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1. Abstract

It is well known that the lonian Islands with the Gulf of Corinth combine a high seismic hazard
with a high seismic risk. As an example, the strong earthquake of 25 October 2018 of Mw=6.7
located 30 km southwestward from Zakynthos Island, which damaged a number of buildings
(120 buildings out of 250 inspected were considered uninhabitable) as well as the port of
Zakynthos and caused several landslides and rockfalls in the southwestern coasts. The
maximum Peak Ground Acceleration (http://shakemaps.itsak.gr/auth2018uyar/pga.html)
recorded by the Nationwide Strong Motion Network in Greece (https://doi.org/10.7914/SN/HI)
was 356 cm/sec? (station KRI1, E-W comp.), similar to the one proposed by the Greek Seismic
Code (EAK 2000) for the Zone Il (DOI: 10.13140/RG.2.2.17537.10084). Intense aftershock
activity triggered by the above earthquake was recorded in the vicinity of Zakynthos Island
during 2019. Seismic activity was also recorded along the Cephalonia-Lefkada Transform Fault
Zone (CLTFZ), at the western shores of the respective islands, with an Mw=5.3 event north of
Lefkada on 5 February 2019 (max PGA=144.1cm/sec’, N-S comp, station PRE2,
http://shakemaps.itsak.gr/auth2019cmcj/pga.html). Intense seismic activity was recorded in
the region of the Western Gulf of Corinth, with an Mw=5.2 event occurring on 30 March 2019
near Eratini (max PGA=196.8cm/sec?, N-S comp, station ITE1,
http://shakemaps.itsak.gr/auth2019gfmx/pga.html).

Seismicity was also detected at the Eastern Gulf of Corinth, specifically at two distinct spatial
groups, one offshore Xylokastro and another in the vicinity of Perahora peninsula, NW of
Loutraki, where a seismic swarm was observed.
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An important Mw=5.1 earthquake occurred on 19 July 2019 at Parnitha Mt, likely a delayed
aftershock of the Mw=6.0, 1999 Athens earthquake (max PGA=135.9cm/sec?, E-W comp,
station PER1, http://www.itsak.gr/uploads/news/earthquake reports/EQ Attica 2019-07-
19 M5.3 report v02.pdf in Greek). Scarce seismicity was detected in the region of central
Peloponnese, mainland Greece, Euboea Island and Sporades Islands, with some events being
concentrated in locally constrained spatial clusters.

The aforementioned seismicity and the associated focal mechanisms indicate clearly that the
western part of the supersite is under a high compressive strain rate while the eastern part
suffers a medium extensive strain rate. The transition zone is located at the western part of the
Gulf of Corinth and the extensive strain rate is decreasing towards east, as indicate the
GPS/GNSS data collected by various sources (see section 5, results from DSO).

To better understand the fault mechanism that governs the Gulf of Corinth, the Hellenic Centre
for Marine Research (HCMR, https://www.hcmr.gr/en/ ) produced a Digital Terrain Model of
the seafloor of the Greek Supersite with a grid resolution of 1/16 x 1/16 arc minutes (circa
115x115 meters) in the framework of EMODnet Bathymetry project
(https://emodnet.eu/en/bathymetry ). This DTM provides a detailed view of the morphological
configuration of the seabed with implications for the underlying geological processes that have
shaped the seafloor. The roughly 900 m deep, flat seabed of the central Gulf of Corinth is
bordered to the South and North by steep, faulted slopes that are incised by numerous gullies.
Small and larger failures have occurred along both slopes leading to mass transport deposits
and turbidites that form the bulk of the basin infill. Historical and recent tsunamis are
associated with mass failures along the steep slopes. Further west, the Inner lonian Sea consists
of a shallow shelf that is separated from the lonian Islands by a N-S running 300-400 m deep,
fault controlled valley. In the lonian Sea, the most striking morphological feature is the SSW-
NNE striking, 1000-3000 m high scarp along the trace of the Cephalonia Fault. Maximum depth
of 3500 m occurs at short distance from SW Cephalonia Island.

2. Scientists/science teams

Researcher/team Name, dffiliation, address, e-mail, website
Spyros Lalechos (coordinator) Earthquake Planning & Protection Organisation (EPPO)
slalexos@oasp.qr Department of Seismotectonics

32 Xanthou Str, 15451 Neo Psychiko, Athens, Greece
http://www.oasp.qgr/

Thomas Salonikios (coordinator) Earthquake Planning & Protection Organisation (EPPO)
salonikios @itsak.qr Research Unit (ITSAK), Structural Division
Dasiliou Street, Pylaia 55535, Thessaloniki
http.//www.itsak.gr/
Papadimitriou Panayotis Section of Geophysics-Geothermics, Department of
ppapadim@geol.uoa.qr Geology and Geoenvironment, National and Kapodistrian
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Nicholas Voulgaris
voulgaris@geol.uoa.qgr
Vassiliki Kouskouna
vkouskouna@geol.uoa.gr
loannis Kassaras
kassaras@geol.uoa.qgr
George Kaviris
gkaviris@geol.uoa.gr
Vassilis Sakkas
vsakkas@geol.uoa.qgr
Kyriaki Paviou
kpavlou@geol.uoa.gr
Maria Tsakiri
mtsakiri@central.ntua.qr
Stavroula Alatza
ralatza@central.ntua.gr
Dimitrios Anastasiou,
dganastasiou@gmail.com
Xanthos Papanikolaou
xanthos@mail.ntua.gr
Nick Flokos
flksnik@gmail.com
Issaak Parcharidis
parchar@hua.gr

Dimitris Sakellariou

sakell@hcmr.qr

loannis Manakos
imanakos®@iti.gr

Nikos Grammalidis
ngramm@iti.gr

Vasiliki (Betty) Charalampopoulou
b.charalampopoulou@geosystems
-hellas.gr
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University of Athens, 157 84 Panepistimiopolis,
Zographou, Athens, Greece

Dionysos Satellite Observatory, School of Rural and
Surveying Engineering, NTUA,
http://portal.survey.ntua.qr/main/labs/hgeod/DSO/DSO
main-en.htm

