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ABSTRACT

This study comprehensively examines the seismotectonic characteristics of the Coastal Aegean Region and
evaluates earthquake hazard probabilities based on historical, structural, and geodynamic data. Western Anatolia
and the Coastal Aegean Region represent high-seismic-risk zones characterized by a complex deformation regime,
where both normal and strike-slip faults are actively influential. The research investigates local fault systems in
various segments, including Izmir, Balikesir, Aydin, Mugla, Gékova, Skyros, and Sigacik. GPS measurements,
microseismic records, tomographic analyses, and field observations were integrated to perform seismic hazard
assessments. The vulnerability of traditional structures and the influence of local soil conditions on structural
performance were also evaluated, supported by empirical and seismic hazard analysis results. Findings indicate that
the seismic hazard in the region is associated not only with major faults but also with micro-scale stress
accumulation and structural weaknesses. The magnitudes, locations, and characteristics of historical earthquakes
were found to be consistent with the results of seismic hazard analyses. In this context, measures such as
microseismicity monitoring, tsunami and earthquake early warning systems, and the reinforcement of building stock
are projected to play a significant role in reducing disaster risk.
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INTRODUCTION

Turkey and its surrounding geographical region are the regions with high earthquake risk. Local soil

located along the Alpine—Himalayan belt, one of the most
active tectonic zones in the world. This tectonic setting has
been responsible for numerous destructive earthquakes
throughout history (Denli, 2018). This active tectonic
environment is highly complex in terms of both plate
boundary characteristics and microplate dynamics (Mdller
et al., 2013). The Aegean region, located in western
Turkey, lies within the interaction zone of both continental
and marine tectonic regimes. In particular, the segments of
the North Anatolian Fault extending into the Aegean Sea
and the subduction zone developed along the Hellenic Arc
are among the primary sources of seismic activity in this
area (Papanikolaou et al., 2019; Miiller et al., 2013).

The Aegean region is characterized by a complex
deformation regime that is not confined solely to plate
boundaries but also involves microtectonic movements,
graben structures, and numerous surface faults (Seyrek,
2020). Within this framework, settlement areas such as
Mugla, Aydin, Izmir, and their surroundings are among

conditions, the state of the building stock, and the
vulnerability of the historical urban fabric further
exacerbate potential disaster scenarios (Aktas et al.,
2022).Furthermore, the earthquake that struck the Aegean
Sea—Izmir region on 30 October 2020 served as a stark
reminder that the region’s earthquake-generating potential
is not only a scientific reality but also a pressing social
reality (Triantafyllou et al., 2021; Aktas et al., 2022).

The aim of this study is to conduct a detailed
examination of the complex seismotectonic framework
outlined above, to understand the seismicity dynamics of
specific areas (e.g., Izmir, Mugla, Aydin, Balikesir, and
the Coastal Aegean), and to evaluate earthquake activity
and associated risks from both geoscientific and structural
perspectives on a regional scale. Furthermore, by
integrating extensive historical datasets with a broad body
of literature, contemporary observational techniques, and
seismic hazard analyses, this study seeks to provide a
comprehensive  scientific framework for assessing
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potential earthquake activity and associated risks in the
Coastal Aegean section of the Aegean Region.

Scientific  understanding of the occurrence,
distribution, and impacts of earthquakes has advanced
through the integration of multidisciplinary studies. In the
context of Turkey and specifically the Aegean region,
geological, geophysical, seismological, and engineering-
based research aimed at understanding seismotectonic
structures has been ongoing for decades. Early studies,
particularly those focusing on the western extensions of
the North Anatolian Fault Zone (NAFZ) and the active
fault zones in the Aegean Sea, have provided significant
insights into both the tectonic regime and faulting
characteristics of the region (Mdiller et al., 2013;
Papanikolaou et al., 2019).

GPS measurements and stress field modeling have
made significant contributions to understanding the
dynamics of the transition zone between the motion of the
Aegean microplate and the North Anatolian Fault (Briole
et al., 2021; Muller et al., 2013). These studies have
revealed that, in addition to northeast—southwest trending
right-lateral strike-slip faults, normal faulting components
are also active in the region. In particular, kinematic data
derived from both extension directions and fault-plane
solutions around the Northern Aegean, Skyros, and the
Sporades Islands confirm the presence of multi-directional
deformation processes (Papanikolaou et al., 2019; Miller
etal., 2013).

