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ABSTRACT

Seismicity catalogs are the most important product of seismic network operating centers,
especially for the earthquake hazard studies. Understanding the nature of regional
catalogues has primary importance in shedding light on statistical parameters of the
seismicity behavior of that given region. It is a well-known fact that artificial effects exist in the
regional catalogues. Precisely determined earthquake parameters are important not only for
understanding the seismicity and seismotectonics of a region, but also for providing an
accurate estimation of the seismic hazard and risk parameters. In this study, we present an
evaluation of the Kandilli Observatory and Earthquake Research Institute (KOERI) - Regional
Earthquake Tsunami Monitoring Center (RETMC) seismicity catalog for the time duration of
2013 — 2017. We mapped the magnitude of completeness, Mc, for Turkey for the RETMC
catalog. We compared the results with the Mc values of different local

earthquake sequences in the region, by also considering the variations of Mc with time.
Results of the study will be a reference guide for researchers who benefit from
RETMC-KOERI data.

Keywords: Earthquake, Seismicity, Seismic Network, Catalogue, Turkey.
https://doi.org/10.17824/yerbilimleri.500472

M M. Didem CAMBAZ didem.samut@boun.edu.tr

A RETMC, Kandilli Obs. and Earthg. Res. Ins., Bogazigi Uni., Cengelkdy, istanbul, Turkey, ORCID 0000-0001-5395-2388, didem.samut@boun.edu.tr,

B RETMC, Kandilli Obs. and Earthg. Res. Ins., Bogazigi Uni., Cengelkdy, istanbul, Turkey, ORCID 0000-0003-4612-7421, fatih.turhan@boun.edu.tr,

¢ RETMC, Kandilli Obs. and Earthq. Res. Ins., Bogazici Uni., Cengelkdy, Istanbul, Turkey, ORCID 0000-0002-1717-6059, mehmety@boun.edu.tr,

® RETMC, Kandilli Obs. and Earthq. Res. Ins., Bogazici Uni., Cengelkdy, istanbul, Turkey, ORCID 0000-0001-9292-7150, kekovali@boun.edu.tr,

E RETMC, Kandilli Obs. and Earthq. Res. Ins., Bogazigi Uni., Gengelkdy, istanbul, Turkey, ORCID 0000-0002-7211-8564, ocal.necmioglu@boun.edu.tr,
F RETMC, Kandilli Obs. and Earthq. Res. Ins., Bogazici Uni., Cengelkdy, Istanbul, Turkey, ORCID 0000-0002-4888-3311, kalafato@boun.edu.tr.



Cambaz et al. / Yerbilimleri, 2019, 40 (1), 110-135, DOI:10.17824/yerbilimleri.500472
0z

Sismik kataloglar ézellikle deprem zarari ¢aligmalarinda, sismik ag igleten merkezlerin en
6nemli drdnleridir. Bblgesel deprem kataloglarinin dogasini anlamak o bdlgenin sismik
davranisinin istatistiksel parametrelerinin lzerine 1g1k tutmada birincil 6nemdedir. Zamanla
altyapinin degismesinden dolayi kataloglarda insan kaynakli homojensizligin ve yapay
etkilerin  bulundugu iyi bilinen bir durumdur. Hassas olarak belirlenen deprem
parametrelerinin sadece sismisite ve sismotektonigin anlagiimasinda degil, sismik tehlike ve
risk parametrelerinin hassas bir gekilde belirlenmesini saglamak igcin de &nemlidir. Bu
calismada, Kandilli Rasathanesi ve Deprem Arastirma Enstitiistii (KRDAE) Bdlgesel Deprem
— Tsunami lzleme ve Degerlendirme Merkezi (BDTIM) 2013-2017 yillari arasindaki
katalogunun degerlendiriimesi sunulmustur. BDTIM katalogunun tiim Tiirkiye icin bu
araliktaki tamamlilik magnitiidi (Magnitude of Completeness, Mc) belirlenmis, Mc degerinin
zamana bagli degisiklikleri de gbz éniinde bulundurularak diger lokal deprem dizilerindeki Mc
degerleri ile karsilastiriimistir. Calismanin sonuglari KRDAE-BDTIM verilerinden faydalanan

arastirmacilara bagsucu kaynagi olacaktir.