Department of Geogragphy, Harokopio University of
Athens (HUA)

https.//www.qgeo.hua.qr/en/
https://www.facebook.com/huaeoteam/

Hellenic Centre for Marine Research

Institute of Oceanography

Department of Marine Geology & Geophysics

46,7 km Athens Sounio ave.,P.O. Box 712, P.C. 19013
Anavyssos, Attiki, Greece
https://io.hcmr.qgr/research-technology/scientific-
departments/marine-qgeology-geophysics/

Center of Research and Technology Hellas
Information Technologies Institute

1st km Thermi - Panorama, 57001, Thessaloniki, Greece
https://www.iti.qr/

GEOSYSTEMS HELLAS S.A. [GSH]

Ginossati 88A, 14452, Metamorfosi

Branch: Theofilopouloul3, 11743, Athens

E-mail: mail@geosystems-hellas.gr
https://www.geosystems-hellas.qr/
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Scientists/science teams issues

<In this subsection please describe existing issues regarding the organization of the scientific
research on the Supersite, e.g. if there are too few participants, how to improve participation,
coordination issues, etc.>

The Enceladus Supersite lacks manpower and systematic funding. What is more, its planning
and workflow were deeply affected by the two lockdowns and the covid-19 restrictions in
general.

However:

1. Since September a National Project “PROION” Platform of Microsensor monitoring of
ENceladus hellenlc supersite (www.proion-hellas.gr) has started. Scientific coordinator Prof
Nikolakopoulos.

2. Five project proposals haves been submitted for funding to EU and to National Strategic
Reference Framework (NSRF) 2014-2020 by consortium members either as project
coordinators or as partners.

a)

b)

c)

d)

Quick estimate of structural damage after strong ground motion for earthquake crisis
management. Test sites: City of Patras and Cephalonia Island. Project coordinator:
Spyros Lalechos (EPPO)

2nd Call for proposals, Operational Programme Competitiveness, Entrepreneurship and
Innovation 2014-2020 (EPANEK) within the National Strategic Reference Framework
(NSRF) 2014-2020, June 2019.

Ground Deformation and cRitical Infrastructures monitoring by MTInSAR over active
areas: the area of the Hellenic Supersite "Enceladus". Project coordinator: Prof
Parcharidis (HUA)

2nd Call for Hellenic Foundation for Research & Innovation Research Projects to Support
Faculty Members & Researchers, June 2020.

On-site decision-making tools for near-collapse buildings in POST-earthQUAKE situations
(POSTQUKE). Test site: City of Athens, Greece. Project coordinator: Prof ihsan Bal
(Hanze University of Applied Sciences, Groningen, Netherlands). Partner: EPPO.

Horizon 2020/Security, August 2020

Intelligent RESPonsiveness On time iN the field (i-RESPOND). Test site: City of Aigio, Gulf
of Corinth. Project coordinator: International Hellenic University (IHU). Partner: Section
of Geophysics-Geothermics, Department of Geology and Geoenvironment, National and
Kapodistrian University of Athens, EPPO.

Horizon 2020/Security, August 2020

Expected results on the HARMONIA project proposal: Development of a Support System
for Improved Resilience and Sustainable Urban areas to cope with Climate Change and
Extreme Events based on GEOSS and Advanced Model-ling Tools. Study area: City of
Piraeus. Partner: Geosystems Hellas SA.

Two stages call LC-CLA-19-2020: Integrated GEOSS climate applications to support
adaptation and mitigation measures of the Paris Agreement.
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Type of data Data How to access Type of
provider access
e.g. seismic ... Link to data repository or description of procedure for data E.g.
waveforms, access unregistered
GPS time public,
series, gas registered
measurements, public,
etc. limited to
GSNL
scientists,
etc.
Seismic Seismological  http://eida.gein.noa.gr/ Public
Waveforms Laboratory
NKUA
GNSS time Geophysical ~ Available upon request Limited to
Series from Laboratory GSNL
selective sites NKUA scientist
GNSS raw Geophysical ~ Available on-line from EPOS site http.//qgnssdata- Unregistered
RINEX 30sec Laboratory epos.oca.eu/#/site public ...
data NKUA
Accelerometric EPPO- Available on-line from Unregistered
waveforms ResearchUnit  http://ghead.itsak.qgr/map/ public
ITSAK
GNSS raw CNRS Available soon from Freely
RINEX 30sec Provided by http://portal.survey.ntua.qr/main/labs/hgeod/DSO/DSOmain-  Available
data from Working en.htm
stations: Group under
koun, eypa, supervision
lido, psar, ktch  of CNRS

In situ data issues

<In this subsection please describe existing issues regarding the open access to in situ data, e.g.
if there are some datasets which are not open, why, if access is straightforward or cumbersome,

future developments, etc. >

The Central lonian Island, as well as the western Gulf of Corinth are covered by a dense
seismological network. On the other hand, in the Eastern Gulf of Corinth and Attica the number
of recording stations must be increased regarding both seismological and GNSS. The recent
important seismic activity in the broader Attica region (2019) revealed the lack of the adequate
number of stations. Thus, the obtained scientific results were not characterized by the desired
accuracy, which is required for the Metropolitan area of Athens. Thus, funding is necessary to

densify the seismological and GNSS networks.

In the area of Supersite there are permanent GNSS stations operated by Hellenic Position
System (https://www.hepos.gr ), part of KTIMATOLOGIO SA (Hellenic Cadastral). Unfortunately,
these data are not provided for research. Only upon request, just a small amount of data is

available and not to all of the research teams.
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Finally, an experimental WMS service providing data for recent earthquakes in Greece was

setup by UOA

(team  of

Prof.

Papadimitriou),

with

the

aid

of CERTH:

http://195.134.86.108:8080/geoserver/supersite/wms?service=WMS (freely available).