Turkey is located at the convergence zone of the
Eurasian, Arabian, and African plates, resulting in a highly
complex tectonic framework. As a consequence of these
plate interactions, three primary tectonic regimes are
observed in the country: the North Anatolian Fault Zone
(NAFZ), characterized by east-west compression and
right-lateral strike-slip motion; the East Anatolian Fault
Zone (EAFZ), defined by left-lateral strike-slip motion;
and the extensional regime dominating the western
Aegean region (Muller et al., 2013; Briole et al., 2021).

The North Anatolian Fault Zone (NAFZ), located in
northern Turkey, is one of the most active and seismically
significant fault systems in the region, extending
approximately 1,500 km in length. This fault zone
progresses from the northeast to the southwest, reaching
the Sea of Marmara and continuing toward the Aegean Sea
through offshore segments (Miuller et al., 2013;
Papanikolaou et al., 2019). Along this zone, a right-lateral
slip rate of approximately 20-25 mm per year has been
documented (Briole et al., 2021).

To the south, the East Anatolian Fault Zone (EAFZ) is
another major strike-slip fault system, developed as a
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result of the northward movement of the Arabian Plate.
This fault system, which dominates eastern Turkey,
together with the associated compressional regime, plays a
key role in shaping the overall deformation dynamics of
the country. Between the NAFZ and EAFZ lies Central
Anatolia, a relatively stable tectonic block (Briole et al.,
2021). In contrast, western Turkey is characterized by an
extensional tectonic regime, differing from the
compressional framework observed in the east. This
transitional zone is distinct from other parts of the country
in terms of both faulting style and seismotectonic
behavior.

In conclusion, the literature emphasizes the necessity
of evaluating a wide range of variables at both macro
scales (plate motions, fault systems) and micro scales (soil
profiles, building types). Studies conducted in the Aegean
region demonstrate how this holistic approach is reflected
in the field and form the theoretical basis of the present
research.

Seismotectonics of the Aegean Region

The Aegean Region, located at the westernmost part
of Turkey, is directly influenced by the Aegean
microplate. This microplate moves southwestward at an
approximate rate of 30 mm/year relative to the Eurasian
Plate (Mller et al., 2013; Briole et al., 2021). This motion
has resulted in an extensional tectonic regime in which
normal faulting is predominant. The regime is particularly
evident in the graben systems, such as the Gediz and
Blyuk Menderes grabens. Much of the deformation in the
Aegean Region is attributed to north—south extensional
movements, a phenomenon confirmed by GPS
measurements. Areas such as the Gulf of Izmir, Gkova,
Skyros, the Gulf of Sigacik, and the vicinity of Kusadasi
are characterized by high deformation rates (Papanikolaou
et al., 2019; Triantafyllou et al., 2021).

Another outcome of this tectonic regime is the
frequent occurrence of shallow-focus earthquakes. The
Mw 7.0 Samos earthquake of 30 October 2020 is a product
of this extensional tectonic setting and exhibits the
characteristics of normal faulting (Triantafyllou et al.,
2021). This event once again demonstrated the
earthquake-generating potential of the active faults in the
eastern part of the Aegean Sea. Furthermore, structures
such as the Skyros Basin exhibit both right-lateral and
normal faulting components, as a result of the westward
propagation of the North Anatolian Fault (Papanikolaou et
al., 2019). This combination renders the tectonic evolution
of the region highly complex and multidimensional.
Overall, the seismotectonic framework of the Aegean
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Region is shaped by dynamics that differ from those in
other parts of Turkey. This distinction is clearly reflected
in both fault geometries and earthquake behavior, making
the Aegean one of the most unique regions of the country
in seismological terms.

