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Abstract: A ten-year complete seismological database is evaluated in the present work. These data
are provided for events with magnitude ML ≥ 1.0, which have occurred in Eastern Greece and,
more specifically, in Kos Island. Several selection criteria are applied and, hence, a catalog of the
seismological records is compiled. Detailed big data (seismological, tide gauge, geodetic stations,
accelerometers, etc.) of this region are used and processed in this work. The database consists of
approximately 35,000 three-component broadband seismograms from 1198 digitally recorded events.
It covers the last ten years of measurements, including records from the 20 July 2017, ML 6.2, Kos
Island, Greece event. The seismological communities can either use this database to conduct new
research or improve already existing seismic hazard studies in the region.

Keywords: magnitudes; earthquakes; aftershocks; seismicity; big data; seismological data; catalog;
Greece; Kos Island

1. Introduction

In the broader area of Greece prevails a complex seismic tectonic regime characterized
mainly by the fault of Northern Anatolia [1–5] and from the Europe Africa subduction
zone [6,7] along the Greek arc [8–10]. This fact creates an intense deformation both along
these active zones and in the broader area, resulting in a significant number of small and
intermediate magnitude earthquakes.

The Aegean Sea is one of the most active and complicated parts of the western Alpine-
Himalayan belt [11] and suffers from large earthquakes, some of which have caused
destructive tsunamis [12–20].

The Aegean Sea Plate is a small tectonic plate located below southern Greece and
western Turkey in the eastern Mediterranean Sea. It borders to the north with the divergent
margin of the Eurasian plate (where the Gulf of Corinth is formed) and to the south of
Crete with the submergence zone of the African plate (which sinks below the Aegean).

The geodynamic behavior of the Aegean area during the Neogene Quaternary periods
was not only the result of the sinking of the African plate in the south of Crete and west
of the Peloponnese below the Aegean microplate but of other lateral trends as well. As
a consequence of these conditions, the Greek area went through several tectonic periods
of direct compression and tension resulting in the deposition of marine and terrestrial
sediments. Therefore, the tectonic activity in the Aegean area was complex, with rapid
phase alternations between compression and tension, and played the most crucial role in
the formation of the Aegean area as it appears today.

The island of Kos (Dodecanese) is located at the eastern end of the volcanic arc, with
geographical coordinatesϕ = 36.8829◦, λ = 27.2864◦. The geology of Kos Island was initially
described [21–23], then geological mapping of the island of Kos was performed [24].

In the last ten years, which is the main object of this work, a strong earthquake of
magnitude Mw = 6.6 occurred offshore, east of the island of Kos and south of the town
of Bodrum, SE Aegean Sea. According to the literature [25–27], this earthquake was the
largest since the catastrophic earthquake (600 injuries) that occurred in 1933 (Mw = 6.5)
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in the greater area of Kos. The Kos earthquake happened in predominantly extensional
tectonics as evidenced by the formation of Quaternary marine grabens, namely the NE–SW
Kos graben [28,29] and the east–west trending Gökova graben [30–33].

It is known that seismicity patterns include seismic sequence, foreshocks, swarms,
and aftershocks. In the past, many researchers, both from Greece and abroad, have created
catalogs of earthquakes [34–39]. It is the first time that an attempt has been made to produce
a 10-year catalog using homogeneously seismological data as well as data from a strong
motion network. This study processes big seismological data in the area of the island of
Kos in the Eastern Aegean (36.6574◦ < Lat < 37.0902◦ and 26.8533 < Lon < 29.9025◦). These
results can help researchers to understand the earthquake’s seismogenic structure and
provide great, useful basic information for further specific studies and hazard assessment.

The Hellenic Unified Seismological Network (HUSN) started operations at the be-
ginning of 2005. This project was completed at the end of 2007 and at the beginning of
2008 began to give the first results. The HUSN consists mainly of the Institute of Geody-
namics (IG)-National Observatory of Athens [40] and the Seismological Laboratories of
three Universities: the Geophysics department–Geothermics belonging to the National
and Kapodistrian University of Athens [41] the department of Geophysics of the A.U.Th.
Seismological Network, belonging to the Aristotle University of Thessaloniki [42]; the
Patras Seismological Laboratory [43] belonging to the Department of Geology, University
of Patras. The HUSN is in charge of recording, processing, and storing all seismological
records for academic and research purposes. At present, the network consists of 164 seis-
mological stations: more specifically, 56 belong to the National Observatory of Athens,
52 to the Seismological Laboratory of the A.U.Th. Seismological Network, 26 to Patras
Seismological Laboratory, and the last 30 to the Seismological Laboratory of the University
of Athens.