4, Satellite data

Type of data \Data provider How to access Type of
access
ERS 1 & 2 SAR SLC ESA http://esar-ds.eo.esa.int Available on
ENVISAT ASAR level 1 the ESA Online
(SLC) (more than 120 Dissemination
scenes System upon
registration
Sentinel-1IW SLCand  ESA https://scihub.copernicus.eu/ free and open
GRD (more than 500 https://search.asf.alaska.edu/#/ access upon
scenes) registration
Sentinel-2MSI ESA https://scihub.copernicus.eu/
1C and 2A product (12
scenes)
TerraSAR-X SLC ESA’s TPM After
stripmap submission of
(40 scenes) TPM proposal
CosmoSkyMed strip AS/ Directly from
map(an ASl agfter
Interferometric pair) communication
via ESA
Radarsat-2 ESA TPM https://mdacorporation.com/geospatial/interna  ESA AO for
(24 SLC scenes) tional/radarsat-portal/ RADARSAT-2
ENVISAT ASAR level 1  ESA http://esar-ds.eo.esa.int/socat/ASA_IMS_1P Avuailable on
(SLC) the ESA Online
Dissemination
System upon
registration
Sentinel-1 ESA https://scihub.copernicus.eu/ free and open

https.//search.asf.alaska.edu/#/

access upon
registration

Satellite data issues

Regarding DINSAR and MTInSAR, the access is straightforward. Registration is required both for
ESA Online Dissemination System and for Copernicus Open Access Hub (Sentinel- 1 a & B).
Considering ERS -1 ERS-2 and Envisat sensors’ archive scenes, data are more easily accessible,
through the recent Online Dissemination System, compared to the previous EOLI-SA ESA’s Earth
Observation Catalogue and Ordering Services. Data access of Sentinel-1 data, was also in some

6
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cases facilitated with the Alaska Satellite Facility archive. A bulk downloading is available, with
the use of python script. Access to ASF Sentinel-1 data archive, is also available upon a simple
registration.

During the turbulent period due to covid-19, a script was developed in order to facilitate the
distance processing. The team uses the GAMMA/IPTA, ENVI, SNAP and last period also the
SARSCAPE (SBAS & PSI) s/w.

Finally, some vegetation indices (http://eoservices.iti.gr/vegetation indices.php?area=16) and
inundation maps (http://eoservices.iti.gr/inundation maps.php?area=16) for the island of
Zakynthos were produced by CERTH (Team of Dr. Manakos) using Sentinel-2 data from the
period 2017-2019 and are freely available.

5. Research results

The following section describes research results from HUA.

After the study of seismic events occurred at Cephalonia (Arapostathis et al. 2016, Briole et al.
2015, Benekos et al 2015) and Lefkada (Ganas et al. 2016) islands the seismic event of
Zakynthos (Elias et al., 2019) was studied by DInSAR in order to map co-seismic deformation
following an older study/publication (Choussianitis et al.2011).

l. InSAR observations of the Mw=6.7, 25 October 2018, Zakynthos earthquake
(Elias et al., 2019)

Geodetic data, obtained by spaced-based techniques, can be used to infer ground deformation
associated with the co-seismic slip distribution on a fault that has ruptured in an earthquake.
Satellite images can capture co-seismic deformation and synthetic aperture radar (SAR)
interferometry can be used to detect changes on the ground surface, based on the phase
difference between two SAR images after removing the signal from the topography. With
Copernicus Sentinel 1 mission (A and B satellites) our capabilities to study co-seismic
deformations have been improved mainly due to the temporal resolution, being of revisit time
of 6 days, and the near-real time availability of the data via the Copernicus Open Access Hub
(https://scihub. copernicus.eu/).

In the case of Zakynthos 25 October 2018 earthquake, we selected four Sentinel 1 scenes of C
band wavelength, Interferometric Wide (IW) mode, Single Look Complex (SLC), with VV
polarization characterized by the shortest repeat interval in relation to the seismic event and
having a full coverage of the area. Sentinel 1 scenes selected are dated 20 Oct. 18 and 26 Oct.
2018 in ascending and descending orbit, respectively. According to Write et al. (2004)
interferograms produced with both imaging geometry can enhance information concerning
surface deformation.

The standard two-passes Differential SAR interferometry (DInSAR) technique has been applied
using SARPROZ s/w (D. Perissin, http://www.sarpoz.com ) on the two interferometric pairs after
selecting the appropriate sub-swath (sw1 standing for ascending pair and sw2 for descending
pair), while a Shuttle Radar Topography Mission Digital Elevation Model (SRTM DEM) was used




Version 1.4

08 December 2020

www.geo-gsnl.org

as an input during interferometric processing in order to subtract topography and also for
geocoding the final deformation maps.

The two interferograms obtained (see Figures below) show similarities but are not identical due
to the different geometry of acquisition. It is worth mentioning that the interferogram
produced by the ascending orbit includes ambiguous interferometric phase likely affected by
tropospheric noise situated at the northwestern part. The tropospheric noise constitutes a
significant parameter that affects interferometric results especially when measuring small
deformation signals (Zebker et al. 1997, Hansen 2001, Funning and Garcia, 2018). Both
interferograms show low coherence over the eastern part of the Zakynthos Isl. and much better
coherence in the western part. This difference is very likely due to different land cover in the
two sides of the island. The absolute wrapped phase into the interval -m to +m, which
constitutes an ambiguity, was then unwrapped (phase unwrapping) producing displacement
maps (see Figurel below).

Fig 1: Co-seismic interferogram and displacement map in ascending geometry (Left) and in
descending geometry (right\) of the October 25, 2018, Zakynthos earthquake.

Il Spatiotemporal evolution of the deformation around the Rio-Patras fault
(Greece) observed by synthetic aperture radar interferometry from 1993 to 2017
(Papadopoulos et al. 2019)

We analysed the ground deformation across two blocks defined by the Rio-Patras fault from
1993 to 2017 using multi-temporal Synthetic Aperture Radar Interferometry (InSAR)

8
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techniques. Our main objective was to contribute to the assessment of seismic hazard near the
large city of Patras. Multiple data-sets were used, each one covering different temporal
periods. Descending and ascending acquisitions, providing different viewing geometries
contribute to fully determine the ground displacement in 3D. The data-sets used are from the
European Space Agency (ESA) European Remote Sensing (ERS), Environmental Satellite
(ENVISAT) and SENTINEL-1 as well as German Aerospace Center (DLR) TERRASAR-X missions.
Considering ESA missions covering both acquisition geometries and long periods, the southern
block, showing lack of a sufficient number of scatterers does not allow the displacement
characterization. In contrary, the northern block is characterized by a high number of scatterers
having values of maximum likehood ranging from -3.5 to -4.3 mm year-1 for ascending
geometry and from -1.6 to -2.7 mm year-1 for the descending one. The fact that both
geometries show negative values of displacements are consistent with downlift movement and
at the same time the quantitative differentiation probably indicates a horizontal component as
well.
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lll. Spatio-Temporal Assessment of Land Deformation as a Factor Contributing to
Relative Sea Level Rise in Coastal Urban and Natural Protected Areas Using Multi-
Source Earth Observation Data

