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Abstract: The European Ground Motion Service (EGMS) and geospatial data are integrated
in this paper to evaluate ground deformation and its effects on critical infrastructures in
the Preveza Regional Unit. The EGMS, a new service of the Copernicus Land Monitoring
Service, employs information from the C-band Synthetic Aperture Radar (SAR)-equipped
Sentinel-1A and Sentinel-1B satellites. This allows for the millimeter-scale measurement of
ground motion, which is essential for assessing anthropogenic and natural hazards. The
study examines ground displacement from 2018 to 2022 using multi-temporal Synthetic
Aperture Radar Interferometry (MTInSAR). The Regional Unit of Preveza was selected
for study area. According to the investigation, the area’s East–West Mean Velocity Dis-
placement varies between 22.5 mm/y and −37.7 mm/y, while the Vertical Mean Velocity
Displacement ranges from 16 mm/y to −39.3 mm/y. Persistent Scatterers (PSs) and
Distributed Scatterers are the sources of these measurements. This research focuses on
assessing the impact of ground deformation on 21 school units, 2 health centers, 1 hospital,
4 bridges and 1 dam. The findings provide valuable insights for local authorities and other
stakeholders, who will greatly benefit from the information gathered from this study, which
will lay the groundwork for wise decision-making and the creation of practical plans to
strengthen the resistance of critical infrastructures to ground motion.

Keywords: critical infrastructures; Copernicus; EGMS; MTInSAR; Preveza

1. Introduction
Critical infrastructures describes a variety of physical resources, operations, and

systems that are essential to maintaining the prosperity, security, and well-being of the
European Union (EU) [1].

Natural disasters (such as earthquakes, floods, etc.) alongside long-term hazards re-
lated to physical deterioration have an impact on the Earth’s surface and infrastructures [2].
Effective monitoring of ground motion is an essential part of catastrophe risk assessment
and management. The integration of this type of data into operational processes in both the
public and private sector going forward will inevitably result in better risk management
and protection of the assets at the local, regional, and even pan-European levels. This
improved monitoring may help to mitigate loss of life [3].
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In 2017, in response to these needs, the Copernicus Land Monitoring Service autho-
rized the launch of the European Ground Motion Service (EGMS) [4]. The EGMS provides
a unique and comprehensive geographic dataset across Europe, specifically designed to
measure ground motion at the millimeter scale, resulting from events like landslides, sub-
sidence, tectonic effects, earthquakes, or volcanic phenomena. The measurements have
an impact on the stability of buildings, infrastructure, slopes, and mining areas [5]. With
millimeter accuracy, The EGMS offers continuous, dependable data on anthropogenic and
natural ground motion over the participating nations in Copernicus and across national
borders [6].

This research makes use of the EGMS to monitor and analyze ground motion with
unprecedented accuracy. The EGMS utilizes Level-1 Single Look Complex (SLC) data
products from the twin Sentinel-1A and Sentinel-1B satellites, which carry C-band Synthetic
Aperture Radar (SAR) operating at a wavelength of approximately 5.5 cm (5.405 GHz) [7].

The primary land acquisition mode is the Interferometric Wide (IW) swath, which al-
lows for either single-polarization (HH or VV) or dual-polarization (VV + VH or HH + HV)
data, depending on the location [8]. Single-polarization SAR systems transmit and receive
radar signals with the same polarization, either vertical (VV) or horizontal (HH). A SAR
system with dual polarization can use one polarization (H or V) for transmission and two
polarizations (HH and HV or VV and VH) for reception [9]. Repeat-pass space-borne
SAR interferometry, particularly Interferometric Synthetic Aperture Radar (InSAR), has
become a widely adopted technique for cost-effective and large-scale monitoring of surface
deformation [10].

The application of InSAR has become increasingly popular for monitoring surface
deformation due to its numerous advantages. Its versatility allows for effective use in
a wide range of natural risk contexts such as landslides monitoring [11], deformation in
volcanic regions [12–14], pre- and post-earthquake monitoring [15], co-seismic ground
ruptures [16], geothermal fields [17], subsidence [18], and many more [19,20]. These
capabilities make InSAR an invaluable tool for providing detailed, spatially comprehensive
insights into natural hazards. With accuracy similar to classic geodetic methods, the InSAR
approach offers continuous spatial information over wide areas (about 100 × 100 km for
ERS and Envisat ESA’s satellites) [21].

The EGMS applies Multi-Temporal Satellite Interferometry (MTInSAR) techniques.
MTInSAR uses an extensive stack of radar images to generate time series at precise mea-
surement points. These points can include both Distributed Scatterers (DSs) and Persistent
Scatterers (PSs) [22]. When applicable, DSs will be detected and used as measurement
points (MPs) to expand the spatial coverage of the data in non-urban areas, based on the
density of PSs and their average phase coherence [23]. The PSs are typically found above
exposed rocks, over buildings, antennas, poles, and other objects, as well as in urban
and industrial regions [24]. The DSs can be found, for example, in desert areas, strewn
peaks, uncultivated fields, places covered with rubble, etc. The use of advanced algorithms
developed by a consortium of four InSAR Processing Entities (IPEs)—including Persistent
Scatterer Pair (IPP), SqueeSAR, Ground Stable Target Interferometry (GSAR-GTSI), and
the Integrated Wide Area Processor (IWAP)—further enhances the spatial and temporal
resolution of ground motion monitoring [25].

The present research focuses on ground deformation in the Regional Unit of Preveza
(Greece), analyzing vertical and east–west displacement utilizing measurement points
derived from the EGMS from 2018 to 2022. The primary objective is to assess the correlation
between ground motion and critical infrastructures in the Regional Unit of Preveza, inte-
grating EGMS data with geospatial information on critical infrastructures. The secondary
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objective is to identify vulnerabilities in critical infrastructures that are related to ground
motion assisting in the creation of efficient risk-reduction plans.

2. Materials and Methods
2.1. Case Study

The Regional Unit of Preveza, located in the region of Epirus in Northwestern Greece,
was selected as the study area (Figure 1a). According to the data from the 2021 population
census, Preveza has a total population of 54,681 residents. This information is derived from
the official census, which aims to accurately record the population and collect demographic
data, contributing to the study and analysis of demographic trends in the region. The
population density of the Regional Unit is 52.75/km2 and the capital city of Preveza has
19,308 inhabitants [26].
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Figure 1. (a) Map of Greece with the Regional Unit of Preveza highlighted by a red square.
(b) Elevation map of Preveza, where colors range from green (low elevations) to brown and white
(higher elevations).

