East facing data
arcpy.gp.ExtractByAttributes_sa(asp_int, “VALUE >=0 AND VALUE <=170 OR VALUE >=350 AND VALUE <360", asp_east)
# Process: East facing Slopes
arcpy.gp.ExtractByMask_sa(slo, asp_east, slope_east)

# Process: East-facing slopes in radiants
arcpy.gp.Times_sa(slope_east, Grad2Rad, slope_east_r)
# Process: Tan east

arcpy.gp.Tan_sa(slope_east_r, tan_east)

# Process: Times (6)

arcpy.gp.Times_sa(tan_east, cos_beta, delta_east)

# Process: ATan delta east
arcpy.gp.ATan_sa(delta_east, atan_east)

# Process: Times (9)

arcpy.gp.Times_sa(atan_east, Rad2Grad, delta_e_grad)
# Process: Minus (3)

arcpy.gp.Minus_sa(r90_rlA, delta_e_grad, ro_east)

# Process: Times (11)

arcpy.gp.Times_sa(ro_east, Grad2Rad, ro_east_rad)

# Process: Cos (2)

arcpy.gp.Cos_sa(ro_east_rad, x_v_aver)

# Process: Extraction of the West facing data
arcpy.gp.ExtractByAttributes_sa(asp_int, “\VALUE\" > 170 AND “\VALUE\" <= 350", asp_west)
# Process: West facing Slopes

(Continued)
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(Continued).

arcpy.gp.ExtractByMask_sa(slo, asp_west, slope_west)

# Process: West-facing slopes in radiants

arcpy.gp.Times_sa(slope_west, Grad2Rad, slope_west_r)

# Process: Tan west

arcpy.gp.Tan_sa(slope_west_r, tan_west)

# Process: Times (7)

arcpy.gp.Times_sa(tan_west, cos_beta, delta_west)

# Process: Atan Delta west

arcpy.gp.ATan_sa(delta_west, atan_west)

# Process: Times (10)

arcpy.gp.Times_sa(atan_west, Rad2Grad, delta_w_grad)

# Process: Plus

arcpy.gp.Plus_sa(delta_w_grad, r90_rlA, ro_west)

# Process: Times (12)

arcpy.gp.Times_sa(ro_west, Grad2Rad, ro_west_rad)

# Process: Cos (3)

arcpy.gp.Cos_sa(ro_west_rad, x_v_tow)

# Process: Mosaic To New Raster

arcpy.MosaicToNewRaster_management(“C:\\VIS\\WORK\\x_v_aver;C:\\VIS\WORK\\x_v_tow"”, WORK, “x_v_asc”, ", “8_BIT_UNSIGNED", *", “1”, “LAST",
“FIRST")

# Process: Times (13)

arcpy.gp.Times_sa(abs_xh_asc, x_v_asc, x_tot_asc)

# Process: Raster to ASCII

arcpy.RasterToASCIl_conversion(x_tot_asc, Output)
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Table B4. Input and main intermediate parameters for the percentage of movement measurability model in ascending geometry.

Data Name Description Source
Input  DTM Digital Terrain Model. Italian Ministry of Environment
Input  Cell Size Resolution of the final product. User
Input  epsilon Heading Angle. Mapltaly Project
Input  teta Incident Angle. 8 different angles depending on the strip from the Mapltaly Project (H1, H3,
H4, H5) and the geometry (ASC or DSC)
Work  Slo Slope obtained from the DTM. ArcGis 10.5 Model Builder Script
Work  Asp Aspect obtained from the DTM. ArcGis 10.5 Model Builder Script
Work  Beta (90°-Asp)+Epsilon ArcGis 10.5 Model Builder Script
Work  Abs_xh_desc Absolute value of the cosine of Beta. ArcGis 10.5 Model Builder Script
|cos(Beta)|
Work  x_v_aver Component of the Percentage for the slopes facing ArcGis 10.5 Model Builder Script
the satellite.
Work  x_v_tow Component of the Percentage for the slopes facing ArcGis 10.5 Model Builder Script
away from the satellite.
Work  x_v_desc Mosaic of the two elements. ArcGis 10.5 Model Builder Script

X_v_aver + x_v_tow

Output x_tot_desc  Percentage of Measurability of Movement map.