Regional and Event-Based Analyses

The Mediterranean, the Hellenic Arc, and the
Subduction Process

The Eastern Mediterranean hosts an active subduction
zone formed by the northward movement of the African
Plate beneath the Eurasian Plate. The most prominent
geotectonic structure of this zone is the Hellenic Arc,
along which seismic events render the eastern
Mediterranean a  tectonically  hazardous  region.
(Papanikolaou et al., 2019; Triantafyllou et al., 2021). The
westward escape of the Aegean microplate induces
extensional faulting along the Hellenic Arc. This
extensional regime has generated active fault systems both
on the seafloor and in their onshore continuations.
Contemporary research also shows that submarine
landslides provide a secondary contribution to such
seismic events (Triantafyllou et al., 2021). Studies based
on potential field data and local crustal structure reveal the
presence of an extensive fracture system along the
Mediterranean, predominantly characterized by normal
faulting, and indicate the dominance of an extensional
tectonic setting (Seyrek, 2020; Miller et al., 2013).
Collectively, these features demonstrate that the region
constitutes an active geodynamic zone that must be closely
monitored for both earthquake and tsunami hazards.

Northwestern Anatolia, Manisa, Balikesir, and
Kitahya
Northwestern  Anatolia is one of the most

seismotectonically active regions in Turkey, influenced by
both the North Anatolian Fault Zone (NAFZ) and the
Aegean extensional regime. Earthquakes in this region are
associated with both right-lateral strike-slip faulting and
extensional structures (Seyrek, 2020). The western
branches of the NAFZ, after crossing the Sea of Marmara,
merge with numerous surface faults in and around
Balikesir, forming a complex tectonic network. The
Balikesir Plain contains subsidence basins bounded by
active normal faults from the neotectonic period, which
frequently generate small- to moderate-magnitude
earthquake. Geological studies in the area indicate that the
Balikesir faults are young and active, as evidenced by
surface morphotectonic features. Structural deformations
along these predominantly east-west trending faults
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contribute significantly to the seismic hazard of the region
(Tag1l, 2004).

Kiitahya and its surroundings are affected both by the
southern branches of the NAFZ and by deep fault systems
extending toward the Central Anatolian Plateau. Seyrek
(2020), in an evaluation conducted for the new Turkey
Seismic Hazard Map, reported that the Kitahya region
possesses high acceleration potential, with local soil
conditions having a substantial impact on design spectra.
Historically, the region has experienced destructive
earthquakes, including the 1919 Balikesir, 1944 Ayvalik,
and 1970 Kiitahya events (KOERI, 2020, Eastern Aegean
Sea Earthquake, Press Bulletin). These earthquakes caused
severe damage to both the urban fabric and infrastructure
(Denli, 2018), underscoring the region’s high hazard
potential based on both historical and contemporary data.

Southwestern Anatolia: Mugla, Gékova, Marmaris,
and Fethiye

Mugla and its surroundings, located in the
southwestern corner of Turkey, represent a critical area in
terms of both seismotectonic diversity and high earthquake
hazard. This region is characterized by the Gokova Graben
System, one of the westernmost extensions of the Aegean
extensional regime (Sezer, 2003). The faults extending
along the Gulf of Gokova are oriented east—west and
predominantly exhibit normal faulting characteristics.
Studies conducted in the Marmaris and Yesilova areas
have indicated that these faults have the potential to
produce surface ruptures and have caused significant
seismic events in the past (Yildirim, 2016). Notably, the
earthquakes that occurred in Mugla in 2004 demonstrated
that the region is densely cut by active faults, many of
which are traceable at the surface.

The Mugla seismotectonic province, together with its
immediate surroundings, covers the area between latitudes
36.00°-37.50°N  and  longitudes  26.00°-30.00°E.
Geologically and morphotectonically, this seismotectonic
province occupies a place within the Alpine Belt, which
extends from the Azores Islands to Indonesia. The Mugla
earthquake zone is controlled by the Western Anatolian
extensional regime, which includes the Aegean—Hellenic
Trench and its eastern continuation, the Cyprus Arc, as
well as the Aegean graben system. This region constitutes
an active graben belt where normal faulting is widespread,
resulting in frequent shallow-focus earthquakes (Anadolu
Kili¢,2017). The earliest available record of an earthquake
in the Mugla region, according to USGS-NEIC (U.S.
Geological Survey-U.S. National Earthquake Information
Center) data, is of Greek origin and dates back to 411
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B.C., corresponding to a surface-wave magnitude (Ms) of
7.0, in the Gillik (Kerme) Gulf area. Earthquakes with
magnitudes of 7.2 Ms (227 B.C.), 7.0 Ms (197 B.C.), and
7.0 Ms (183 B.C.) occurred in the vicinity of Rhodes
Island. According to USGS-NEIC data compiled from
NASA-NOAA sources, the largest recorded earthquake in
this region was the 27 August 1886 Bodrum earthquake,
with a magnitude of 8.39 Ms.