The time-span of the database provided in this article ranges from 2010 to 2020. The
main purpose of this study is to give an overview of the database to provide easy access to
it and, therefore, expand its use in research. It is the first time that such a 10-year period
analysis with the latest state-of-the-art software has been applied in Greece.

2. Dataset and Data Processing

Earthquakes are generally divided into shallow, intermediate, and deep according
to the value of depth. In Greece, most earthquakes are classified as shallow earthquakes
except those occurring in the Eastern Crete region, Karpathos and Rodos.

The data of the seismic sequences under study were selected based on the follow-
ing criteria:

• the data belong to the area of the Eastern part of Greece,
• the time window is defined for the time period 2010–2020,
• shallow mainshocks and a rich aftershock sequence,
• according to the study [39], aftershocks initially occur during the first days in the same

region where the mainshock occurs, and then can be expanded in a larger area.

The HUSN began in 2008. For the study area (Figure 1), 15 broadband stations were
equipped with three components seismometers; detailed information is presented in Table 1
and the characteristics of 17 stations from the Hellenic Strong Motion Network (HSMN) are
represented in Table 2. The geographical distribution of the stations appears in Figure 1.
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Table 1. Characteristics of the Seismological stations in the study area. Station coordinates are in decimal degrees and
elevation is in m. The first ten stations belong to the National Observatory of Athens network, while the last four to A.U.Th.
Seismological Network. Sources: [40,41].

Stations Latitude (◦) Longitude (◦) Elevation (m) Datalogger Seismometer

APE 37.0727 25.523 608 PS6-SC STS-2
ARG 36.2135 28.1212 148 DR24-SC LE-3D/20

KARP 35.5471 27.161 524 PS6-SC EpiSensor FBA
ES-T

KSL 36.1503 29.5856 64 PS6-SC CMG-3ESPC/60
LAST 35.162 25.478 870 PS6-SC CMG-40T/30
LIA 39.8972 25.1805 67 PS6-SC CMG-5TD

NISR 36.6106 27.1309 48 PS6-SC CMG-40T/30
PRK 39.2456 26.2649 130 EDR-209 STS-2
SMG 37.7042 26.8377 348 DR24-SC Trillium 120P

SMTH 40.4709 25.5305 365 PS6-SC CMG-3ESPC/60
ZKR 35.1147 26.217 270 PS6-SC STS-2

CHOS 38.3868 26.0506 854 CENTAUR T3P23

SIGR 39.2114 25.8553 92 T35012 CMG-
3ESP/100sec

LOS 39.933 25.0810◦ 460 S-13 TRIDENT
NIS1 36.6023 27.1782 378 T35362 CMG-3ESP/100

The seismological database we present has a total of approximately 35,000 three-
component broadband seismograms. They correspond to 1198 events from 2010 to 2020.
The database is updated with new events as they are triggered by the Seismological
Monitoring System. Nowadays, there is a total of 32 free-field stations. Each station
transmits real-time data to the corresponding partner servers in miniSEED format and
then transfers the data to the other institutes. When an earthquake is strong enough to
trigger 30 stations, the earthquake’s location (coordinates in WGS84 system), depth, and
magnitude are calculated automatically by at least three stations of the HUSN [40,42,44]. A
baseline correction is applied by removing the mean value. After tapering on both ends,
a second-order Butterworth band-pass filter is used. The SeisComp3 then processes the
source parameters, calculates peak values, and gathers station information to save data into
a list. The entire process is automatic; for that reason, the data is later inspected manually
to identify events with a low signal-to-noise ratio or processing issues. Records that are not
suitable are removed from the database. The magnitude used to characterize the database
is the local magnitude (ML). For this period, 1198 events with magnitude ML ≥ 1.0 were
recorded. An automated process originally obtained these events from SeisComp3. Further
processing was performed, and the revised solutions are shown in Figure 2.
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Table 2. Characteristics of stations belong to the Strong Motion Network in the study area. Station
coordinates are in decimal degrees, and elevation is in m. All the stations that appear on the table
belong to the National Observatory of Athens network. Sources: [45].