It covers a total area of 1037 square kilometers and is bordered to the northwest
by the Regional Units of Ioannina and Thesprotia, to the east by the Regional Unit of
Arta and the Amvrakikos Gulf, and to the west by the Ionian Sea. The elevation in
Preveza ranges from sea level to a maximum of 1641 m (Figure 1b), with the coastal areas
exhibiting lower altitudes and the northern and northeastern regions characterized by
higher elevations. In Northwestern Greece, where Preveza is located, there is a transitional
zone between the Inner Aegean extensional region and the outer compressional zone,
and it exhibits a complex tectonic pattern [27]. Numerous notable faults are located in
this region. The primary faults in Northwest Greece from north to south are as follows:
Konitsa oblique-slip fault, Hani Dhelvinaki reverse strike-slip fault, Mitsikeli oblique-
slip fault, Nerochori–Vrosina strike-slip fault, Petousi–Souli strike-slip fault, Variadhes
strike-slip fault, Pesta oblique-slip fault, Kokkinopilos–Arta strike-slip fault, Zaloggo–Ziros
oblique-slip fault, Kamarina–Arta oblique-slip fault [28,29]. A succession of moderate-sized
earthquakes with a primary event of Mw 5.7 (Figure 2) struck the western Greek region
of Epirus on 21 March 2020 (00:49:51.8 UTC), close to the village of Kanallaki [30]. In the
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previous century, destructive earthquakes with magnitudes M < 6.0 have rarely occurred
in the Kanallaki region of Preveza. However, in the 19th century there was a significant
earthquake [31]. Near the village of Dragani, 15 km north of Kanallaki, an earthquake
occurred on 14 May 1895, at 39.42◦N, 20.61◦E, h = n, M = 6.3. Seventy-five people were
killed and 96 houses collapsed [30] in the settlement of Dragoumi (currently Zervohori),
which was devastated [32].
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The most recent national seismic hazard map has three seismic hazard zones identified
by the New Seismic Code: I = 0.16 g, II = 0.24 g, and III = 0.36 g [35], which is being utilized
for infrastructure and building seismic design, and was first released in 2000, updated in
2003, and has not been updated since [36]. The seismic risk for the entire region of Epirus
is 0.24 g [37] which indicates a serious hazard to the population. The region of Epirus
is characterized by active tectonics and significant seismic activity (Figure 2), making it
a dynamic and complex area for geological studies. Since 2015, many earthquakes of
magnitude Mw > 4 have occurred.
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The area of Preveza presents a unique opportunity to monitor ground deformation
and assess its potential impacts on infrastructure and natural resources. Furthermore, the
variation in elevation across the prefecture allows for the analysis of ground motion across
different geomorphological settings. The selection of Preveza for this study is driven by its
seismic hazards and the presence of several critical infrastructures, which are potentially
vulnerable to geodynamic processes such as tectonic movements, ground subsidence, and
slope instability.

2.2. European Ground Motion and Products

The EGMS is an advanced remote sensing product developed as part of the European
Union’s Copernicus Earth observation program. The EGMS provides annual updates
and is designed for a wide range of applications, including the monitoring of critical
infrastructures such as dams, bridges, railways, and buildings by municipal, regional, and
national administrations. The service offers three product levels each tailored for specific
monitoring requirements [5].

2.2.1. Baseline Products (L2a)

These products provide information on ground displacement derived from SAR in
both ascending and descending orbits. At each measurement point, both detailed quality
and position data are provided. The L2a products are referenced to a local reference point
and are generated by independent processing of a single SAR data stack. These products
are best suited for monitoring local movements [38].

2.2.2. Calibrated Products (L2b)

The L2b products offer more advanced data, calibrated using reference points from
GNSS stations. [39] These products provide deformation measurements of the line of sight
(LOS) of the satellite and incorporate information from both Differential Interferometry
and GNSS stations. Due to the uneven distribution of GNSS stations across Europe, a
50 km grid velocity model is used to ensure consistent calibration across the dataset. This
model helps to adjust the satellite-derived LOS velocities, improving the accuracy of the
deformation measurements [40].

2.2.3. Ortho Products (Level 3)

The Level 3 products represent further enhancement, aimed at overcoming the limita-
tions of the distortion in the LOS of the satellite, which is an obstacle to the interpretation
of the results and their applications. By combining calibrated L2b products, the Ortho
products offer separate measurements of vertical and horizontal (east–west) ground motion.
Additionally, the Ortho products provide higher spatial resolution compared to the product
levels, making them particularly valuable for detailed geospatial analysis [4].

2.3. Data and Software

The study utilized three primary InSAR products—basic product, calibrated product,
and Ortho product—available from the EGMS for data visualization, analysis, and down-
load [41]. The Level 3 Ortho products, which combine ascending and descending Level 2
LOS displacements to generate vertical (up–down) and horizontal (east–west) components
of displacement [42], were analyzed over a five-year period from 2018 to 2022. The time
series and velocities of absolute ground surface motions in both vertical and horizontal
directions are the end products [43]. For the analysis, two datasets of Level 3 Ortho prod-
ucts were utilized, each with a sampling pace of six days for the period between January
2018 and December 2022. The datasets used include the files for east–west displacement
and vertical displacement [40]. These datasets contain a CSV, an XML header file, and a
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tiff file. The CSV files include attributes in the header, with each record representing a
measurement point [43]. Every dataset utilized in this study contains 301 acquisition dates
for both the vertical deformation product and the east–west deformation product for the
timeframe 2018–2022. The spatial resolution of the InSAR data used in this study ranges
between 5 and 20 m, depending on the scatterer density in the analyzed area. For urban
areas (around 5 m resolution), the measurement point density is thousands per square
kilometer, whereas for non-urban areas, it can reach hundreds per square kilometer [3]. The
locations of the critical infrastructures (schools, hospitals, health centers, bridges, dams)
were verified using Google Earth and verified sources [44]. The elevation data were derived
from NASA’s Shuttle Radar Topography Mission (SRTM) Global 1 Arc Second dataset,
providing a homogenous 30 m resolution for the area [45]. For data visualization and
mapping, ArcGIS Pro Software v. 3.3.2 [46] was employed. This desktop GIS software
offers advanced tools for spatial data management, analysis, and cartographic visualization,
enabling the creation of detailed maps of measurement points and infrastructure in the
study area.

2.4. Process

The workflow can be seen in Figure 3. The dataset used for this study was selected
based on the area of interest (AOI) corresponding to the Regional Unit of Preveza, covering
the timeframe 2018–2022. The measurement points from the EGMS Ortho product (vertical
and east–west displacement) were processed; the CSV file was processed and visualized
after extracting the relevant data from EGMS CSV files. The mean velocity values of
the ground surface movements were derived from these data and represented spatially
(Figures 4 and 5) [43].
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For each critical infrastructure within the study area, the nearest measurement point
was identified to generate time series data for both vertical and east–west displacements
(Tables A1–A4 in Appendix A). This allowed for a detailed trend analysis of ground motion
across the study period (2018–2022), enabling an assessment of the impact of ground
deformation on key infrastructures.