(Elias et al., 2020)

The rise in sea level is expected to considerably aggravate the impact of coastal hazards in the
coming years. Low-lying coastal urban centers, populated deltas, and coastal protected areas
are key societal hotspots of coastal vulnerability in terms of relative sea level change. Land
deformation on a local scale can significantly affect estimations, so it is necessary to understand
the rhythm and spatial distribution of potential land subsidence/uplift in coastal areas. The
present study deals with the determination of the relative vertical rates of the land
deformation and the sea-surface height by using multi-source Earth observation—synthetic
aperture radar (SAR), global navigation satellite system (GNSS), tide gauge, and altimetry data.
To this end, the multi-temporal SAR interferometry (MT-InSAR) technique was used in order to
exploit the most recent Copernicus Sentinel-1 data. The products were set to a reference frame
by using GNSS measurements and were combined with a re-analysis model assimilating satellite
altimetry data, obtained by the Copernicus Marine Service. Additional GNSS and tide gauge
observations have been used for validation purposes. The proposed methodological approach
has been implemented in three pilot cases: the city of Alexandroupolis in the Evros Delta
region, the coastal zone of Thermaic Gulf, and the coastal area of Killini, Araxos (Patras Gulf) in
the northwestern Peloponnese, which are Greek coastal areas with special characteristics. The
present research provides localized relative sea-level estimations for the three case studies.
Their variation is high, ranging from values close to zero, i.e., from 5-10 cm and 30 cm in 50
years for urban areas to values of 50—60 cm in 50 years for rural areas, close to the coast. The
results of this research work can contribute to the effective management of coastal areas in the
framework of adaptation and mitigation strategies attributed to climate change. Scaling up the
proposed methodology to a continental level is required in order to overcome the existing lack
of proper assessment of the relevant hazard in Europe.

10
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Vertical land deformation rate and sea-surface height rate map of the Killini, Araxos coastal
area in the north western Peloponnese. PS stands for permanent scatterers.

Iv. Copernicus Sentinel-1MT-InSAR, GNSS and Seismic Monitoring of
Deformation Patterns and Trends at the Methana Volcano, Greece (Gatsios
et al., 2020)

The Methana volcano in Greece belongs to the western part of the Hellenic Volcanic Arc, where
the African and Eurasian tectonic plates converge at a rate of approximately 3 cm/year. While
volcanic hazard in Methana is considered low, the neotectonic basin constituting the Saronic
Gulf area is seismically active and there is evidence of local geothermal activity. Monitoring is
therefore crucial to characterize any activity at the volcano that could impact the local
population. This study aims to detect surface deformation in the whole Methana peninsula
based on a long stack of 99 Sentinel-1 C-band Synthetic Aperture Radar (SAR) images in
interferometric wide swath mode acquired in March 2015—-August 2019. A Multi-Temporal
Interferometric SAR (MT-InSAR) processing approach is exploited using the Interferometric
Point Target Analysis (IPTA) method, involving the extraction of a network of targets including
both Persistent Scatterers (PS) and Distributed Scatterers (DS) to augment the monitoring
capability across the varied land cover of the peninsula. Satellite geodetic data from 2006—2019
Global Positioning System (GPS) benchmark surveying are used to calibrate and validate the
MT-InSAR results.

11
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Line-of-sight (LOS) deformation velocity in 2015-2019 from the Multi-Temporal Interferometric
Synthetic Aperture Radar (MT-InSAR) analysis for the (a) Persistent Scatterers (PS) and (b)
Distributed Scatterers (DS) datasets, overlapped onto satellite optical imagery (© 2020
TerraMetrics, © 2020 Google).

Deformation monitoring records from permanent Global Navigation Satellite System (GNSS)
stations, two of which were installed within the peninsula in 2004 (METH) and 2019 (MTNA),
are also exploited for interpretation of the regional deformation scenario. Geological,
topographic, and 2006-2019 seismological data enable better understanding of the ground
deformation observed. Line-of-sight displacement velocities of the over 4700 PS and 6200 DS
within the peninsula are from -18.1 to +7.5 mm/year. The MT-InSAR data suggest a complex
displacement pattern across the volcano edifice, including local-scale land surface processes.

In Methana town, ground stability is found on volcanoclasts and limestone for the majority of
the urban area footprint while some deformation is observed in the suburban zones. At the
Mavri Petra andesitic dome, time series of the exceptionally dense PS/DS network across blocks
of agglomerate and cinder reveal seasonal fluctuation (5 mm amplitude) overlapping the long-
term stable trend. Given the steepness of the slopes along the eastern flank of the volcano,
displacement patterns may indicate mass movements. The GNSS, seismological and MT-InSAR
analyses lead to a first account of deformation processes and their temporal evolution over the
last years for Methana, thus providing initial information to feed into the volcano baseline
hazard assessment and monitoring system.

12
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The following section describes research results from DSO using continuous GNSS data, InSAR
data and ENVISAT and Sentinel-1 data.

Strain mechanics of Corinth rift region from GNSS data

During the last few years, DSO has designed and implemented a software package that enables
strain tensor parameter estimation via a list of input velocities; the latter are normally a
product of time-series analysis of satellite and/or in-situ geodetic data (e.g. GNSS). The
software named StrainTool is open source freely available to any interested parties
(https://github.com/DSOlab/StrainTool ).

In addition, DSO routinely processes GPS/GNSS data from every freely available station installed
in Greece. Within this freamework, DSO has incorporated data collected by continuous stations
in the Corinth Rift area, included in the SuperSite dataset. These stations are: koun, eypa, lido,
psar and ktch.

Station Data Access Partner - Data Source Comments

koun Freely Available CNRS Provided by Working Group under
supervision of CNRS

eypa Freely Available CNRS Provided by Working Group under
supervision of CNRS

lido Freely Available CNRS Provided by Working Group under
supervision of CNRS

psar Freely Available CNRS Provided by Working Group under
supervision of CNRS

ktch Freely Available AUTh-LGMSA GPS+GLONASS, SmartNet Greece

Using these data (included in a superset of GPS/GNSS data collected by various sources), DSO
has performed an initial study of the strain mechanics of the Corinth Rift region. GPS/GNSS data
were analyzed via the Bernese GNSS Software v5.2; coordinate results were stacked to form
station time-series, and the latter used to estimate tectonic velocities for each site. These
velocities were then introduced to StrainTool to estimate relevant parameters.