Significant events include a 1926 earthquake in
Mugla; the 13 December 1941 Dagpinar—-Mugla
earthquake (M 6.5); the 24-25 April 1957 Fethiye
earthquakes (M 6.2 and M 7.1); and the 20 July 2017
Gokova Gulf-Mediterranean earthquake (M 6.6) (KOERI,
2020, Eastern Aegean Sea Earthquake, Press Bulletin).
The 1957 Fethiye earthquake caused severe damage to
buildings in Fethiye. The shocks also inflicted substantial
destruction on structures in Eskihisar Village (Yatagan),
Marmaris, Milas, Solmaz Village (Tavas), and the Kalkan
district of Kas. Approximately 60% of the houses in
Marmaris were completely destroyed, while 80% of the
buildings in Cameli became uninhabitable. On 26 April,
15 additional houses collapsed in Solmaz Village. In
Eskihisar Village, 300 out of 320 households were
destroyed (Aslan, 2017). Given the prevalence of
traditional settlements in this area, the building stock poses
a significant seismic risk. In this context, Southwestern
Anatolia is a region that requires a multidisciplinary
disaster risk management approach, taking into account
both geoscientific data and structural performance.

Izmir and Surroundings

Izmir and its surrounding areas are among the most
densely populated and seismotectonically complex regions
in western Turkey. The region lies at the intersection of
east-west trending normal faults, northeast-southwest
oriented right-lateral strike-slip faults, and active graben
systems. This complex structure has been examined in
detail using both geological and seismological data, and
active faults located directly beneath the city have been
identified (Kilig, 2006).

The Izmir Fault and other parallel fault systems are
particularly concentrated in the Seferihisar and Balgova
areas. Morphometric analyses conducted on these faults
have revealed that fault segments such as the Gimdaldur
segment possess both normal and strike-slip components
(Yerli et al., 2021). This kinematic characteristic of the
faults increases the risk of surface rupture, especially when
combined with strike-slip effects in destructive earthquake
scenarios. In light of these data, it is clear that Izmir is at
high earthquake risk not only because of its proximity to

133

active faults but also due to its complex subsurface
structure.

Northern Aegean, Sigacik, Skyros, and the Skyros
Basin

The Northern Aegean region is a microplate boundary
with high seismic activity, developed under the influence
of both the strike-slip fault systems in Western Anatolia
and the Aegean extensional regime. This area is defined as
one of the transition zones where both normal and strike-
slip faulting occur together (Miiller et al., 2013). The
Skyros Basin is located in the eastern part of the Northern
Aegean and is identified as an active deformation zone.
The development of this basin emerged as a result of the
westward extension of the North Anatolian Fault and was
also shaped by extensional forces originating from the
Hellenic arc system (Papanikolaou et al., 2019). GPS
measurements indicate that extensional deformation of up
to 20 mm per year is observed in this region, and that the
Skyros Basin is under an active normal faulting regime
(Mdller et al., 2013).

One of the significant earthquakes in Skyros and its
surroundings is the Mw 6.4 event that occurred in 2001
near Skyros Island. This event demonstrated that the faults
in the region are not purely normal faults but may also
have right-lateral components (Ganas et al., 2005). The
same study emphasizes that stress fields developing in
different directions lead to variations in local stress
orientations in the region. The Gulf of Sigacik, located
along the Turkish coast, is defined by active faults
extending off Seferihisar, west of Izmir. This area drew
attention with a series of successive earthquakes in 2005,
during which it was determined that the faults exhibited
both strike-slip and normal components (Benetatos et al.,
2006). Seismic sequence analyses revealed that the
faulting style is right-lateral with a vertical component,
reflecting the complex tectonic regime in the region. These
two areas—the Skyros Basin and the Gulf of Sigacik—are
key focal points in regional seismic hazard assessments
due to both their active faulting and their proximity to
coastal cities.