Anahtar Kelimeler: Deprem, sismisite, sismik ag, katalog, Tiirkiye.

INTRODUCTION

Three major structures dominate the active tectonics of Turkey: the Hellenic-Cyprus arc,
right-lateral North Anatolian Fault Zone and left-lateral East Anatolian Fault Zone. Anatolia is
extruded along these intra-continental strike-slip fault zones between the converging
Eurasian and Arabian plates. The western part of the Anatolian Plate is dominated by E-W
trending horst and graben structures (Stampfli, 2000). The Central Anatolia forms a broad
transitional tectonic zone between the extensional tectonic regime of the Western Anatolia
and the collision in Eastern Anatolia (Kogyigit et al., 2000). Turkey is surrounded by
seismically active boundaries and interactions with a variety of crustal types and tectonic
styles. As a result of continuous intense deformation the region comprised of diverse

structures, such as suture zones, metamorphic core complexes and young orogeneses. High
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topography in the Eastern Anatolia, with an elevation of 1.5 km in more than half of the
region, resulting from the collision of Arabian plate with Eurasia, and relatively low
topography in the Western Anatolia with extension due to the subduction indicates significant
variations in the crustal structures (Yilmaz et al., 1987) (Figure 1).

Western Turkey and surrounding regions form one of the most seismically active regions in
the world. Seismicity in Turkey and surrounding regions is monitored by a number of different
universities and institutes. However, seismology department of KOERI, RETMC with its
recent  name, with  the network  code KO (FDSN Network  Code:
https://doi.org/10.7914/SN/KO), has a long history. It is the oldest seismological observation
center in Turkey recording, locating and archiving the earthquakes, 24/7 (Louderback, 1948;
Fettahoglu, 2012; Kalafat et al., 2017). Since 2017, RETMC is also accredited as the
Tsunami Service Provider of ICG/INEAMTWS, covering Eastern Mediterranean, Aegean,
Marmara and Black Seas.

Eastern Mediterranean, Aegean and Black Sea regions have been impacted by tsunamis in
the past, as covered by various detailed publications (Altinok and Ersoy, 2000; Altinok et al.,
2011; Ambraseys, 2009; Soloviev, 2000). Various deterministic modeling studies (Lorito et al.,
2007; Necmioglu and Ozel, 2015, Tinti et al., 2005; Yalciner et al., 2009; Yolsal-Cevikbilen
and Taymaz, 2012) confirm that these regions are prone to tsunami hazard and risk, despite
having a lower recurrence rates in comparison to other parts of the world, such as Pacific and
Indian oceans.

After the catastrophic Erzincan earthquake in 1939, extraordinary sea disturbances were
seen in several parts of Black Sea, where the sea receded in Fatsa about 50 m and then
advanced 20 m. In Unye, the sea receded about 100 m, and in Ordu about 15 m. The initial
rise of the sea level was recorded at 6 tidal stations on the northern coast of the Black Sea

(Altinok et al., 2011).
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The tsunami generated by the 20 July 2017 Mw of 6.6 earthquake near Bodrum, Turkey, was
a real test for KOERI’'s operational tsunami warning system (Haidarzadeh et al., 2017).
Based on the field surveys by Yalginer et al. (2017), a moderate tsunami was generated
following the 20 July 2017 Mw of 6.6 earthquake reaching a maximum run-up of 1.9 m along
a dry stream at Gumbet Bay (West of Bodrum, Turkey) and producing an average run-up of ~
0.6 m in the near-field around the city of Bodrum which flooded many nearshore restaurants
and damaged boats mainly in the Gumbet Bay. A maximum run-up of 1.5 m was observed in
Kos Island.

In addition to earthquakes as tsunami sources, massive land movements, such as the
Santorini event around 1600 BC, or the Fatsa tsunami triggered by the Erzincan (Turkey)
earthquake in 1939 give a clear indication that the entire Eastern Mediterranean and its
connected marine regions are prone to tsunami events (Necmioglu and Ozel, 2015).