Stations Latitude (◦) Longitude (◦) Elevation (m) Sensor

SMTA 40.4709 25.5304 360 CMG-5TDE
LIAA 39.8972 25.1805 58 CMG-5TDE
PRKA 39.2456 26.2651 120 CMG-5TDE
MTLA 39.1042 26.5532 12 QDR
PSRA 38.5397 25.562 13 CMG-5TDE
CHIA 38.3713 26.1362 8 QDR
SAMA 37.7537 26.9806 16 CMG-5TDE
IKRA 37.6111 26.2928 30 CMG-5TDE
TNSA 37.5394 25.1631 21 CMG-5TDE

AMGA 36.8315 25.8938 300 CMG-5TDE
KLNA 36.957 26.9727 35 CMG-5TDE
NSRA 36.6106 27.1309 40 CMG-5TDE
ASTA 36.5454 26.3528 65 CMG-5TDE
THRA 36.415 25.4324 220 CMG-5TDE
RODB 36.4471 28.2211 26 CMG-5TDE
ARCA 36.2135 28.1214 177 QDR
EFSA 39.5401 24.9886 5 CMG-5TDE
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Figure 1. Station distribution for the HUSN for the studied region, Kos Island, Eastern part of Greece. Red lines correspond
to the main active faults for the study area [46]. Copernicus Land Monitoring Service used for DEM [47], while red dot lines
represent the volcanoes buffer 15 km region. Red triangles represent the seismological stations belonging to the National
Observatory of Athens Institute of Geodynamics [40], yellow triangles correspond to the seismological stations belong to
the A.U.Th. Seismological Network [42], and green squares represent the stations that belong to the Hellenic Strong Motion
Network [45].
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3. Statistical Analysis

The earthquake’s location, depth, and magnitude are calculated automatically by the
SeisComp3 [48,49]. The magnitude used to characterize this database is the local magnitude
(ML). Figure 3 shows the distribution of seismological recordings per year and Figure 4 the
number of records relative to the magnitude. The number has increased in recent years
because, at present, there are more stations.
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As shown in the diagram of Figure 3, most earthquakes (Nr = 536) were observed
in 2017 when the strong earthquake of ML 6.2 occurred. In Figure 4, the distribution of
the number of events concerning their magnitude is presented. Here we can see that
most earthquakes were between 2.0 ≤ ML < 3.0, and a significant number were between
3.0 ≤ ML < 4.0.

Table 3 shows a statistical summary of the number of records per different ranges of
magnitude and depth. As we can observe from the table, the depth of most earthquakes
was estimated between 10 and 20 km for magnitudes 2.0 ≤ ML < 4.0. For less than 40 events
(Nr = 37), the depth was initially calculated to be greater than 50 km. The majority of
earthquakes (Nr = 1.010) that occurred within this period had a depth between 5 and 20 km,
which is in good agreement with the results of other works [50,51].

Table 3. Magnitude, Depth Statistics for the Entire Database (Number and Percentage of Three-Component Records per
Interval).

Magnitude ML Depth (km)

d ≤ 10 10 < d ≤ 20 20 < d ≤ 30 30 < d ≤ 50 50 < d ≤ 70 d > 70

Total 156 (13.02%) 563 (46.99%) 291 (24.29%) 151 (12.60%) 13 (1.08%) 24 (2.0%)
1.0 ≤ M < 2.0 1 (0.0008%) 13 (1.08%) 7 (0.58%) 1 (0.0008%) 0 0
2.0 ≤ M < 3.0 51 (4.25%) 293 (24.45%) 186 (15.52%) 96 (8.01%) 8 (0.66%) 8 (0.66%)
3.0 ≤ M < 4.0 89 (7.42%) 243 (20.28%) 93 (7.76%) 50 (4.17%) 5 (0.41%) 11 (0.91%)
4.0 ≤ M < 5.0 14 (1.16%) 13 (1.08%) 5 (0.41%) 4 (0.33%) 0 4 (0.33%)
5.0 ≤ M < 6.0 1 (0.0008%) 0 0 0 0 1 (0.0008)
6.0 ≤ M < 7.0 0 1 (0.0008%) 0 0 0 0

In Figure 5, we can observe the distribution of the magnitude of earthquakes as a
function of depth. In this diagram, it is observed that the depths range mainly between
5 and 40 km, including the largest earthquake of the last decade that occurred on 20 July
2017, ML 6.2.
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Figure 6 shows the relation time in years versus hypocentral distance from Kos Island.
The hypocentral distance for the events in the database ranges mainly from 5 to 50 km. The
locations refer to the events in the studied time interval hypocenter in km. The time scale is
on the Y-axis. Different colors indicate the corresponding period of the located seismicity.
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Figure 7 represents the relation time in years versus the magnitudes of the event that
occurred in the regional area of Kos Island. It is observed that in the beginning of the year
2010, the minimum magnitude of earthquakes (Mc) that were recorded was much higher
(M > 2.7) compared to the magnitudes (M > 1.5) recorded in the following years. This value
of the variable is changeable over time and space. As seismic monitoring stations are added
or removed, our ability to reliably detect small earthquakes changes. Closer positioned
stations allow the detection of small earthquakes and, thus, lower Mc. The removal of a
station lowers our ability to detect smaller events and increases Mc. Another contributing
factor is the rate of earthquakes. For example, early in a post-earthquake sequence, there
are often too many overlapping earthquakes. It is difficult to separate many events and
to find reliable, small events. Over time, the sequence slows down and individual events
become more easily detectable.
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Thus, it is obvious that for the study of the specific area, especially in the first years of
HUSN operation where there was no dense network of seismographs, it would be expected
for the values of magnitudes to be higher. From 2011, more permanent stations and a
portable network of seismographs were installed (e.g., after strong earthquakes such as in
2017 where the MC > 1.3.)