3. Results
Positive values in the vertical deformation velocity component indicate uplift or up-

ward ground motion, while negative values reflect subsidence or downward displacement.
Similarly, for the east–west deformation velocity component, positive values correspond
to eastward displacement, whereas negative values signify westward movement. This
distinction is crucial for interpreting the spatial patterns of ground motion and assessing
the potential impact on critical infrastructures across the study area.

To better understand the final displacement of the area during the period 2018–2022,
cumulative vertical (Figure 6) and east–west (Figure 7) displacement maps were gen-
erated, offering a detailed spatial representation of the motion patterns (Tables A5–A8
in Appendix B). These maps are presented alongside the geological map of the region
(Figure 8) to provide a better contextualization of the results.

3.1. Kanallaki

For each critical infrastructure in this research, two time series were generated to
represent the displacement of the nearest measurement point (MP): the time series that
depicts the MP’s vertical displacement over the period 2018–2022 and the time series
that depicts the east–west displacement of the MP. Each of these time series provides
a comprehensive representation of the ground motion in both directions for each MP,
giving important information on the surface changes in close proximity of the critical
infrastructure throughout the time period under research in the area of Kanallaki, five
critical infrastructures, one health center, and four school units were studies (Figure 9). The
time series of vertical displacement for the MP nearest to the health center shows values
close to 0 mm until the middle of 2018. After that point, a small downward trend appeared
with a minimum value of −5.7 mm in September 2018. Then, a period of recovery follows,
during which values increase, subsidence reduces, and values are around 0 mm. After
October 2019, a slight upward trend appeared in March 2020, where the displacement
showed a significant and steep increase and values increased from 7.3 mm to 17.7 mm.
After that time point, the values still increased at a slower pace, with the uplift trend
reaching a maximum value of 26.8 mm in January 2022. Until the end of the 2022 dataset,
the values decreased slightly at 14.1 mm, maintaining the uplift (Figure 10).

The time series for the east–west displacement of the health center is revealed in the
time series of the vertical displacement values around 0 at first. After September 2018,
a steady decrease began to appear in the values, showing westward movement and a
steep change appeared in the vertical displacement specifically from −13 mm to −7 mm;
following this, the downward shift returned with a steady pace, with small fluctuations,
continuing westward movement until the value reached −18.7 by the end of the dataset.
The event temporarily slowed the westward movement without stopping it. The health
center has a cumulative vertical displacement of 14.1 mm and east–west displacement of
−18.7 m.
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The vertical displacement time series for the MP near School 1 from the beginning of
the dataset until September 2019 shows values from 0.4 mm to −4.7 mm. After this point,
an uplift trend appears, increasing fast and reaching a critical transition, as in the previous
time series, where the values suddenly increase in March 2020 from 6.8 mm to 17.5 mm.
The uplift continues until the end of the dataset to reach the highest value of 26.2 mm in
March 2022. By the end of the dataset, the values decrease slightly, settling at 16.1 mm. The
westward motion of the MP for School 1 is marked on its time series, with consistently
negative values from the start of the dataset. The point is moving fast towards the west
until that time of point where the pace is slowed down and values change steeply from
−14.7 mm to −3.1 mm in March 2020. The severe change in values is at the exact point
of time as the vertical displacement. Although, in the vertical displacement, the course
was not altered but maintained its course, in the east–west displacement, the course was
altered instantly in order to return back to its previous path. School 1 has a cumulative
vertical displacement of 16.1 mm and a cumulative east–west displacement of −13.5 mm
(Figures 6 and 7).

Values from the vertical displacement times series of the MP for School 2 (Figure 11)
have a similar range and pattern as the previous time series, which can be explained by
the fact that the MP is located in the same area. The values range from 42 mm to −5.1 mm;
subsidence is observed from the beginning of the dataset until February 2019, with values
ranging from −0.2 mm to −5.1 mm. After that, values begin to increase, revealing an uplift
with a few points in time having negative values. Notably, after August 2019, values are
only positive with a steady increasing pace until it reaches the critical point of time in
March 2020 where there is a significant increase in values from 7.9 mm to 30.4 mm. The
uplift continues after that point to reach 42 mm in March 2022, maintaining similar values
until the end of the dataset. A value of 33.6 mm is observed at the end of the period. The
time series of the east–west displacement indicates a steady westward movement that
reaches −14.7 mm in March 2020, and, in the next point, the values show a momentary
sharp increase from −14.7 mm to −4.9 mm that caused the westward movement to slow
down instantly. School 2 in Kanallaki reveals a cumulative vertical displacement of 33.6 mm,



Remote Sens. 2025, 17, 327 12 of 33

a significant uplift combined with the cumulative east-west displacement of −15.1 mm
(Figures 6 and 7).
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The vertical displacement time series for the MP close to School 3 (Figure 11) presents
a significant spike in values at a unique point in time. The values during the entire
dataset range from 40.2 mm to −6.4 mm, representing one of the largest ranges of values
observed in the time series that have been studied. From the beginning of the dataset
until November 2019, there is a minor subsidence, with values ranging from −3.5 mm
to −6.4 mm. After that point, an uplift appears, reaching 6.7 mm in March 2020. The
next data point reveals a sudden increase in the values, indicating a critical event affecting
displacement, with values from 6.7 mm to 26.7 mm (March 2020). After that critical point,
the movement maintains an upward trend with a rather fast pace, reaching a maximum
value of 40.2 mm in January 2022. Following this, a slight recovery begins, ending the
dataset at 30.5 mm.

While the vertical displacement showed a sudden uplift, the east–west displacement
also reveals a sudden change at the same time. At the initial time of the dataset values
are relatively stable close to 0 mm until November 2018, ranging from 1.1 mm to −3 mm.
Then, a downward shift is observed reaching the lowest value of −14.9 mm in March 2020.
The next two points register similar values of −14.8 mm and −14.3 mm. At the same
point in time, in the vertical displacement time series, values suddenly exhibited a sudden
increase from −14.3 mm to −6.1 mm; this change slowed down the westward movement.
During the remaining period, values return to their initial trend, revealing that the event
only had a temporary effect. School 3 in Kanallaki has a similar pattern with a vertical
cumulative displacement of 30.5 mm and cumulative east–west displacement of −13,7 mm
(Figures 6 and 7).