The 150™ anniversary of KOERI is celebrated in 2018 and up to today numerous scientific
papers have benefitted from the data and catalog of RETMC (Tan et al., 2008; Konstantinos
et al, 2013; Cambaz and Mutlu, 2015; Kalafat et al., 2003, 2006, 2009, 2011; Kadirioglu et al,
2016; Lu et al., 2018). However, there is a lack of studies documenting the homogeneity and
completeness of the data set for the RETMC catalog. Seismic networks evolve, change staff,
software and hardware in time. When dealing with a catalog, it is important to know the
changes in the catalog, if the interesting patterns in the catalog reflect network changes
rather than changes in the Earth (Wiemer, 2001). Artificial contaminations and heterogeneity
reports are present in all earthquake catalogs and most of the time they introduce errors in
statistical analyses of the seismicity (Gulia et al, 2012). Main motivation of this study is to
address this deficiency and review the network and catalog status of RETMC while
investigating the inhomogeneities, artifacts and biases that may deflect research based on

this catalog.
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DATA AND METHOD

Network Development of RETMC

The historical development of the permanent seismological station installation in RETMC has
a long history. Earthquake observations of KOERI date back to the devastating 1894 Istanbul
earthquake. Giovanni Agamennone went to istanbul with the invitation of Ottoman Empire in
1895 to study the 1894 earthquake in the Marmara region, and remained two years to install
two seismographs in a specially constructed housing, and to instruct some young men in
seismometry (Louderback, 1948; Fettahoglu, 2012). After that, the first mechanical station
was a Mainka seismograph installed in Istanbul Kandilli in 1938 (Station Code: ISK), by the
government of the Republic of Turkey (http://www.isc.ac.uk/cgi-bin/stations?stacode=ISK).
RETMC’s stations started to be a network in the early 1970’s. In 1980’s MARNET radio-
linked stations started being installed in the Marmara region. The first broadband seismic
station (Station Code: ISP) was installed in 1996 together with the global seismological
broad-band network operated by the German GeoForschungs Zentrum (GFZ) GEOFON
(http://geofon.gfz-potsdam.de/doi/network/GE). Installations of broadband stations continued
in 2000’s in Edirne (EDRB), Van (VANB), Balikesir (BALB) and all over Turkey. Advances in
telecommunication infrastructure technology enabled the transition from leased telephone
lines to real time satellite data transfer. The transition from short period stations to broadband
stations happened during the same times. Operation procedures were also changed in the
meantime. The number of stations increased drastically after the devastating izmit
earthquake (M7.4) in 1999. 2000’s was a turning point in the operational system in RETMC in
every sense. With the number of stations increasing year by year, it reached the present day

amount consisting of 134 broadband, 93 strong motion and 14 short period sensors (Figure

1).
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Figure 1. Station distribution used in earthquake location from RETMC network (triangles)
and other stations from national and international agreements (reverse triangles) during

2013-2017. Gray shaded area shows the topography higher than 1.5 km.

Sekil 1. 2013-2017 yillar1 arasinda deprem lokasyonunda kullanilan, BDTIM agindan
(iggenler) ve ulusal ve uluslararasi anlagmall diger aglardan (ters (ggenler) olan
istasyonlarin dagilimi. Gri gélgelendirilmis alan yliksekligi 1.5 km Ulizerinde olan yerleri

gostermektedir.

Today RETMC is a 24/7 observation center receiving real-time waveform data from 220
national sensors consisting of Broadband (BB), Accelerometer (SM), Short-period (SP)
seismometers, along with the national and international seismic stations in the neighborhood
area with the bilateral agreements. RETMC network is using mostly the same type of
seismometers such as Giuralp CMG 3T (300 s and 120 s), CMG 40T (30 s), CMG 6T (30 s),
CMG 3ESPD (30 s) mainly recording at 100 sps. Relevant information on the equipment of
the KOERI network can be found on the web page of RETMC

(http://www.koeri.boun.edu.tr/sismo/2/tr/). The list of RETMC stations (App1), national and
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international seismic stations (App2) and the list of networks (App3) in this context, are

represented in the Appendix.