Initial results obtained are shown in Figures 1 to 3.

13
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Fig. 1: Principal Axes of Strain Rates for the wider Corinth Rift region

Fig. 1: Results for Dilation for the wider Corinth Rift region.

14
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Fig. 2: Velocity field as estimated from the GPS/GNSS data, after time-series analysis for the
wider Corinth Rift region.

InSAR observations of the My=6.7, 25 October 2018, Zakynthos earthquake

Interferometry is based on the ability of a satellite to observe the same Earth’s surface from
different geometry and provide information about ground displacements. SAR interferometry
has long proved its capacity in measuring deformation induced by earthquakes. On October 25,
2018, a large swallow earthquake occurred about 40 km South West of Zakynthos island in the
lonian Sea in Greece with a magnitude of Mw=6.7. Several aftershocks followed the main
event, along the western arc. Minor damage on buildings and the harbor of Zakynthos island,
was reported. The earthquake was followed by landslides, located to the western and southern
coasts of the island. Finally, tide gauge stations in Calabria (ltaly) and Peloponnese (Greece),
recorded small tsunami waves. Zakynthos island is situated to the western part of the Hellenic
Arc. The termination of the oceanic subduction of the Nubian lithosphere under the Eurasian
lithospheric plate occurs west-northwest of Zakynthos.

Earth Observation data and specifically two Sentinel-1 (S-1), SLC (level-1) images, provided by
ESA, through the Copernicus free, full and open data policy program, were employed to analyze
the October 25, 2018, Mw=6.7 Zakynthos earthquake, by means of SAR interferometry. The
selection of the optimal pair of SLC images, was based on the minimization of temporal and
perpendicular baselines. The October 20, 2018 and October 26, 2018 Sentinel-1 images, were
selected to form the co-seismic interferogram. Information about perpendicular and temporal
baselines, along with modeled coherence and height of ambiguity of the two images, are
provided in Table 1. The processing was performed with SNAP software. Precise orbital data,
were employed for the coregistration of two Sentinel-1 split products. An SRTM 3 arc-seconds
Digital Elevation Model (DEM), was used for the removal of the topography effect.

15
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Table 1: Information about the two Senitnel-1 images selected to form the co-seismic

interferogram.
S-1images Satellite | Satellite Bperp Btemp Modeled Height of
pass track (m) (days) coherence ambiguity
(m)
20 October | Descending 80 0 0 - -
2020
26 October | Descending 80 -20.58 6 0.98 769.27
2020

Fig. 4: Co-seismic interferogram (Left) and displacement map (Right) of the October 25, 2018,
Zakynthos earthquake, as resulted from InSAR analysis of two Sentinel-1 SLC images.

2019 Sentinel 3A and 3B Altimetry Data

Herein it is described a set of Level 2 (L2) Satellite Altimetry data for the lonian Sea in western
Greece. The dataset comes from the Sentinel 3A and Sentinel 3B missions for the year 2019.
The original data in NetCDF files are not easily accessible by users who are not familiar in
editing such files.

Therefore, this dataset was processed in order to produce a new set for easy access by any
user. There are two excel files, one for each constellation of Sentinels 3 mission. Each excel file
contains the:

date

coordinates of the measurements (lat, lon using WGS ’84 as datum)

Sea Level Anomaly (SLA)

Sea Surface Height (SSH)

Mean Sea Surface (model DTU18)

Sea State Bias correction.

The ascending and descending passes of the satellite were processed and contained in the excel
files in different sheets. The retracking of the data performed on the G-POD

A NI NI NN
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(https://gpod.eo.esa.int/services/) platform using the SARvatore for Sentinel 3 service and the
SAMOSA 2 retracker.

The ESA Grid Processing on Demand (G-POD) system is a generic GRID-based operational
computing environment where specific data-handling Earth-Observation services can be
seamlessly plugged into system. One of the goals of G-POD is to provide users with a fast
computational facility without the need to handle bulky data.

The G-POD system hosts high-speed connectivity, distributed processing resources and large
volumes of data to provide scientific and industrial partners with a shared data processing
platform fostering the development, validation and operations of new Earth Observation
applications. In particular, the G-POD environment consists of:

e Over 350 CPUs in about 70 Working Nodes

e Over 330 TB of local on-line Storage plus 180 TB of EO data accessed directly from the
PACs.

e Access to Cloud processing and data resources on demand (from Interoute and other
providers)

e Internal dedicated 1 Gbit LAN at ESA-ESRIN and at UKPAC archives

e 1 Gbps external connection

e Online software resources: IDL, MATLAB, BEAT, BEAM, BRAT.

Actually, G-POD has more than 300TB of EO data locally stored. EO Data available to G-POD
services come either from ESA and non-ESA missions. The G-POD web portal
(http://gpod.eo.esa.int/) is a flexible, secure, generic and distributed web platform where the
user can easily manage all own tasks. From the creation of a new task to the output publication,
including data selection and job monitoring, the user goes through a friendly and intuitive user
interface accessible from everywhere. More detailed information on the G-POD Web Portal and
System are available here:
http://wiki.services.eoportal.org/tikiindex.php?page=GPOD+User+Manual#Annex

The following section describes research results from SL-NKUA.

During the period between 2019 and November 2020, the seismicity in the region of central
Greece, as analyzed by SL-NKUA, is presented in Fig. 1. Intense aftershock activity triggered by
the Mw=6.7 earthquake of 25 October 2018 is present in the vicinity of Zakynthos Island.
Seismic activity was also observed in western Peloponnese, with clustered seismicity near
Katakolo and Andravida during May 2019, including several M24 events. Microseismic activity
was recorded along the Cephalonia-Lefkada Transform Fault Zone (CLTFZ), at the western
shores of the respective islands, with an Mw=5.3 event north of Lefkada on 5 February 2019.
Further north, an Mw=5.6 earthquake occurred near Parga. Intense microseismic activity is
recorded in the region of the Western Gulf of Corinth, with an Mw=5.2 event occurring on 30
March 2019 near Eratini. Seismicity was also detected at the Eastern Gulf of Corinth, specifically
at two distinct spatial groups, one offshore Xylokastro and another in the vicinity of Perahora
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peninsula, NW of Loutraki, where a seismic swarm was recorded. An important Mw=5.1
earthquake occurred on 19 July 2019 at Parnitha Mt, likely a delayed aftershock of the Mw=6.0,
1999 Athens earthquake. Scarce seismicity was detected in the region of central Peloponnese,
mainland Greece, Euboea Island and Sporades Islands, with some events being concentrated in
locally constrained spatial clusters.