Microseismicity and GPS

The tectonic complexity of the Aegean Region is
highlighted not only by large earthquakes but also by the
persistent occurrence of low-magnitude seismic activity—
microseismicity—throughout the area. Microseismic
activity provides an important dataset, particularly along
fault zones, indicating stress accumulation and the
distribution of structural weaknesses (Miiller et al., 2013).
Another method used to understand stress orientations is
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stress tensor inversion analysis. Studies conducted in the
Aegean Region and in the western segments of the North
Anatolian Fault extending into the Aegean Sea have
shown that the westward escape of the Anatolian block,
combined with north-south extension, produces stress
heterogeneity in the region (Ganas et al., 2005). This
heterogeneous stress field also explains the variable
kinematic characteristics of regional faults.

GPS data quantitatively reveal the deformation rates
of the region and enable the development of block models.
In the study by Briole et al. (2021), it was determined that
average strain rates in the Aegean Region can reach up to
20 mm/year, with the most intense deformation occurring
in the Gulf of Izmir, Southwestern Aegean, and Eastern
Aegean Islands. The same study identified the boundaries
between crustal blocks, highlighting zones where seismic
coupling is stronger. In conclusion, when microseismicity
data are evaluated together with GPS observations, it
becomes clear that the Aegean Region has a highly active
and heterogeneous tectonic regime not only at the surface
but also at depth within the Earth’s crust.

MATERIAL AND METHOD

The size—frequency distribution of many geological and
geophysical variables exhibits a fractal character and can
be described by scaling laws. Phenomena observed in
tectonic processes—such as fracturing, faulting, and
seismicity—also reflect this scale invariance and self-
similarity.

The statistical distribution of earthquakes was first
expressed through the power law formulated by Gutenberg
and Richter. The Gutenberg—Richter law serves as a
fundamental tool in the statistical analysis of earthquake
catalog data and is widely used in regional seismic hazard
assessments, fault zone characterization, and earthquake
probability estimation. Moreover, temporal and spatial
variations of the b-value provide important insights into
the monitoring of seismic cycles and the potential
forecasting of large earthquakes (Pardo-lglizquiza and
Dowd, 2024).

All earthquake records for the Coastal Aegean region
were obtained from the earthquake catalogs provided by
the Kandilli Observatory, the Disaster and Emergency
Management Authority (AFAD), and the United States
Geological Survey (USGS). The catalogs were queried for
the period 19002024, using the latitude range 36.90° N —
40.50° N and the longitude range 26.00° E — 29.50° E for
the Coastal Aegean. Within these coordinates, the dataset
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covers Izmir, Aydin, Mugla, Manisa, Balikesir, and
Canakkale provinces, as well as parts of Denizli, Usak,
and Bursa, enabling detailed data collection.

All data from the Kandilli Observatory, AFAD, and
USGS were combined and categorized by year, moment
magnitude (Mw), location, and depth, resulting in a total
of 178,628 earthquake events. In seismic risk analyses, a
lower magnitude threshold (Mc) is typically defined.
Earthquakes with magnitudes smaller than 4 generally do
not cause damage to engineering structures, and the data
for such events are often unreliable (Kalyoncuoglu et al.,
2006). Since measurements and earthquake catalogs from
earlier years are not as precise as modern data, a threshold
of Mc < 5 was selected in this study to ensure statistical
significance.

The most widely known equation for magnitude—
frequency distribution is the  Gutenberg—Richter
relationship (Kalyoncuoglu et al.2006,).

Log N(M)=a-bM @

Where, N represents the number of earthquakes for a
given magnitude M, while “@” and “b” are constant
regression coefficients. The “a” coefficient, which
depends on the size of the study area and the observation
period, is related to the level of seismic activity (the
earthquake productivity of the crust). The “b” coefficient,
which is inversely proportional to crustal stress, is defined
as a parameter associated with the physics of earthquake
occurrence (Anadolu Kilig and Kalyoncuoglu, 2017).
After these constants are determined using the Least
Squares Method (LSM), the recurrence interval for a target
magnitude in the study area is calculated using the
following formula (Anadolu Kilig and Kalyoncuoglu,
2017).