Seismicity Catalogue

RETMC monitors a large area in order to detect the earthquakes both on land and
surrounding seas within the area delineated by 30.00%-48.00°N, 22.00° — 44.00°E, for
detecting the potential tsunamigenic earthquakes in the region. Over 110.000 earthquakes
recorded in the last five years (01.01.2013-12.31.2017) in the region (Figure 2). Earthquake
data, such as phase arrival observations, are fed through zSacWin (Yilmazer, 2012), which is
a windows-based software providing easy usage of the routine earthquake location package
HYPO71 (Lee and Lahr, 1972). The basic criteria for processing an earthquake is picking
phases from minimum 3 stations, 5 phases with azimuthal gap smaller than 180°. The crustal
model of Kalafat et al., (1987) is used in zSacWin for the location of earthquakes (Table 1).
Early-est (Lomax and Michelini, 2012) and Seiscomp3 (Weber et al., 2007) are the automatic

earthquake solution software packages used in earthquake location and tsunami studies.

Depth (km)|  0.00 | 5.40 3160 | 89.20

Vp (km/s) 450 5.91 780 | 830

Table 1. One dimensional velocity model (Kalafat et al., 1987).
Cizelge1. Bir boyutlu hiz modeli (Kalafat vd., 1987).
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Figure 2. Seismicity map of the region with red dots representing the earthquakes recorded
between 01.01.2013-12.31.2017. Black rectangles labeled A, B, C, D, enclose A) Turkey and
surroundings B) Canakkale - Ayvacik C) Lesvos-Karaburun D) Bodrum regions, described
further in the text.

Sekil 2. Bblgenin sismisite haritasi; kirmizi noktalar 01.01.2013-12.31.2017 arasinda kayit
edilen depremleri gbsterir. Siyah A, B, C, D ile isaretlenmis dikdértgenler A) Tlirkiye ve etrafi,
B) Canakkale-Ayvacik C) Lesvos-Karaburun D) Bodrum civarindaki sismisiteyi gdésterir,

detayl bilgi metinin ilerleyen kisimlarinda yer almaktadir.

The history of RETMC seismic catalog dates back to 1900’s. However most of the
earthquake data were recorded as paper seismograms prior to 1976. Mb, Ml and Mw
magnitudes are given as reference for the important and widely felt earthquakes (Kalafat et
al.,, 2011). The operational procedures were changed following the improvements in

computational techniques after 2000’s. In this regard two milestones were: i) the transfer of
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locations from analog to digital data in 2000 and ii) the change of magnitude from duration
(Md) to local (M) in 2012.

The reported earthquake magnitude in RETMC catalog was the duration magnitude (Md) up
to the end of 2011 and local magnitudes (Ml) were used together with Md in 2012. Mainly
after 2013 just Ml was used in the whole catalog. After the end of 2015, moment magnitude
from spectrum (MwS) has been computed and added to the catalog for the earthquakes
M=3.0. In order to prevent any confusion and ensure the uniformity, in this study, we use the
seismic catalog beginning from 2013 up to the end of 2017 with local magnitude (MI) (Figure
2). Data from 2013 to 2017 have been used to compile the RETMC network earthquake
catalog in the region. Due to the high rates of seismicity along the North Anatolian Fault
Zone, the East Anatolian Fault Zone and the Hellenic arc, these features are more visible in
the map. High amount of quarry blasts occur in the area especially at midday time. These
events are removed from the seismicity map as a result of detailed study based on satellite
images, night and day time hours of the events, maximum peak amplitude ratio (S/P), power
ratio, and spectral amplitude ratio of the vertical component of the seismograms (Kekovall,

2009) (Figure 3).

In this study, in order to present the RETMC catalog performance we select 93303
earthquakes for the analysis in between the time period 01.01.2013-12.31.2017 and
coordinates (34.000-43.000N, 23.000 — 46.000E) presented in the Figure 2 enclosed by
region A. Figure 4-7 show the statistical analysis performed by using the ZMAP software

(Weimer, 2001). Figure 4 shows the time histogram of the
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Figure 3. Distribution of quarry blasts in the region depicted using the methodology proposed
by Kekovali et al. (2009).