The next vertical displacement time series shows the motion of the MP for School 4
(Figure 12). At the beginning of the period, subsidence is observed, with a trend of recovery.
After September 2019, the values are consistently positive, indicating that an uplift has
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begun to emerge. In this time series, a sudden spike is also observed in March 2020, with
values rising sharply from 5.2 mm to 21.9 mm. This change is larger than the one observed
for School 3. The uplift continues until the end of the dataset, ending with a value of 33 mm.
The east–west displacement time series has a downward trend during the entire dataset,
with values ranging from 0.2 mm to −23.1 mm. In March 2020, a similar steep change is
observed, with values increasing from −16.7 mm to −8.9 mm. This change temporarily
slows the westward movement before it resumes, reaching the lowest value of −23.1 mm
in May 2022. School 4 presents a cumulative vertical value of 33 mm, with the cumulative
east–west value of −17.9 mm (Figures 6 and 7).
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3.2. Preveza

The time series for the MP close to the hospital of Preveza (Figure 13) shows variations
in the vertical displacement mainly between −3.1 mm and 3.4 mm (Figure 14). The values
are stabilized around 0 mm until the middle of 2019 but with slight fluctuations. Signs
of a slight uplift are observed, not exceeding 3.4 mm, followed by a minor downward
trend, especially toward the end of the period. The dataset ends with a value of −2.1 mm.
In the east–west direction, the values are stable around 0 until 2019, after which a stable
downward trend appears, reaching −10.9 mm by October 2021. From that point, until the
end of the period, a slight recovery is observed, but the values remain negative, showing
continued westward movement.

The time series for the MP close to the health center of Preveza indicates that the
vertical displacement is stable, with values close to 0 mm, reaching a maximum of 3.4 mm
in the year 2020 and a minimum of −2 mm in July 2022. The east–west displacement
of the referenced infrastructure shows stable values around 0 mm until the beginning
of 2019. After that, a clear downward trend is observed, reaching −10.7 mm at the end
of October 2021, indicating a continued westward movement. At the end of the period,
remain negative around −6 mm, with the dataset concluding at −5.5 mm.

The vertical displacement time series for the MP referenced for School 1 has a sta-
ble positive trend with values close to 0 mm (Figure 15) for most of the dataset period
(2018–2022), with the highest value reaching 4.7 mm in September 2020. At the end of
the time period, values appear slightly negative, reaching −1 mm in December 2022. The
east–west displacement has a small positive displacement at the beginning, with values
near 0 mm, revealing eastward motion. Slight fluctuations around 0 mm are observed
initially, which suggests rather steady conditions. From 2019 until the end of the period
(2022), the displacement follows negative values, indicating westward movement, with a
minimum of −11.9 mm in August 2022.
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The vertical displacement time series of the MP near School 2 appears to be a stable
point with positive values that generally do not exceed 3.2 mm, indicating a slight uplift.
Starting in 2021, some negative values appear, showing a minor trend towards subsidence,
with values from 3.2 mm to −2.5 mm. In the east–west displacement time series, at the
beginning of the dataset (2018), positive values prevail, indicating slow eastward movement.
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After September 2019, only negative values appear, indicating westward movement. The
entire dataset shows values from 2.8 mm to −11.3 mm. The dataset ends with a value of
−6.4 mm.

The vertical displacement time series for the next MP, related to School 3, begins with
very low values near 0 mm and continues with some fluctuations until the middle of 2022.
There is a slight uplift until March 2022. After that point, a minimal decrease is observed,
with the dataset ending at −1.9 mm. In the east–west displacement time series, values are
initially mostly positive around 0 mm, with a maximum value of 3.2 mm in August 2018.
Values range from 3.2 mm to −11 mm. From 2019, there is a downward trend where the
displacement shows a rapid decrease, reaching a minimum of −11 mm at the end of 2021.
After this period, values increase slightly but remain negative, indicating a westward shift
in ground movement.

In School 4, the vertical displacement has values near 0 mm, suggesting no significant
vertical movement in the MP. Minor fluctuations are observed, with the highest peak
reaching 3.9 mm in April 2021 and the lowest value reaching −2.8 mm at the end of
the dataset. Regarding the east–west displacement time series, fluctuations are more
pronounced, with small peaks and a negative trend from the year 2019. Towards the end
of the timeline, values reach −12.1 mm in August 2022. After approaching the minimum
value, the data indicates a minor recovery towards zero, suggesting a slowing of the
westward movement.

The vertical displacement for the MP for School 5 (Figure 16), like the previous one,
is stable. For most of the dataset period, values remain positive, with the highest value
of 2.8 mm in October 2019. Towards the end of the timeline, particularly in late 2022, the
lowest value reaches −2.8 mm. The east–west displacement indicates a more significant
movement with a faster pace. At the beginning of the dataset, the movement is eastward,
with generally positive values in 2018 and a peak of 1.7 mm in June 2018. After that point,
a downward movement is observed, reaching a minimum of −11.6 mm in May 2022. The
MP shows a stable westward movement until the end of the period.
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Vertical displacement time series for MP near School 6 indicates numerous small
fluctuations throughout most of the dataset. At the beginning of February 2021, the highest
value is 4.8 mm, with fluctuations remaining after that point. Towards the end of the
timeline, slight subsidence is observed, not exceeding −1.5 mm. In assessing the east–west
displacement, it is observed that from the beginning of the dataset until 2019, the point
remains stable around zero, with generally positive values not exceeding 3.4 mm, reaching
a peak in May 2019, indicating a movement towards the east. After 2019, values are only
negative, reaching a minimum of −10.4 mm in October 2021 and at the beginning of
February 2022. The MP is moving towards the west with values around −5 mm. The end
of the dataset concludes with a value of −5.7 mm.

In the time series for the MP that concerns School 7, there is a significant variation
throughout the dataset, with alternating periods of uplift and subsidence occurring at a
fast pace. In the first year, values range around 0, with the highest value reaching 4.8 mm
at the end of October 2018. After that point, a sharp downward trend follows, with values
approaching −4 mm at the beginning of 2019. Fluctuations continue until mid-2020, when
a sudden peak in subsidence is observed, reaching −7.3 mm in June 2020. Subsequent
upward and downward displacements take place, with the highest value of 5.4 mm in
August 2021. The end of the time period indicates subsidence, reaching −5.9 mm. In the
east–west time series, excluding the first quarter where some high values appear, including
a peak of 3.5 mm, a table downward trend is observed. In the middle of June 2020, there
is a sharp change, coinciding with the vertical displacement series, reaching −15.6 mm
and causing a rapid westward shift. After that point, the movement towards the west
continues stably with minor fluctuations, reaching a minimum of −16 mm in August 2021.
By December 2022, values reach −9.7 mm, indicating continued westward movement.

The time series of the MP for School 8 (Figure 17) shows variations, but sharp peaks
are not detected. There is a minor instability during the entire dataset that is revealed with
small troughs that indicate uplifts and subsidence. The first half of 2018 is stable, with
values around 0. Values range from 3 mm to −5.4 mm, ending the dataset at −3.7 mm.

In the east–west displacement time series, values are generally positive until the end
of 2019, revealing a movement towards the east, with a range from 3.7 mm to −14 mm.
At the end of 2019, a steady downward trend appears, indicating westward movement,
culminating at −14 mm. After that, a small ascend occurs, not exceeding −6.9 mm at the
end of the period.