TR=AT / 10(a-bMh) (2

Here, AT represents the time span covered by the
seismicity catalog (or the observation period, Tg). In the
statistical risk analysis, the annual risk for a given
magnitude M is calculated by determining the probability
of occurrence of earthquakes with magnitudes equal to or
greater than M on a yearly basis (Yildirim, 2016). The
probability (%) of the target earthquake occurring within a
specific future time period T is calculated using the
formula presented in Equation 3.

R=1-e -N(Mh)T (3)

Here, R(M) denotes the seismic hazard (seismic risk),
n(M) represents the annual number of earthquakes, and T
refers to the future period under consideration. For the
data obtained from the Kandilli Observatory, the
probabilities of earthquakes with magnitudes equal to or
greater than a given M are calculated using Equation 3.
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Coastal Aegean Earthquakes (Mw 4.0+) - Simple Map
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Figure 1. Earthquake map of the Coastal Aegean region.

RESULTS

All earthquake data for the period 1900-2025 were
obtained from the Kandilli Observatory, and the number of
earthquakes by intervals is presented in Table 1.

Table 1. Number of earthquakes between 1900 and 2025
Number of Earthquakes (N)

Magnitude Range

3.5-3.9 2102
4.0-4.4 597
4.5-4.9 323
5.0-5.4 124
5.5-5.9 28
6.0-6.4 5
6.5-6.9 6
7.0-7.4 3

As shown in Table 1, the number of earthquakes is
inversely proportional to magnitude. More than 2,000
small earthquakes in the range of 3.5-4.9 have occurred
frequently, while, as the energy of seismic sources
increases, the frequency of earthquakes decreases, with
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fewer moderate events in the 5.0-6.4 range. Large
earthquakes with magnitudes between 6.5 and 7.4 have
occurred only nine times in total, providing important data
for recurrence period and probability calculations.

Since the number of earthquakes (N) by magnitude
shown in Table 1 supports the Gutenberg—Richter
relationship, the logarithmic occurrence frequency and the
data required for the magnitude—frequency distribution are
presented in Table 2.

Table 2 lists the number of earthquakes that occurred
between 1900 and 2024 according to their magnitudes, and
presents the average magnitudes calculated for each group,
providing the necessary data prior to conducting the
Gutenberg—Richter analysis. In Table 2, M denotes the
magnitude, N the number of earthquakes, Xi the average
magnitudes, Yi the logarithmic frequency, Xi-Yi and i? the
products required for regression analysis, and n counter
the order in which Xi values are included in the regression.

Table 2 shows that as earthquake magnitude
increases, the value of Yi = log(N/Tg), representing the
annual logarithmic frequency, decreases. In an earthquake
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catalog, the minimum magnitude at which events are fully
and reliably recorded is referred to as the Minimum
Magnitude of Completeness (Mc). Previous studies have
noted that Mc values vary over time due to incomplete
historical records and exhibit geographic heterogeneity,
thus requiring the development of specific maps for each
region (Wiemer and Wyss, 2000; Woessner and Wiemer,
2005). In this study, analysis of the number of earthquakes
and the logN-M relationship indicated that the frequency
distribution becomes more regular and consistent with the
Gutenberg—Richter relationship for magnitudes above 5.0.
Therefore, Mc was set to 5.0, and the n counter was
defined as 5 for the magnitude intervals between 5.0-5.4

Table 2. Summary table prior to Gutenberg—Richter analysis

and 7.0-7.4. The annual earthquake frequencies for
different magnitudes are presented in Figure 2.

As shown in Figure 2, the graph presents Xi as the
average magnitudes and Yi as log(N/Tg), representing the
annual  logarithmic  earthquake  frequency.  The
completeness magnitude (Mc) was determined as 5.0, and
examination of earthquakes with M > 5.0 in the figure 2
shows that the logarithmic number of earthquakes
decreases with increasing magnitude, as illustrated by the
fitted linear regression curve. For accurate calculation of
the parameters b and a in the Gutenberg-Richter
relationship, only data above the Mc threshold should be
used (Woessner and Wiemer, 2005).