Sekil 3. Bélgede Kekovali vd. (2009) tarafindan énerilen metot ile belirlenen tasocaklarinin

dagilimi.

earthquakes. The seismicity rate is mostly constant around 1000 per month in a routine time.
But the seismicity can also increase up to tenfold as seen after the large earthquakes that
occurred in 2017. This increase strongly indicates that there is not any homogeneous
distribution in the locations of earthquakes. Four moderate earthquakes of magnitudes
Mw=5.4, Mw=5.3, Mw=5.3 and Mw=5.2 occurred within a week in Canakkale in February
2017. These moderate earthquakes were followed by an intense aftershock activity in the
following months reaching up to thousands of earthquakes. Following these consecutive

events, Mw=6.3 Lesvos earthquake occurred in 12.06.2017. As a final event of these series
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Gokova earthquake Mw=6.6 occurred with an almost ten thousand earthquake activity
following the main shock.

Significant increases in the number of earthquakes can be traced in the magnitude histogram
of the catalog. Figure 5 presents the hour histogram of the catalog. The enhanced ratio (day
time - night time events) is generally the indicative of quarry blasts contamination that often
remain in the data regardless of the network operation efforts (Wiemer and Baer, 2000;
Wiemer, 2001). The decrease in daytime hours with respect to night time hours can be due to
the increased noise at the recording stations (Chouliaras, 2009). Although an analysis is
performed for the discrimination of events and quarry blasts, there is still an amount of
increase in the number of events in the midday time which may be an indicator of that the
quarry blasts are still leaking into the catalog. Figure 6 shows that most of the earthquakes
have depth values less than 30 km. Large amount of the earthquakes occur at depth ranges
of 5-20 km. Magnitude histogram in Figure 7 indicates that earthquakes close to magnitude
M=0 are detectable in the catalog. Figure 7 also shows that the magnitude of completeness

is generally M=2 for the catalog.
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Figure 4. Earthquake-time histogram. Figure 5. Earthquake-hour histogram.

Sekil 4. Deprem-zaman histogrami. Sekil 5. Deprem-saat histogrami.
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Figure 6. Earthquake-depth histogram. ? ’ Magritude. ’ ’

ekil 6. Deprem-derinlik histogrami.
Seki P it istogram Figure 7. Earthquake-magnitude histogram.

Sekil 7. Deprem-bliyliikliik histogrami.

Magnitude of Completeness

Magnitude of completeness (Mc) is a critical parameter for seismicity, b value
studies and hazard analysis. Mc is simply the lowest magnitude above which all
events can be considered to be fully detected (Wiemer and Wyss, 2000). It varies
as a function of space and time but also varies with artificial changes such as
network configuration and magnitude estimation methods. Estimation of Mc for
instrumental earthquake catalogs is an essential and compulsory step for any
seismicity analysis (Mignan and Woessner, 2012).

Estimation of M. is based on the assumption that, for a given volume, a simple
power law can approximate the frequency magnitude distribution (Ishimoto and
lida, 1939; Gutenberg and Richter, 1944) which describes the relationship
between the frequency of occurrence and magnitude of earthquakes:

log1oN =a-bM

where, N is the cumulative number of earthquakes having magnitudes equal or
larger than M, a and b are constants (Wiemer and Wyss, 2000). The coefficient of
b value usually takes a value around 1.0 and characterizes the seismicity of the
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region (Utsu, 1999).

In this present study, Mc computation was performed for the time period 2013-
2017. The most important reason for selecting this time period was the change of
the magnitude type in the routine earthquake location procedure of RETMC.
Magnitude type was changed to local magnitude MI from the duration magnitude
Md, in 2012. In the first few months of 2012, both of the magnitudes were used in
the earthquake catalogue of RETMC. However, an accurate robust catalogue with
full Ml was succeeded mainly after 2013. Mc computation by using a maximum
likelihood solution which is based on the maximum curvature method of (Wiemer
and Wyss, 2000; Woessner and Wiemer, 2005) can be found in detail at the
ZMAP code (Utsu, 1999; Wiemer and Katsumata, 1999). Maximum curvature is a
fast and reliable estimate of Mc, in order to define the point of the maximum
curvature as a magnitude of completeness, by computing the first derivative of the
frequency magnitude curve. This method matches the magnitude bin with the
highest frequency of events in the non-cumulative frequency-magnitude
distribution (Woessner and Wiemer, 2005). Figure 8 shows the frequency-
magnitude distribution of the over-all catalog in the region. We obtained a
magnitude completeness Mc=2.0 and b value of 1.01 +0.05 for the catalog

between the years 2013-2017 for the RETMC catalog.