From the beginning, the MP for School 9 shows only positive values and generally
presents a stable uplift that does not exceed 5.7 mm (end of 2020). Values range from
5.7 mm to −0.3 mm during the dataset, ending with a value of 3.1 mm. The east–west
time series is stable until the middle of 2019, after which a steady downward trend ap-
pears, demonstrating westward movement. The minimum value of −12.1 mm occurs in
August 2018. After that, a small increase is observed, reaching −9.1 mm at the end of 2022,
though the westward movement persists.

The time series of the MP near School 10 (Figure 18) reveals a general slight uplift dur-
ing the dataset, with a few points indicating a slight subsidence. At the start, displacement
values are stable around zero; after the end of 2018, there is a slight increase in values with
minor fluctuations. In October 2021, the displacement reaches its highest value of 6.5 mm,
and its lowest value of −0.5 mm on September 2022. The end of the period (December 2022)
reveals an uplift with a value of 2 mm. The east–west displacement exhibits the opposite
trend to the vertical displacement. Initially, values are stable at around 0; however, after
August 2019, a steady downward trend appears, indicating the westward movement of the
MP, with a minimum value of −11.4 mm observed in September 2022.
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The vertical displacement time series for MP near School 11 (Figure 19) shows a steady
uplift from near the beginning of the dataset, with minimal fluctuations. The highest value
of 5.6 mm is observed in August 2020. A few points indicate minor subsidence, with the
lowest value of −1.2 mm being recorded in February 2018. The end of the dataset reveals a
slight displacement of −0.6 mm. The east–west displacement presents a different trend.
Until 2019, values vary around 0 with minimal variation. After October 2019, where the
value is 0, a downward trend begins at a fast pace, reaching a minimum value of −12.1 mm
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in February 2022 (2nd month). The westward movement continues at a steady rate until
the end of the period, concluding at −10.2 mm.
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The vertical displacement time series for School 12 (Figure 19) shows many low values
during the dataset range around 0, from 1.4 mm to −4.3 mm. Only after June 2022, there is
a small downward trend, with the lowest value of −4.3 mm in August 2022. The dataset
concludes with a value of −4.1 mm. The east–west displacement time series reveals a clear
downward trend, reaching −11.2 mm in October 2021. By the end of the period, the value
of −5.3 mm indicates a slowing motion towards the west.

The vertical displacement time series of the MP for School 13 shows values around
zero throughout the dataset, with slight fluctuations within a range of 1.5 mm to −3.1 mm.
A minor subsidence is observed, with the lowest value of −3.1 mm observed in March 2020.
The east–west displacement time series reveals a faster movement with frequent minor
fluctuations. Almost from the beginning of the dataset, values are consistently negative
showing a downward trend at a fast pace. The lowest value of −17.6 mm is observed in
April 2022, highlighting the westward movement.

The vertical displacement time series for the MP near School 14 reveals a stable MP
with minor fluctuations, with values remaining close to 0. The highest value is 3.3 mm,
observed in June 2021, and the lowest is −2.7 mm at the end of the dataset. Most points
indicate a slight uplift. The east–west displacement shows positive values at the beginning,
indicating slight movement towards the east until August 2018. Until September 2019,
values fluctuate around 0. After that point, the movement becomes clearly westward,
reaching a minimum value of −11.1 mm in January 2022.

The time series that describes the motion of the MP for School 15 starts with values
around 0. From May 2018, with a value of 1.2 mm, a slight uplift begins, following a stable
course with mostly positive values. Throughout the dataset, values vary from 4.6 mm to
−1.5 mm, concluding with a value of −0.6 mm. The east–west displacement time series
shows an opposite trend to the vertical displacement. Although values are initially around
0, indicating slight eastward movement, a gradual westward movement appears after July
2019 (7th month). Values range from 3.1 mm to 12 mm throughout the dataset.
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For School 16, the times series reveals values close to 0 at the beginning of the dataset
until December 2018, where values show a slight upward trend, indicating a minor uplift
until July 2020 (7th month). The lowest value of −3.5 mm is observed in August 2022, and
the highest value of 4.2 mm occurs in both January 2020 and 2021. The dataset concludes
with a displacement of −1 mm. The east–west displacement remains stable near zero at
the beginning of the dataset. After May 2019, a downward trend with minor fluctuations
appears, reaching a minimum of −11 mm in August 2018. The motion of the MP is
westward, with a small recovery reaching −4.1 mm by the end of 2022.

For School 17, the time series (Figure 20) of vertical displacement shows values ranging
from 3.5 mm to −2.6 mm throughout the dataset. Generally, the values are positive,
indicating a minor uplift, except for a few points showing subsidence. From July 2022 until
the end of the dataset, values remain negative, with the dataset ending at −1.4 mm. The
east–west displacement time series shows that until the end of 2019, values have a range
of 2.7 mm to −9.9 mm, with minor fluctuations and an overall downward trend. From
the start of 2020, a steady downward trend appears, reaching a minimum of −9.9 mm in
September 2021. After that point, values show a slight upward movement, not exceeding
−4 mm, while remaining negative, indicating continued westward displacement.

3.3. Bridges of Ionia Odos

A total of four bridges along Ionia Odos were analyzed (Figure 21). All of them indicate
a minor subsidence and fast westward movement. The vertical displacement time series for
the MP of Bridge 1 shows values ranging from 0.9 mm to −12 mm (Figure 22), with values
mostly negative during the study period. The east–west displacement reveals a westward
movement. Initially, values fluctuate around 0; after 2019, a continuous downward trend
appears, with values decreasing further.

The next time series depicts the displacement MP of Bridge 2. The vertical displace-
ment values range from 5.4 mm to −20.6 mm, showing a gradual decline. The range in
this dataset is bigger than that of the previous bridge. The lowest value of −20.6 mm is
observed in November 2022, with the dataset concluding at −18.8 mm. The east–west
displacement time series for Bridge 2 shows a range of values from 6 mm to −39.5 mm.
Initially, values are around 0. There are troughs that consistently deepen over the time
frame, indicating westward movement and reaching the lowest value of −39.5 mm in
November 2022. Bridge 2, on the cumulative vertical, has a value of −18.8 mm and, in the
east-west displacement cumulative, has a value of −38.8 mm (Figures 6 and 7).

The MP for Bridge 3 follows a similar trend to Bridge 1. Vertical displacement values
range from 1.8 mm to −7.8 mm, indicating a slight subsidence. The east–west displacement
shows a more pronounced downward trend, reflecting westward movement, with values
ranging from 1.3 mm to −30.5 mm. Bridge 3, on the cumulative vertical, has a value of
−7.5 mm and, in the east–west cumulative, has a value of −29.6 mm (Figures 6 and 7).