M 3.5-3.9 4.0-4.4 45-4.9 5.0-54 55-5.9 6.0-6.4 6.5-6.9 7.0-75
1900*2024 Aras1 N 2102 597 323 124 28 5 6 3
Xi 3,7 4,2 4,7 52 57 6,2 6,7 7,2
Yi =log(N/Tg) 1,23 0,68 0,42 0,00 -0,65 -1,39 -1,32 -1,62
Xi*Yi 4,55 2,87 1,95 0,00 -3,68 -8,65 -8,81 -11,64
in2 13,69 17,64 22,09 27,04 32,49 38,44 44,89 51,84
n sayaci 1 2 3 4 5
Xi' lerin toplami 31
Yi'lerin toplami -4,97
Xi * Y1 'lerin toplam1 -32,78
Xi"2 lerin toplami 194,7

= Yi=log(N/Tg) according to the Least Squares Method is given in
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Figure 2. Annual Logarithmic Earthquake Frequency for
Different Magnitudes

In Table 2, the total number of earthquakes by
average magnitude, along with the sum of Xi, Yi, Xi-Yi,
and Xi2 values, was obtained for the calculation of the “a”
and “b” coefficients using the Least Squares Method
(LSM). The formula for calculating the b coefficient
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Equation 4.
. YXiYYi
— ZX!Y!—TZ
2 (XXi)
yXi S

_32‘78_31*—4,97
p="27""5—
194,7-8D°
5
b=-0.78

Using the Least Squares Method (LSM), the b
coefficient was determined, and the a coefficient was
calculated using Equation 5.

a==""—(-0.722) x>
a=3.84

The most widely known equation for magnitude—
frequency  distribution is the  Gutenberg—Richter
relationship, which, as shown in Equation 6, was applied
by substituting the calculated a and b values to compute
the results for each magnitude, subsequently illustrated in
the figure 3 (Kalyoncuoglu et al.).

®)
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Log N(M)=3.84-0.78M (6)

Table 3 presents the calculated logarithmic values
based on the Gutenberg—Richter scale, showing that as
earthquake magnitude increases, the corresponding
logarithmic value rises proportionally. This indicates that
larger earthquakes occur less frequently.

Table 3. Calculation of logarithmic values by magnitude

Magnitude Formulation Result
5.0 3.84-0.78*5 -0,058
55 3.84-0.78*5.5 -0,448
6.0 3.84-0.78*6 -0,838
6.5 3.84-0.78*6.5 -1,22
7.0 3.84-0.78*7 -1,61

[ Recurrence Interval (Year)
110
102.33
100
90
80 -
70
60 -
50
41.69
40

30 +

Recurrence Interval (Year)

20 16.98
10 6.92
115 282
5 55 6 6,5 7 7.5
Magnitud

Figure 3. Graph of Earthquake Recurrence Times by
Magnitude (in Years)

Calculation of earthquake recurrence periods

Within the framework of the Gutenberg—Richter scale,
an instrumental period magnitude increment of AM = 0.1
was adopted for the calculations. For this region, the
relationship was determined as: logN(M)=3.84—0.78M

Accordingly, the recurrence time of earthquakes was
calculated for each magnitude value using the formula:
TR=AT / 10(a-bMh)

The calculated recurrence periods for each magnitude
are presented in Table 4. Calculations of earthquake
recurrence times indicate that an event with a magnitude
of M = 5.0 occurs on average once every year or every 1-2
years, with a recurrence period of approximately 1.15
years. Statistically, this period increases with magnitude;
for M = 7.0, the recurrence interval is estimated at
approximately 30-50 years. For earthquakes of M = 7.5,
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the recurrence period is calculated as approximately
102.33 years, indicating that events with magnitudes of 7.5
and 8.0 are rare occurrences with a frequency of more than
once per century.