ArcGis 10.5 Model Builder Script

Script B-IV: Python script obtained with the ArcGis model builder for the Percentage of measurability of movement in ascending

geometry.

# -*- coding: utf-8 -*-

# %_DSC.py

# Created on: 2023-11-22 20:55:48.00000
# (generatedby ArcGIS/ModelBuilder)

# Usage: %_DSC <DTM><Cell_Size><Heading_Angle_DSC><Incident_Angle_DSC><Output>

# Description:
#

# Import arcpy module

import arcpy

# Script arguments

DTM = arcpy.GetParameterAsText(0)

Cell_Size = arcpy.GetParameterAsText(1)
Heading_Angle_DSC = arcpy.GetParameterAsText(2)
Incident_Angle_DSC = arcpy.GetParameterAsText(3)
Output = arcpy.GetParameterAsText(4)

# Local variables:

r90 = "C:\\VIS\WORK\\r90"

Grad2Rad = "0.0174"

r90_rad = "C:\\VIS\WWORK\\90_rad"

asp = "C:\\VIS\WORK\\aspect”

asp_rad = "C:\\VIS\WORK\\asp_rad”
r90_rad_asp_rad ="C\\VIS\\WORK\\90-asp_rad”
epsilon = "C:\\VIS\\WORK\\epsilon”
epsilon_rad = "C\\VIS\\WORK\\epsilon_rad”
beta = "C\\VIS\\WORK\\beta2"

cos_beta = "C:\\VIS\\WORK\\cos_beta"
abs_xh_desc = "C:\\VIS\\WORK\\abs_xh_desc”
slo = "C:\\VIS\WORK\\slope”

asp_int = "C:\\VIS\WORK\\asp_int”"

asp_east = "C:\\VIS\\WORK\\asp_east”
slope_east = "C:\\VIS\WORK\\slope_east”
slope_e_rad = "C:\\VIS\WORK\\slope_e_rad”
tan_east = "C\\VIS\\WORK\\tan_east”
delta_east = "C\\VIS\\WORK\\delta_east”
atan_east = "C:\\VIS\\WORK\\atan_east”
Rad2Grad= "57.296"

delta_e_grad= "C:\\VIS\WORK\\delta_e_grad”
rinc_Ang = "C:\\VIS\WORK\\r_|A"

r90_IA = "C:\\VIS\\WORK\\r90-1A"

ro_east = "C:\\VIS\\WORK\\ro_east”
ro_east_rad = "C:\\VIS\\WORK\\ro_east_rad”

(Continued)
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(Continued).

X_v_tow = "CA\\VISWWORK\\x_v_tow”

X_v_desc = x_v_tow

asp_west = "C:\\VIS\\WORK\\asp_west”

slope_west = "C\\VIS\\WORK\\slope_west"
slope_w_rad = "C:\\VIS\WORK\\slope_w_rad”
tan_west = "C:\\VIS\WORK\\tan_west”

delta_west = "C:\\VIS\\WORK\\delta_west"

atan_west = "C:\\VIS\\WORK\\atan_west”
delta_w_grad = "C:\\VIS\WORK\\delta_w_grad”
ro_west = "C:\\VIS\\WORK\\ro_west”

ro_west_rad = "C\\VIS\WORK\\ro_west_rad"”
x_v_aver = "C:\\VIS\\WORK\\x_v_aver”
Composed_Empty_Raster = "C:\\VIS\\WORK"
x_tot_desc = "C\\VIS\\WORK\\x_tot_desc”

# Process: Create Constant Raster
arcpy.gp.CreateConstantRaster_sa(r90, "90”,"FLOAT”, Cell_Size, DTM)
# Process: r90 in Radiants

arcpy.gp.Times_sa(r90, Grad2Rad, r90_rad)

# Process: Aspect

arcpy.Aspect_3d(DTM, asp)

# Process: Aspect in Radiants

arcpy.gp.Times_sa(asp, Grad2Rad, asp_rad)