The MP for Bridge 4, the last one studied, shows vertical displacement values rang-
ing from 6 mm to −8.5 mm. A minor subsidence is generally observed, with occasional
instances of an uplift. The dataset ends with a value of −8.3 mm. The east–west displace-
ment also indicates westward movement. In the beginning, there is a minor movement
toward the east. After the end of 2018, there is a downward shift, with the lowest value of
−28.2 mm in August 2022. Bridge 4, on the cumulative vertical, has a value of −8.3 mm
and, in the east–west cumulative, has a value of −24.2 mm (Figures 6 and 7).
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Across all four bridges studied, a minor subsidence is generally observed in the mean
velocity, although the cumulative values reveal more significant movement. Most bridges
show a gradual downward trend, though none exhibit severe subsidence. Bridges 1, 3, and
4 show a smaller range of subsidence values, while Bridge 2 shows the greatest range. The
east–west displacement is more significant than the vertical displacement across all bridges.
Most bridges start with values around zero, but Bridge 2 shows the biggest range of values
in this direction as well.

3.4. Dam

The last infrastructure monitored is the dam of the Louros river. The vertical displace-
ment time series of the MP reveals an unstable trend (Figure 23). Values fluctuate rapidly,
with sharp changes at multiple points, ranging from 4.5 mm to −11.2 mm throughout
the dataset. Overall, the data indicates subsidence, with the lowest value of −11.2 mm
recorded at the end of the dataset. The east–west displacement shows a steady downward
trend, revealing westward movement. At the beginning of the dataset, until the 6th month
of 2018, values fluctuate around 0. After that point, values remain negative. In the dataset,
values range from 2.4 mm to −39.6 mm.

The MP for the dam we are monitoring shows a cumulative vertical displacement
of −11.2 mm, which is indicative of subsidence. The cumulative displacement for the
east–west direction at the dam is −25.7 mm, indicating considerable horizontal movement
towards the west. (Figures 6 and 7)

Additionally, a buffer zone was created around the critical infrastructures
(Figures 24 and 25) to identify the monitoring points located near the area of interest. Every
buffer zone includes at least four MPs. This approach ensures a focused analysis of the spa-
tial distribution in the immediate vicinity of the infrastructures analyzed. The time-series
analysis for the selected MPs within the buffer zone represents all the patterns in the MPs
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across the buffered area without diversities. This indicates that a single representative MP
is sufficient to depict the deformation trends for the zone, as the data are spatially uniform
within this region.
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Figure 25. Spatial distribution of detected monitoring points (MPs) near the critical infrastructures in
the study area. From north to south: Panel (a) depicts Bridges 1 and 2, Panel (b) depicts Bridge 3,
Panel (c) depicts Bridge 4, and Panel (d) depicts the dam. The blue-shaded buffer zones represent
areas surrounding the infrastructures, each containing at least four MPs.

4. Discussion
By integrating geospatial data concerning critical infrastructures with data from the

EGMS, this study effectively assessed ground vulnerability in the Regional Unit of Preveza.
The analysis provides a comprehensive understanding of the spatial distribution and
magnitude of ground motion in the area, highlighting key areas of concern. In most parts
of Preveza, the vertical displacement reveals values between 0 mm/y and −4.9 mm/y,
indicating a general trend of slight subsidence. Coastal areas reveal values ranging from
−4.9 mm/y to 5 mm/y. Notably, the area near Kanallaki reveals an upward trend in
the vertical displacement, with values ranging from 0.1 mm/y to 16 mm/y, represented
by blue, dark blue, and green dots. This trend in Kanallaki deviates significantly from
the general pattern observed in the rest of the Regional Unit (Figure 3). This anomaly in
Kanallaki coincides with geological formations primarily composed of Plio-Quaternary
deposits, as illustrated in the geological map (Figure 8), which are more susceptible to
ground deformation and subsidence.

A distinct pattern emerges in the displacement time series of the health center and the
four schools in the settlement of Kanallaki. The data reveal an initial subsidence phase,
followed by a period of recovery and finally a notable sudden uplift. According to the data,
in March 2020, values in these locations suddenly increased, reaching 26.7 mm at the MP
near School 1, 40.2 mm at School 2, 30.4 mm near School 3, 21.9 mm for the MP near School
4, and 26.8 mm at the MP near the health center. This consistent pattern across all five
infrastructures of Kanallaki is in close agreement with the findings of Svigkas et al. [47],



Remote Sens. 2025, 17, 327 26 of 33

who documented a significant movement of the ground towards the satellite of approxi-
mately 6 cm by utilizing DinSAR technology. Also, the findings of Lekkas et al. [30] and
Valkaniotis et al. [31], who documented a significant uplift associated with the earthquake
in the western region of Epirus on 21 March 2020 (Figure 2), are similar to the results
of this study. Specifically, the maximum vertical displacement at 4 cm was reported by
Valkaniotis [31]. The timing and magnitude of the observed uplift in the dataset corroborate
these findings, particularly the maximum vertical displacement of 6 cm reported in their
study. Polcari et al. [48], also utilizing Sentinel-1 InSAR data, revealed an approximate LoS
displacement of 3 cm in the area of Kanallaki. There is no significant distinction between
our results and the conclusions of any prior research, and there is close agreement between
the results.

In contrast, the dam and the four bridges analyzed in this study are located on the
eastern side of the Preveza region, where vertical displacement is more moderate compared
to the ground motion in Kanallaki. This more stable pattern suggests that the eastern area
was less affected by the 2020 earthquake. This observation is supported by the consistent,
steady patterns seen across other parts of the region, indicating that ground stability
remains high outside the Kanallaki area.

The mean east–west velocity in the area of Preveza ranges from 22.5 mm/y to
−37.7 mm/y (Figure 5). Coastal settlements like Preveza and Parga reveal a moderate
movement towards the west, as shown by green dots (−4.9 mm/y to 0 mm/y) (Figure 5).
Northeastern areas near Filippiada and west of Kanallaki reveal a faster westward move-
ment, represented by yellow dots (Figure 5) (values between −9.9 mm/y to −5 mm/y).
Isolated points south and southeast of Kanallaki show an eastward motion, with values
around 10 mm/y. North of Thesprotiko, several points show intense westward movement,
indicated by red and dark red dots, which represent the fastest motion rates (exceeding
−15 mm/y). The east–west displacement of the four bridges and the dam also confirms a
rapid westward motion, reflecting a more pronounced lateral movement than the vertical
displacement in these infrastructures.

The infrastructures in the area of Preveza, as a whole, show a moderate vertical
and east–west displacement, implying a minimal hazard risk at the time of the study;
this suggests a low potential risk from ground motion, with southern Preveza appearing
particularly stable when compared to the Kanallaki area. The stability of measurement
points in eastern Preveza, with few sudden changes or deviations in the vertical mean
velocity (Figure 13), supports the observation that this region is less vulnerable to seismic
events than areas closer to Kanallaki. Notable exceptions include the port of Preveza, where
slight subsidence is observed, likely driven by anthropogenic influences, and Schools 1, 2,
3, and 16, which show a higher tendency for subsidence compared to other infrastructures.