Figure 1. Seismicity of the period 2019 — 25 November 2020 in the region of Central Greece,
manually analysed at the Seismological Laboratory of the National and Kapodistrian University
of Athens (SL-NKUA). Triangles indicate seismological stations belonging to the Hellenic Unified

Seismological Network

The focal mechanisms resolved at SL-NKUA (Fig. 2) indicate low-angle strike-slip faulting near
Zakynthos, transitioning to strike-slip on steeper faults to the north (CLTFZ), western
Peloponnese and SE of Amvrakikos gulf while reverse faulting is observed in the seismicity near
Parga and NW of Paxos Island. Strike-slip focal mechanisms were also detected in a few
earthquakes that occurred near Chalandritsa fault, where a short-lived swarm had occurred in
2008, with two M\,=4.5-4.6 events of similar faulting type on 4 February 2008. Normal faulting
is dominant for the seismicity in the gulf of Corinth, Attica and Saronikos gulf.
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Figure 2. Focal mechanisms determined of earthquakes that occurred during the period 2019 —
25 November 2020 in Central Greece, determined by SL-NKUA. Lines denote active faults.

Maps of the intensity of ground motion (ShakeMaps) are automatically created after the
occurrence of significant earthquakes and published at the web-site of the SL-NKUA. Some
examples are presented in Fig. 3 for the 30 March 2019 event near Eratini, W.Corinth
(http://www.geophysics.geol.uoa.gr/stations/gmaps3/eventpage leaf.php?scid=nkua2019gfpp
&lIng=en) and the 19 July 2019 earthquakes in Parnitha Mt.
(http://www.geophysics.geol.uoa.gr/stations/gmaps3/eventpage leaf.php?scid=nkua2019oali

&lIng=en).
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Figure 3. ShakeMaps depicting the intensity of the My=5.2 event occurring on 30 March 2019
near Eratini (left) and the M=5.1 earthquake occurred on 19 July 2019 at Parnitha Mt (right).

The Laboratory of Geophysics has established in the area of Hellenic Supersite a permanent
GNSS station in the southern Cephalonia island in 2014, and several local benchmark GPS
networks. These local networks are covering the islands of Cephalonia, Ithaca and Zakynthos in
western Greece (est. 2001-2004), the Patras Gulf (est. 1994), the broader area of Athens (est.
2006) and the volcanic area of Methana, Aigina and Sousaki (south of Athens) (est. 2006). Each
of these networks consists of several benchmark that are measured periodically since the
establishment of the networks. Main scope of the networks is to study pre- co- and post-
seismic deformation in the tectonical active area of Hellenic Super site and to monitor volcanic
activity in the area of Methana peninsula.
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Figure 4. The local GPS networks and the permanent GNSS sites (red squares) established by
NKUA in Western Greece

Figure 5. Ground deformation in Cephalonia Island deduced by GPS measurements during the
seismic activity of 2014-2015.

Together with the local benchmark GPS networks, GNSS data from continuous stations in the
broader area of Hellenic Supersite are processed on a daily basis (using Bernese v5.2 GNSS s/w)
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in order to monitor the daily ground motion of the area and compose time series of the
coordinates of the stations.

Except the permanent GNSS stations that are established from NKUA, the rest of the
permanent GNSS stations that are processed belong to National Observatory of Athens
(http://geodesy.gein.noa.gr:8000/nginfo/) , to Corinth Rift Laboratory
(https://nfo.crlab.eu/category/gnss) and a private company (Metrica SA) that provide NKUA
data for research.

Figure 6. Permanent GNSS sites in the broader area of Hellenic supersite that are processed on
daily basis by the Geophysical Laboratory NKUA
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Figure 7. Time series for the three components of the daily solutions, spanning from January
2015 to March 2020, for the continuous GNSS station in the Lygourio (LYGO) area, west of
Methana peninsula.

The following section describes research results from HCMR.

Since mid 2020 HCMR, in collaboration with the University of Bergen and other international
institutes, runs the DEEPRIFT project that is funded by the Norwegian Research Council. The
first research cruise of the project took place in late October — early November 2020, on board
R/V AEGAEO in the Gulf of Corinth. The project aims to build on the new information and
knowledge gained by the IODP 381 Drilling Expedition in the Gulf of Corinth that took place in
2017. The project’s cruise included acquisition of new, high resolution swath bathymetry data
and seismic profiles across the basin and slopes of the Gulf. Processing and interpretation of
the bathymetric and seismic data has just begun. The spatial extend of the swath bathymetry
data acquired during the cruise is presented in Fig. 8.
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Figure 8. Spatial coverage of new swath bathymetry data acquired during the Oct.-Nov. 2020
DeepRift cruise on board R/V AEGAEO in the Gulf of Corinth.

The following section describes research results from EPPO-Research Unit ITSAK/Structural
Division