Kalafat (2016) also computed the Mc values of Turkey and surrounding regions by

using the KOERI catalogue in the time period 1975-2015. Due to lesser number of
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Cumulative Number

Magnitude

Figure 8. Frequency-magnitude distribution of the over-all catalog for the region A
(in Figure 2). Maximum Likelihood Solution for the catalog presenting the Mc=2, b-
value=1.01 £ 0.05.

Sekil 8. A Bolgesi icin tiim kataloga ait frekans-magnitiid dagilimi (Sekil 2).
Katalog i¢in Maximum Likelihood ¢bziimi Mc=2, b-degeri=1.01 £ 0.05.

stations at that time period, they observed significantly higher Mc values in similar
regions. Mc values were mainly changing between 2.6-2.9 for the selected
regions. However, Mc has significantly decreased to Mc=2.0 with the installation of
recent stations in the region.

Figure 9 presents the Mc variation with time. It is known that the Mc value
decreases after big shocks with the dense aftershock activity. Mc is almost uniform
from beginning of 2013 up to the end of 2016. But just after 2017, first Mc value
increases up to 2.6, then decreases sharply to 1.3. This is a typical behavior of
Mc, which is higher in the early part of an aftershock sequence due to the i)
network is likely to be improved after the main shock ii) during the initial highest
activity phase, due to the contamination of smaller earthquakes with the
contamination of larger earthquake coda or because of the overwhelming
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workload (Wiemer and Katsumata, 1999).The effect of the recent series of
earthquakes in the Aegean: onshore Biga peninsula Ayvacik — Canakkale
(February 2017; M5.2), offshore Lesvos - Karaburun (June 2017, M6.3) and
offshore Bodrum - Kos (July 2017; M6.6) is quite visible on the Mc-time plot in
Figure 9. In order to see these variations of Mc in detail, we presented the Mc

variations for these three regions.

1 T T 1 1 T 1 1 T
20135 2014 0145 2015 20155 2016 2016.5 2017 20175
Time i [dec. year]

Figure 9. Mc versus time plot with anomalies after 2017 indicating the Aegean Sea
earthquakes.
Sekil 9. Ege denizi depremleri sonrasi degisikligi gbsteren Mc — zaman degisim

grafigi.

Mc in three different regions: Aegean Sea Earthquake Sequences in 2017

In order to understand the variation of Mc with time in Figure 9 we investigated the
Mc variations in the region B, C and D in Figure 2. Ayvacik — Canakkale in
westernmost part of Turkey was struck by four moderate magnitude (Mw 5.2 — 5.4)
earthquakes in the beginning of 2017. These were then followed by the Mw 6.3

Lesvos earthquake in the eastern Aegean in June 2017. This event caused severe
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shaking and extensive damage around Southern Lesvos. As a final event of these
series, Bodrum - Kos earthquake Mw=6.6occurred in July 2017, near Kos island
and the Bodrum peninsula. It was the largest instrumentally-recorded earthquake
to occur within the Gulf of Gokova, one of the largest graben systems in the cost of
southwest Turkey. This earthquake was widely felt across both Turkey and
Greece, causing two fatalities and severe damage particularly on Kos island. In
three months following the main shock, more than ten thousand earthquakes were
reported by RETMC, 65 of which have magnitudes greater than 4.0.