Cumulative displacement maps (Figures 6 and 7) highlight two main areas with no-
table displacement variations. The first is the settlement of Kanallaki, where, in addition
to the sudden uplift observed in March 2020, reflected in the time series of nearby infras-
tructures, cumulative data reveal heightened vulnerability around critical infrastructures.
Significant cumulative displacement values have been recorded for most of Kanallaki’s key
infrastructures, indicating a high degree of vulnerability, particularly in terms of vertical
displacement. It is worth emphasizing that the 2020 earthquake not only triggered an
abrupt uplift but also that the cumulative displacement data reinforces this observation,
underscoring the area’s susceptibility to ground deformation.

The second area exhibiting significant displacement is located on the eastern side of
the region, where the dam and bridges are situated. This area shows cumulative east–west
displacement values reaching up to −42.4 mm and vertical displacement values up to
−23.3 mm. The proximity of major faults in this zone further amplifies its vulnerability.
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The dam analyzed in this study is located near an area of pronounced subsidence. The
nearby MPs, particularly those marked in red and orange on the map (Figure 4), display
significant vertical displacement, underscoring the dam’s proximity to zones of ground
instability. This raises concerns regarding potential impacts on the structural stability of
the dam. The MP associated with the dam exhibits a cumulative vertical displacement of
−11.2 mm, indicating ongoing subsidence. This value highlights the dam’s proximity to
a region characterized by significant ground movement, as reflected in the vertical mean
velocity data. Additionally, the cumulative east–west displacement at the dam is recorded
at −25.7 mm, indicating considerable horizontal movement towards the west.

Among all the bridges studied along Ionia Odos, three exhibit significant cumulative
displacement values. As noted by Gao et al. [2], subsidence in areas with infrastructure
embankments is a common phenomenon in deformation studies, often attributed to heavy
traffic loads. Additionally, the presence and magnitude of earthquakes (Figure 2) play a
crucial role in determining infrastructure vulnerability. Areas that experience frequent
seismic activity or high-magnitude events are more susceptible to ground motion, structural
damage, and potential ground failure, further increasing the risk to critical infrastructures.

The Kanallaki region is highly seismically active, experiencing regular earthquakes
of notable magnitude. This increased seismic activity makes the area more vulnerable
compared to the rest of the region, particularly in terms of the resilience of infrastructure and
settlements. Higher cumulative displacements are frequently observed in infrastructures
located near fault lines (Figure 2). Proximity to seismic faults heightens the risk of ground
deformation, which can significantly impact the stability and functionality of nearby
infrastructures, including bridges, schools, medical facilities, and dams.

The findings of this study align with the research of Cigna et al. [49], whose InSAR-
and PSI-based deformation maps demonstrate spatial correlations with major fault lines.
Tectonic activity along faults can alter the structure of adjacent layers, resulting in un-
even ground subsidence on either side of the fault. Similarly, Yang et al. [50] observed
coseismic surface deformation around seismic faults in his research. These studies collec-
tively underscore that areas in proximity to fault lines are inherently more vulnerable to
ground deformation.

Additionally, the uniformity of the motion data across the buffer zones
(Figures 24 and 25) suggests that redundancy in monitoring points and the generation of
time series is minimal. This enhances the efficiency of the analysis by reducing the need for
multiple MPs while still accurately reflecting the deformation trends in the area. This obser-
vation aligns with the findings of Wassie et al. [51], who indicated that measurement points
within the buffer zone are stable, and their scores reflect the reliability of measurements.

The resolution of EGMS products enables the detection of deformations in the im-
mediate surroundings of bridges and other infrastructures. However, this resolution may
present limitations in capturing highly localized displacements in specific bridge elements.
Despite these limitations, deformations detected in the surrounding terrain serve as key
indicators of potential structural impacts. Furthermore, for the long-term monitoring of
such deformations, Sentinel-1’s revisit period of 6–12 days is generally sufficient to identify
significant changes in infrastructure stability.

Overall, the Regional Unit of Preveza demonstrates a moderate pattern of displace-
ment, with the exception of the area of Kanallaki, which presents an anomaly in terms of
ground motion. This unique pattern needs further investigation to understand its impact
on ground vulnerability and infrastructure resilience in the Preveza region. The 2020
earthquake serves as a timely reminder of the region’s seismic susceptibility. The continued
monitoring of this area will be essential for assessing the potential long-term effects of
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seismic activity on the stability of critical infrastructures, given historical data indicating
that moderate to large earthquakes are likely to occur periodically.

5. Conclusions
Using geospatial data from critical infrastructures and the EGMS, this study provided

valuable insights into the distribution and magnitude of ground motion in the Preveza
Regional Unit. The findings underscore the importance of focused monitoring in two main
areas. Firstly, the area of Kanallaki exhibits significant vertical displacement and cumulative
motion, likely linked to the 2020 earthquake. Critical infrastructures, such as schools and
the health center, recorded cumulative vertical displacements of up to 33.6 mm and east–
west displacements of up to −18.7 mm. This trend highlights high ground vulnerability,
with potential implications for structural stability.

The second area of concern is where the dam and the bridges of Ionia Odos are
located. The dam and the four nearby bridges show considerable accumulated vertical
displacement, reaching up to −18.8 mm, and even more pronounced cumulative east–
west displacement, with values up to −38.8 mm. Proximity to major fault lines further
amplifies the vulnerability of these infrastructures, underscoring the need for ongoing
structural assessments.

Additionally, the port of Preveza and Schools 1, 2, 3, and 16 are located in an area
experiencing moderate vertical displacement. As the port plays a crucial role in the region’s
economy, continued monitoring is vital to prevent disruptions and ensure safety. The 2020
earthquake induced significant ground uplift, particularly in Kanallaki, resulting in high
vertical displacements at several measurement points. These findings are consistent with
previous research, reaffirming the seismic susceptibility of the region. Areas near fault lines
experience pronounced ground deformation, reinforcing the link between tectonic activity
and infrastructure instability. Continuous updates and analyses of ground deformation
data will be crucial for developing mitigation strategies and enhancing the resilience of
critical infrastructures across the region.
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Appendix A

Table A1. Vertical and east–west displacement of point-like infrastructures of the area of Kanallaki
(schools, health center); Pid is a unique identifier assigned to each MP.