The building stock at the European cities is composed by ageing and high energy consumption
structures. Additionally this structural infrastructure is vulnerable to earthquakes. For example
the building stock in European Union (EU) was constructed before the 1990 at a percentage
more than 75%. The buildings in EU that are located in seismic regions and designed with
inferior safety requirements are 40%. Additionally the buildings in seismic regions that need
both energy and seismic retrofit are 65%. Since the EU Policy Goals include “Green Transition +
Risk Reduction + Industrial Strategy + Action on Cultural Heritage” results significant need for
Pilot Projects with integrated techniques for the seismic strengthening and energy efficiency of
existing buildings. Within the area of Hellenic Supersite specific studies were applied in the field
of seismic and energy retrofit of buildings. The target buildings are three newer heritage
monuments that are located in Athens. More specific these buildings are: 1) A school complex,
with masonry load-bearing walls (picture 1, annex). Two buildings, a two stories and a one
storey building consist the school complex. The buildings were constructed at the late 19t
century and are located at Plaka area into the historic center of Athens. The floors are wooden
and at the tops there are roofs with wooden trusses and tiles. 2) A school complex with three
wings (picture 2, annex). These buildings were constructed with mixt system of load bearing
walls and reinforced concrete frames. At the levels of floors there are reinforced concrete
plates. 3) A cinema — café that is a one storey building with reinforced concrete frames and
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plate. The restoration measures that were approved include lime mortar injections inside the
walls together with the replacement of old mortar with lime-based mortar between the stone
joints. Layers of GFRP net fabrics were applied at the inner and outer faces of the masonry
walls. The top wooden roofs were replaced with compatible wooden elements. In concrete
elements the interventions included the use of FRP laminates for the strengthening of the
plates and the beams as well as FRP fabrics for the strengthening of the walls. Especially at the
cinema — café were additionally added reinforced concrete walls at the RC frames. The above
mentioned interventions were applied together with the necessary interventions for energy
retrofit.
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Ongoing Research projects

Spaceborne SAR Interferometry as a noninvasive tool to assess the vulnerability over cultural heritage
sites, Bilateral Greece-China research project, (General Secretariat Research and Technology, 2019-
2021).

Spatio-temporal assessment of land deformation, as a factor contributing to relative sea level rise, in
coastal urban and natural protected areas using space-based Earth observation data (2018-2020,
Partnership Agreement 2014-2020, Hellenic Republic-E.U.)

Space for Shore (ESA, ITT Coastal Erosion, 2019-2021)

“Telemachus” An innovative operational project on seismic risk management issues in the lonian Islands
(Region of lonian Islands, 2019-2021)

“Laertis” Innovative Risk Management System in the Region of lonian Islands (Region of lonian Illsands

2019 —2021)

Research products

Type of product Product provider \How to access Type of access \
Focal Mechanism Seismological Laboratory  http.//www.geophysics.geol.uoa.gr/ Public
Catalogues NKUA
Shakemaps Seismological Laboratory  http.//www.geophysics.geol.uoa.gr/ Public
NKUA
Hellenic Macroseismic Seismological Laboratory  http.//macroseismology.geol.uoa.gr/ Public
Database NKUA
Seismotectonic Atlas of  Seismological Laboratory  http.//www.geophysics.geol.uoa.gr/atl  Public
Greece NKUA as.html
Real Time Seismicity Seismological Laboratory  http://195.134.86.108:8080/geoserver  Public

NKUA /supersite/wms ?service=WMS
Ground Deformation V. Sakkas limited to GSNL
Time Series from GNSS scientists
data
Velocity Vectors from V. Sakkas limited to GSNL

GPS benchmark sites

scientists, and
public

Ground deformation
time series for Kythira
island (Attica)

Alatza, S., Papoutsis, .,
Paradissis, D., Kontoes,
C., Papadopoulos, G.,
and Raptakis, C.

Doi: 10.3390/geosciences10080293

E.g. public,
registered, limited
to GSNL scientists,
etc.

Co-seismic
nterferogram and
displacement map of
the October 25, 2018,
Zakynthos earthquake

Alatza Stavroula

Time series

Nick Flokos

Available to GSNL
scientists
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Shapefiles

Nick Flokos

Available to GSNL
scientists

StrainTool (open source
sw)

Dimitrios Anastasiou,
Xanthos Papanikolaou

(https://github.com/DSOlab/StrainToo
)

Available to GSNL
scientists to any
interested parties

Spatio-Temporal
Assessment of Land
Deformation as a Factor
Contributing to Relative
Sea Level Rise in Coastal
Urban and Natural
Protected Areas Using
Multi-Source Earth
Observation Data

Elias, P.; Benekos, G.;

Perrou, T.; Parcharidis, I.

https://doi.org/10.3390/rs12142296

public

Copernicus Sentinel- Gatsios T., Cigna F., https://doi.org/10.3390/app10186445  public ...
1MT-InSAR, GNSS and Tapete D., Sakkas V.,

Seismic Monitoring of Pavlou K., Parcharidis I.

Deformation Patterns

and Trends at the

Methana Volcano,

Greece

Copernicus Sentinel- Gatsios T., Cigna F., https://doi.org/10.3390/app10186445 public ...
1MT-InSAR, GNSS and Tapete D., Sakkas V.,

Seismic Monitoring of Pavlou K., Parcharidis I.

Deformation Patterns

and Trends at the

Methana Volcano,

Greece

Copernicus Sentinel- Gatsios T., Cigna F., https://doi.org/10.3390/app10186445 public...
1MT-InSAR, GNSS and Tapete D., Sakkas V.,

Seismic Monitoring of Pavlou K., Parcharidis I.

Deformation Patterns

and Trends at the

Methana Volcano,

Greece

Copernicus Sentinel- Gatsios T., Cigna F., https://doi.org/10.3390/app10186445 public ...
1MT-InSAR, GNSS and Tapete D., Sakkas V.,

Seismic Monitoring of Pavlou K., Parcharidis I.

Deformation Patterns

and Trends at the

Methana Volcano,

Greece

Ground Subsidence Kaitantzian A., https://doi.org/10.1155/2020/889690  public
Triggered by the Loupasakis C., 7

Overexploitation of Tzampoglou P.,

Aquifers Affecting Parcharidis I.

Urban Sites: The Case of

Athens Coastal Zone

along Faliro Bay

(Greece)

Detecting subsidence Krassakis, P., Kazana, S., doi:10.1080/10106049.2019.1622601 limited

spatial risk distribution
of ground deformation

Chen, F., Koukouzas N.,
Parcharidis, I., Lekkas, E
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induced by urban
hidden streams(Athens)

Spatiotemporal Papadopoulos, A., DOI: 10.1080/01431161.2019.1591646  limited
evolution of the Parcharidis, I., Elias, P.,

deformation around the Briole, P.