Figure 10 shows the Mc variations for these three earthquake sequences in the
time period 2017.01.01 to 2017.12.31, which is computed by using 5633, 3044,
12733 earthquakes, occurred in these regions, respectively (Figure 2). Maximum
Likelihood Solution for the catalog presents the Magnitude of Completeness,
Mc=2, b-value=1.00 £ 0.08 for Canakkale-Ayvacik, Mc=2.1, b-value=0.97 + 0.04
for Karaburun-Lesvos, Mc=1.3, b-value=1.01 + 0.09 for Bodrum-Kos aftershock
activities. The b values are not significantly different from one another. But the
value of Mc was different in Bodrum. Dense station distribution and closer stations
to the main shock provide the detection of smaller earthquakes up to 0.3 and
cause a smaller Mc value such as 1.3 in Bodrum. On the other hand, Mc variations
are quite consistent with the anomalous behavior of the Mc versus time plot of the
whole catalog in Figure 9.

Finally, as a last step to present the Mc variation in the region, a kriging algorithm
has been used to obtain the magnitude completeness map of Turkey. It is one of
the most flexible methods, when gridding data. It compensates for clustered data

by giving less weight to the cluster in the overall prediction. Mc was estimated from
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the linear frequency-magnitude relation of the 200 closest earthquakes to grid
nodes, spaced 10 km apart. The quality of all regional and local earthquake
catalogs decrease with distance from the center of the network and coastlines and
international borders are present as the obvious boundaries of this dissolution
(Wiemer, 2001). Figure 11 shows the magnitude threshold map of Turkey and
surrounding area according to the obtained earthquake magnitudes between 2013

and 2017.

Cumulative Number

Magnitucde

Cumulative Number

Magnitude

b)
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Magnitude

c)

Figure 10. Frequency-magnitude distribution for the a) Canakkale-Ayvacik, b)
Lesvos-Karaburun, and c) Bodrum earthquake activities (presented in the area B,

C, D, respectively, enclosed in Figure 2).

Sekil 10. Frekans magnitiid dagihmi; a) Canakkale — Ayvacik, b) Lesvos-
Karaburun, c) Bodrum depremi aktiviteleri (Sekil 2’de B, C, D ile gdsterilen

alan).

Map (Figure 11) shows the variations of minimum detectable earthquake
magnitude in the region. It can be seen that the minimum detectable earthquake
magnitude is around M=2.0 for entire Turkey and Mc is slightly heterogeneous in
the catalog especially in the border regions. Magnitude threshold diminishes to
M=1.0 in the regions with dense station distribution such as Southern, Western
coasts of Turkey, in some parts of Central Anatolia and Marmara region. But it
increases up to M=2.5 due to the sparse distribution of seismic stations especially

in the Eastern part of Turkey and border regions.
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Figure11. Magnitude threshold map for Turkey and surrounding area computed by

using the earthquakes in the time period 2013-2017.

Sekil 11. Turkiye ve etrafi icin 2013-2017 yillar1 arasinda meydana gelen

depremleri kullanarak hesaplanan magnitid esik deger haritasi.

RESULTS AND DISCUSSIONS

Earthquake catalogs are one of the most important outputs of seismology. Quality,
consistency and the homogeneity of the catalogs must be well defined for the sake
of reliability, performed by using these data. In this study, we submitted an
overview on the operational procedures of RETMC, KOERI, which will be fulfilling
the needs of RETMC data users. We presented a statistical analysis on RETMC
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earthquake catalog for the duration of 2013-2017 and showed the dynamic
variations of Mc with respect to time and earthquakes sequences in the region.
Magnitude of completeness was computed as Mc=2.0 for almost all parts of
Turkey with a b-value of 1.01 £0.05. Mc variation with time presented an almost
constant value Mc=2.0 up to the end of 2016. However, it shows distinct variation
after 2017 which indicates the effect of recent strong earthquake sequences in
Aegean Sea in 2017. In order to see the variations in Mc we presented the
differences in local earthquake sequences. We selected three significant
aftershock sequences that have been occurred in the time period of this study. We
observed compatible variations with the whole catalog. A general map of Mc
variation for whole Turkey is also computed and presented in the study. Some
areas in the eastern part of Turkey and the coast of Black Sea have higher Mc
values up to ~2.5. Mc value decreases to ~1.0 in some areas with denser station
distribution such as Marmara Sea, southern and western coasts of Turkey.
RETMC is continuously enhancing its seismic network by installing new stations in
order to reduce the minimum detectable magnitude level of earthquakes and

increase the location precision.
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