# Process: Minus

arcpy.gp.Minus_sa(r90_rad, asp_rad, r90_rad_asp_rad)
# Process: Heading Angle Epsilon
arcpy.gp.CreateConstantRaster_sa(epsilon,Heading_Angle_DSC, "FLOAT”, 10", DTM)
# Process: Epsilon in radians
arcpy.gp.Times_sa(epsilon, Grad2Rad, epsilon_rad)

# Process: Plus (2)

arcpy.gp.Plus_sa(r90_rad_asp_rad, epsilon_rad, beta)
# Process: Cos

arcpy.gp.Cos_sa(beta, cos_beta)

# Process: Abs

arcpy.gp.Abs_sa(cos_beta, abs_xh_desc)

# Process: Slope

arcpy.Slope_3d(DTM, slo, "DEGREE","1")

# Process: Aspect in Integers

arcpy.gp.Int_sa(asp, asp_int)

# Process: Extraction of the East facing data
arcpy.gp.ExtractByAttributes_sa(asp_int, “VALUE>=0 AND VALUE <=170 OR VALUE >350 AND VALUE <=360", asp_east)
# Process: East facing Slopes
arcpy.gp.ExtractByMask_sa(slo, asp_east, slope_east)

# Process: east facing slopes in radians
arcpy.gp.Times_sa(slope_east, Grad2Rad, slope_e_rad)
# Process: Tan

arcpy.gp.Tan_sa(slope_e_rad, tan_east)

# Process: Times (6)

arcpy.gp.Times_sa(tan_east, cos_beta, delta_east)

# Process: ATan

arcpy.gp.ATan_sa(delta_east, atan_east)

# Process: Times (9)

arcpy.gp.Times_sa(atan_east, Rad2Grad, delta_e_grad)
# Process: Create Constant Raster (2)
arcpy.gp.CreateConstantRaster_sa(rlnc_Ang,Incident_Angle_DSC, "FLOAT", Cell_Size, DTM)
# Process: Minus (3)

arcpy.gp.Minus_sa(r90, rinc_Ang, r90_IA)

# Process: Plus (3)

arcpy.gp.Plus_sa(delta_e_grad, r90_IA, ro_east)

# Process: Times (11)

arcpy.gp.Times_sa(ro_east, Grad2Rad, ro_east_rad)

# Process: Cos (2)

arcpy.gp.Cos_sa(ro_east_rad, x_v_tow)

# Process: Extraction of the West facing data
arcpy.gp.ExtractByAttributes_sa(asp_int, “VALUE>170 AND VALUE <=350", asp_west)
# Process: West facing Slopes
arcpy.gp.ExtractByMask_sa(slo, asp_west, slope_west)
# Process: Times (5)

arcpy.gp.Times_sa(slope_west, Grad2Rad, slope_w_rad)
# Process: Tan (2)

(Continued)
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(Continued).

arcpy.gp.Tan_sa(slope_w_rad, tan_west)

# Process: Times (7)

arcpy.gp.Times_sa(tan_west, cos_beta, delta_west)

# Process: ATan (2)

arcpy.gp.ATan_sa(delta_west, atan_west)

# Process: Times (10)

arcpy.gp.Times_sa(atan_west, Rad2Grad, delta_w_grad)

# Process: Minus (2)

arcpy.gp.Minus_sa(r90_IA, delta_w_grad, ro_west)

# Process: Times (12)

arcpy.gp.Times_sa(ro_west, Grad2Rad, ro_west_rad)

# Process: Cos (3)

arcpy.gp.Cos_sa(ro_west_rad, x_v_aver)

# Process: Mosaic To New Raster

arcpy.MosaicToNewRaster_management("C:\\VIS\\WORK\\x_v_tow;C:\\VIS\WORK\\x_v_aver”,
Composed_Empty_Raster, “x_v_desc”, "”,"32_BIT_FLOAT", ", "1", "LAST","FIRST")

# Process: Times (13)

arcpy.gp.Times_sa(abs_xh_desc, x_v_desc, x_tot_desc)

# Process: Raster to ASCII

arcpy.RasterToASCII_conversion(x_tot_desc, Output)
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