Infrastructure Lat. Long. V. Displ.
(mm/y)

E-W Displ.
(mm/y) Pid

Health Center 39.2381597 20.5995932 6.9 −4.5 10Mf5BYBTi
School 1 39.2364503 20.5981019 7.1 −3.2 10Mf0UswHd
School 2 39.2366767 20.6028675 12 −3.9 10Mf0UswHh
School 3 39.2324173 20.6051721 11.7 −4.1 10MehkDxVU
School 4 39.2249225 20.6011731 11 −4.6 10Me1YEkkr

Table A2. Vertical and east–west displacement of point-like infrastructures of area of Preveza (hospital,
health center, schools); Pid is a unique identifier assigned to each MP.

Infrastructure Lat. Long. V. Displ.
(mm/y)

E-W Displ.
(mm/y) Pid

Hospital 38.9655006 20.7536955 −0.2 −2.3 10MJuVHZ2P
Health Center 38.9632509 20.7503009 −0.1 −2.3 10MJgRHpSA
School 1 38.9586934 20.7532018 −0.1 −2.7 10MJNgcqfy
School 2 38.9564813 20.7520079 −0.4 −2.5 10MJ9cd75l
School 3 38.9533716 20.7508451 −0.2 −2.5 10MIvYdNVY
School4 38.9667946 20.7456386 −0.2 −2.5 10MJzBwoEM
School 5 38.9538455 20.7451430 −0.3 −2.7 10MIqry8JP
School 6 38.9602587 20.7453070 0.1 −2.5 10MJSNI5rv
School 7 38.9790451 20.7727355 −0.4 −2.9 10MLCCajLj
School 8 38.9791537 20.7443548 0 −3.2 10MKy8azl9
School 9 38.9472789 20.7371700 0.3 −2.7 10MIFMeAkn
School 10 38.9581290 20.7393146 0.4 −2.8 10MJEJIMHe
School 11 38.9550177 20.7404788 −0.2 −2.8 10MIvYdNVP
School 12 38.9690838 20.7513878 −0.3 −2.3 10MKDFwXoc
School 13 39.0002839 20.7092027 0.2 −3.8 10MMPDEeRq
School 14 38.9762020 20.7437461 0.1 −2.8 10MKk4bGAx
School 15 38.9727127 20.7478706 0.2 −2.7 10MKRJwHOl
School 16 38.9539741 20.7507981 −0.1 −2.3 10MJ0FIchc
School 17 38.9626656 20.7470600 0 −2.3 10MJbkcaG3

Table A3. Vertical and east–west displacement of linear infrastructures (bridges of Ionia Odos, from
north to south); Pid is a unique identifier assigned to each MP.

Infrastructure Lat. Long. V. Displ.
(mm/y)

E-W Displ.
(mm/y) Pid

Bridge 1 39.3653666 20.9207942 −1.3 −5 10MscMd3NQ
Bridge 2 39.3600797 20.9211537 −3.4 −8.5 10Ms5XyL0z
Bridge 3 39.3275666 20.9109317 −1.1 −6.3 10MpMm1W0a
Bridge 4 39.2922036 20.8976423 −1.4 −5.8 10MmLFPiDu

Table A4. Vertical and east–west displacement of dam; Pid is a unique identifier assigned to each MP.

Infrastructure Lat. Long. V. Displ.
(mm/y)

E-W Displ.
(mm/y) Pid

Dam 39.2605736 20.8477167 −1.5 −7.4 10MjF28fEf
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Appendix B

Table A5. Vertical and east–west cumulative values of point-like infrastructures of the area of
Kanallaki (schools, health center); Pid is a unique identifier assigned to each MP.

Infrastructure Lat. Long. V. Cumulative (mm) E-W Cumulative (mm) Pid

Health Center 39.2381597 20.5995932 14.1 −18.7 10Mf5BYBTi
School 1 39.2364503 20.5981019 16.1 −13.5 10Mf0UswHd
School 2 39.2366767 20.6028675 33.6 −15.1 10Mf0UswHh
School 3 39.2324173 20.6051721 30.9 −13.7 10MehkDxVU
School 4 39.2249225 20.6011731 33 −17.9 10Me1YEkkr

Table A6. Vertical and east–west cumulative values of point-like infrastructures of area of Preveza
(hospital, health center, schools); Pid is a unique identifier assigned to each MP.

Infrastructure Lat. Long. V. Cumulative (mm) E-W Cumulative. (mm) Pid

Hospital 38.9655006 20.7536955 −2.1 −5 10MJuVHZ2P
Health Center 38.9632509 20.7503009 −1.3 −5.5 10MJgRHpSA
School 1 38.9586934 20.7532018 −0.5 −7.5 10MJNgcqfy
School 2 38.9564813 20.7520079 −1.6 −6.4 10MJ9cd75l
School 3 38.9533716 20.7508451 −1.9 −5.9 10MIvYdNVY
School 4 38.9667946 20.7456386 −2.8 −6.8 10MJzBwoEM
School 5 38.9538455 20.7451430 −2.1 −9.7 10MIqry8JP
School 6 38.9602587 20.7453070 −1.5 −5.7 10MJSNI5rv
School 7 38.9790451 20.7727355 −5.9 −9.7 10MLCCajLj
School 8 38.9791537 20.7443548 −3.7 −8.4 10MKy8azl9
School 9 38.9472789 20.7371700 3.1 −9.1 10MIFMeAkn
School 10 38.9581290 20.7393146 2 −8.8 10MJEJIMHe
School 11 38.9550177 20.7404788 −0.6 −10.2 10MIvYdNVP
School 12 38.9690838 20.7513878 −4.1 −5.3 10MKDFwXoc
School 13 39.0002839 20.7092027 1.1 −14.8 10MMPDEeRq
School 14 38.9762020 20.7437461 −2.7 −6.2 10MKk4bGAx
School 15 38.9727127 20.7478706 −0.6 −7.2 10MKRJwHOl
School 16 38.9539741 20.7507981 −1 −4.1 10MJ0FIchc
School 17 38.9626656 20.7470600 −1.4 −5.4 10MJbkcaG3

Table A7. Vertical and east–west cumulative values of linear infrastructures (bridges of Ionia Odos,
from north to south); Pid is a unique identifier assigned to each MP.

Infrastructure Lat. Long. V. Cumulative (mm) E-W Cumulative. (mm) Pid

Bridge 1 39.3653666 20.9207942 −10.8 −23.9 10MscMd3NQ
Bridge 2 39.3600797 20.9211537 −18.8 −38.8 10Ms5XyL0z
Bridge 3 39.3275666 20.9109317 −7.5 −29.6 10MpMm1W0a
Bridge 4 39.2922036 20.8976423 −8.3 −24.2 10MmLFPiDu

Table A8. Vertical and east–west cumulative displacement of dam; Pid is a unique identifier assigned
to each MP.

Infrastructure Lat. Long. V. Cumulative
(mm)

E-W Cumulative
(mm) Pid

Dam 39.2605736 20.8477167 −11.2 −25.7 10MjF28fEf
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