Table 4. Earthquake recurrence periods by magnitude
(in Years)

Magnitu 5 6 7,
de 5 5 6 5 l 5
ce Tinl?gcurren ! 2 6 ! 4 !
,15 ,82 ,92 6,98 1,69 02,33
(Years)

Probabilities of earthquake occurrence within
target periods

In seismic hazard analyses, the magnitude of
earthquakes and their probabilities of occurrence within
specific time frames are calculated. For instance, the
probability of an earthquake with M = 5.0 occurring within
10 years is very high (99.98%), whereas the probability for
an M = 7.0 event within the same period is relatively low
(21.33%). It is evident that as earthquake magnitude
increases, the probability of occurrence decreases, which
is inversely proportional to the recurrence period.

These evaluations are highly significant for
engineering  structures and disaster management.
Therefore, to investigate the likelihood of earthquakes
occurring within specific periods, recurrence intervals of
10, 50, and 100 years were selected, and the probabilities
were calculated using the formula: R=1-e -N(Mh)T

The results are presented in Table 5 and graphically
illustrated in Figure 4.

Based on the seismic hazard analysis results:

e For earthquakes of magnitude 5.0 and 5.5, the
probability of occurrence within 10 years ranges between
97.12% and 99.98%, while the probabilities within 50 and
100 years reach 100%.

e For earthquakes of magnitude 6.0 and 6.5, the
probability of occurrence within 10 years ranges between
44.50% and 76.43%, within 50 years between 99.93% and
94.73%, and within 100 years between 100.00% and
99.72%.

e For earthquakes of magnitude 7.0 and 7.5, the
probability of occurrence within 10 years ranges between
21.33% and 9.31%, within 50 years between 69.86% and
38.65%, and within 100 years between 90.92% and
62.36%.

The magnitudes and locations of historical
earthquakes are consistent with the results of the seismic
hazard analysis presented above. In conclusion, Western
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Turkey and the Aegean Region can be considered a
seismic risk zone where multiple active faults, high
deformation rates, weak soil conditions, and structural
vulnerability intersect. Accurate analysis of this risk and

its comparison across different scales is critically
important for the development of region-specific disaster
management strategies.

Table 5. Earthquake magnitudes and probability percentages based on seismic hazard analysis results

Magnitude 5

55 6 6,5 7 7,5

Probability of Occurrence Within 10 Years (%)
Probability of Occurrence Within 50 Years (%)
Probability of Occurrence Within 100 Years (%)

99,98%
100,00%
100,00%

97,12%
100,00%
100,00%

76,43%
99,93%
100,00%

44,50%
94,73%
99,72%

21,33%
69,86%
90,92%

9,31%
38,65%
62,36%

100,00% < — e
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Figure 4. Graph of Earthquake Magnitudes and Probability Percentages Based on Seismic Hazard Analysis Results

CONCLUSIONS AND RECOMMENDATIONS

This study evaluated the seismotectonic framework of
Turkey and the Aegean Region using historical and
contemporary data. The analysis shows that Western
Turkey faces high seismic risk due to intense crustal
deformation and the complexity of fault systems. izmir,
Mugla, Balikesir, and the Northern Aegean lie at the
intersection of normal and strike-slip faults, where GPS
and tomography data indicate heterogeneous deformation
(Briole et al., 2021; Miller et al., 2013). Areas with
elevated microseismic activity require continuous
monitoring, as events such as the 2020 Samos—izmir
earthquake demonstrated the potential for tsunami
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generation by offshore faults (Triantafyllou et al., 2021).
Structural assessments reveal that much of the regional
building stock is seismically inadequate. Infill walls,
although  non-structural, adversely affect overall
performance and increase collapse risk (Aktas et al.,
2022). Historical earthquake data correspond closely with
active fault maps and support the prediction of future
seismicity (Denli, 2018). Seismic hazard analysis indicates
the following probabilities within 50 years: M>5.0
(100%), M>6.0 (99.9%), M>6.5 (94.7%), M>7.0 (69.9%),
and M>7.5 (38.7%). These results confirm the need for
enhanced microseismic monitoring, updated hazard
mapping, tsunami early warning systems, and structural
retrofitting programs.
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Overall, the findings provide a scientific basis for
regional disaster risk reduction and evidence-based policy
development.
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