Rio-Patras fault

(Greece) observed by

synthetic aperture

radar interferometry

from 1993 to 2017

Bathymetry of the Gulf  Dimitris sakellariou https.//webgis.hcmr.qr/server/services  public

of Corinth HCMR /WMS/Bathymetry WMS/MapServer/
WMSServer

Vegetation indices of Team of Dr. Manakos http://eoservices.iti.gr/vegetation_indi  public

Zakynthos Island CERTH ces.php?area=16

Inundation maps of Team of Dr. Manakos http://eoservices.iti.gr/inundation_ma  public

Zakynthos Island CERTH ps.php?rarea=16

Enceladus Supersite Geosystems Hellas SA https://greeksupersite.eu/ public

web site

ShakeMap services Earthquake Planning & http://shakemaps.itsak.qr/ public

Protection Organisation
Research Unit (ITSAK)

GIS Hellenic Earthquake Planning & http://ghead.itsak.qgr/map/ public
Accelerograms Protection Organisation

Database - GHEAD Research Unit (ITSAK)

Three analytical models  Thomas Salonikios Not available yet Upon request
of monumental Earthquake Planning &

buildings with energy Protection Organisation

and seismic retrofit Research Unit (ITSAK)

Research product issues

Products open to other scientists have been produced using ERS1 & 2, ENVISAT and Sentinel 1
A& B, Sentinel 2 A & B. There are two excel files, one for each constellation of Sentinels
mission. The ascending and descending passes of the satellite were processed using
GAMMA/IPTA suite, SARPROZ (restricted in time licence) and SNAP. Actually we are using also
SARSCAPE s/w for SBAS and PSI.

Sentinel 3A and 3B datasets were processed in order to produce a new set for easy access by
any user. There are two excel files, one for each constellation of Sentinels 3 mission. Each excel
file contains information on the:

e date

e coordinates of the measurements (lat, lon using WGS ’84 as datum)

e Sea Level Anomaly (SLA)

e Sea Surface Height (SSH)

e Mean Sea Surface (model DTU18)

e Sea State Bias correction.
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The ascending and descending passes of the satellite were processed and contained in the excel
files in different sheets.

6. Dissemination and outreach

In the 15 International Congress of the Geological Society of Greece (22-24 May 2019), a
special session was dedicated to Supersites initiative and in particular, Enceladus Supersite
titled “The Geohazard supersites initiative with emphasis on the Greek supersite (Enceladus)”
(http://www.geosociety.gr/index.php?lang=en ) with invited speaker Dr Stefano Salvi.
Unfortunately, in 2020 due to the restrictions of COVID-19 pandemic, the consortium of the
Supersite did not have the opportunity to organise any other dissemination activity, besides
publications.

7. Funding

a) Research in Kythira island was supported by Next Generation GEOSS for Innovation Business
(NextGEOSS), European Commission, grant agreement ID 730329 and “HELPOS—Hellenic
Plate Observing System” (MIS 5002697), which is implemented under the Action
“Reinforcement of the Research and Innovation Infrastructure”, funded by the Operational
Programme “Competitiveness, Entrepreneurship and Innovation” (NSRF 2014—-2020) and co-
financed by Greece and the European Union (European Regional Development Fund).

b) Research in the development of the software named “StrainTool” that enables strain tensor
parameter estimation via a list of input velocities (https://github.com/DSOlab/StrainTool)
was supported by a EU H2020 project N° 676564.

c) On-going projects of HUA :

e Spaceborne SAR Interferometry as a noninvasive tool to assess the vulnerability over
cultural heritage sites, Bilateral Greece-China research project, (General Secretariat
Research and Technology, 2019-2021).

e Spatio-temporal assessment of land deformation, as a factor contributing to relative sea
level rise, in coastal urban and natural protected areas using space-based Earth
observation data (2018-2020, Partnership Agreement 2014-2020, Hellenic Republic-
E.U.)

e Space for Shore (ESA, ITT Coastal Erosion, 2019-2021)

e “Telemachus” An innovative operational project on seismic risk management issues in
the lonian Islands (Region of lonian Islands, 2019-2021)

e “Laertis” Innovative Risk Management System in the Region of lonian Islands (Region of
lonian Islands 2019 — 2021)
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d) On-going projects of HCMR : “DeepRift”: Rift and rifted margin deep-water depositional
systems (Gulf of Corinth): Application to Late Jurassic — Early Cretaceous rifting on the
Norwegian Continental Shelf (Norwegian Research Council, 2020-2022)

8. Stakeholders interaction and societal benefits

E.P.P.O. is responsible for the design and implementation of the earthquake national policy
during the pre-seismic (ex ante), seismic (on going) & post-seismic (ex post) phases. As
Enceladus Supersite initiative develops innovative methods for earthquake hazard and risk
assessment, EPPO works in close collaboration with the General Secretariat of Civil Protection
of Greece (GSCP) to transmit any information related to seismic hazard and risk assessment
within the Supersite area. More specifically, EPPO is now collaborating with the responsible in
GSCP of Sendai Framework for Disaster Risk Reduction about the Supersite web site data
format needed by GSCP for its contingency plans in case of a strong earthquake.

9. Conclusive remarks and suggestions for improvement

Despite the restrictions of Covid-19 pandemic, the Enceladus Supersite initiative enabled us to
comprehensively study the most seismically active area in Europe using a multidisciplinary
approach. Joint interpretation of satellite and in-situ data (seismic, GNSS) is now much easier
and new interpretations of fault kinematics and local deformations in the cities could now be
carried out. As a result, the areas with a high seismic hazard and risk could be delimited and the
corresponding Civil Protection mitigation plans could be updated or improved according to
Sendai Framework for Disaster Risk Reduction.

However, to improve its activities Enceladus Supersite needs manpower and systematic
funding. As already mentioned, the Central lonian Island and the western Gulf of Corinth are
covered by a dense seismological network in contrast with the Eastern Gulf of Corinth and
Attica where the recent important seismic activity (Athens, 2019) revealed the lack of the
adequate number of stations. Consequently, the number of recording stations must be
increased regarding both seismological and GNSS to reach the desired accuracy, which is
required for the Metropolitan area of Athens.

There is a poor archive dataset of high resolution (stripmap) SAR scenes over the supersite
area, except for Athens area.

What is more, there is limited publicity of the Supersite activities besides the immediate users.
It is recommended to have a strategic plan for publicity and dissemination activities.

10. Dissemination material for CEOS (discretionary)

See Research results section
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11. Annex

General Finite Element, analytical models of the two school complex.

Picture 1. School complex at Plaka, Athens.
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Picture 2. School complex at the center of Athens. Sina Street.
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