4. Discussions and Conclusions

The service to monitor seismicity in Greece and the adjacent region started in 1893
with the first seismic network operating five stations. In 2000, an extensive upgrade
towards digital monitoring with broadband stations was initiated. Today, the Hellenic
Unified Seismic Network (HUSN), with NOA-IG as coordinator and members of the three
University Seismic Networks (Athens, Thessaloniki, and Patras), makes data available at
NOA-IG in near real-time waveform data exchange with more than 150 stations.

In this study, an attempt was made to create a database of seismological and geo-
physical data that covers the seismicity of the last 10 years in the region of the Eastern
Aegean and, more specifically, near Kos Island, including the strong event of 20 July 2017,
ML 6.2. Statistical analysis was performed for a list of 1198 seismic data, which included
two significant earthquakes, the first on 16 July 2010, ML 5.1, and the second on 20 July
2017, ML 6.2.

The database presented in this article contains approximately 35.000 three-component
broadband seismograms from 1198 digitally recorded events. The spatio-temporal distribu-
tion is determined in the last ten years for the area of Kos Island, Greece. Data will continue
to be added as new events are recorded by the HUS Network. The database and the catalog
with the metadata will help develop recent seismic hazard studies for the region or update
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the current database. The period for the database provided in this article ranges from 2010
to 2020.

The main task of this study was to create a complete list of seismological data for the
10 last years to make a detailed statistical analysis of them. From the analysis, we conclude
the following:

• The maximum number of seismological recordings was observed in 2017 (Nr = 536)
and specifically after the earthquake that happened on 20 July 2017, ML 6.2.

• The vast majority of earthquakes are comprised between magnitudes 2.0 ≤ ML <3.0
(Nr = 641) and 2.0 ≤ ML < 4.0 (Nr = 1132).

• The distribution of magnitudes depending on the depth of the earthquakes ranges
was between 5 and 40 km. In 306 events, with a magnitude between 1.0 ≤ ML < 3.0,
the depth was calculated between 10 and 20 km, while for several events, Nr = 336,
whose magnitude was determined between 3.0 ≤ ML < 4.0, the depth was calculated
between 10 and 30 km.

• There were a total of 1130 earthquakes estimated with maximum hypocentral distances
of 50 km from Kos Island.

• From 2011 to 2016, the distances of earthquakes concerning the middle of Kos ranged
between 10 and 30 km; then there was a shift of the epicenters, mainly in 2017, due to
the strong earthquake, while, from 2018 and then in the following years, there was a
shift again to the initial distances.

• For the year 2010, there were only 91 earthquakes with magnitudes ML ≥ 2.7 in
contrast to the following years in which there was an increase in both the number of
earthquakes and the density of magnitudes. This can be justified by the increase in
stations in the network.

• The error depth for shallow events was ~1 km, while for depth events the error varied
between 1 km < depth < 3 km. The depth error depends on various factors such as the
software used, the velocity model, the number of the available stations, the azimuth
distribution of the existing stations, and the ability of the analyst, etc.

• From 2010 onwards, there was a gradual lower distance of the epicenters from the
island of Kos. More specifically, in 2010, the epicentral distances were at 100 km, while
in 2017, the earthquake (ML 6.2) was observed with epicenters up to 45 km. This
partially confirms the study [52] regarding the Mogi [53] doughnut but needs further
analysis to confirm this.

• The magnitude of completeness (Mc) in a database, such as that considered for the East-
ern Aegean region, is generally much higher than in other areas (e.g., the Corinthian
Gulf). This is mainly due to the large extent of the sparse coverage of the stations. It is
essential to understand that we may not detect so many small earthquakes due to a
lack of equipment instead of earthquakes.

5. Data and Resources

The catalog is available at the website [40]. A table with the site conditions of each
seismological station is available at [54], while for the stations from the Hellenic Strong
Motion Network (HSMN), the site conditions can be found here [45]. To request the
database of seismological data, please access the website [55] and fill out the form, while
for the strong motion data, please visit the website [56]. All websites were last accessed in
November 2021.
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