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Abstract

The Western Anatolian region is one of the most seismically active sectors of Turkey where small-magnitude events with consi-
derable clustering occur frequently. The spatial and temporal behaviors of seismic activity as quantified by the fractal dimension
Dc-value, seismotectonic b-value and seismic quiescence Z-value are investigated for the Western Anatolian region. For this pur-
pose, a statistical relationship is developed between b and Dc-values, and regional and temporal changes of these parameters are
analyzed in order to reveal the potential of future earthquakes in the study region. By using standard deviate Z-value, current seis-
micity rate changes are estimated in the beginning of 2014.

The Western Anatolian region is divided into 18 different seismogenic subregions. Orthogonal regression fit is preferred in or-
der to estimate more up-to-date and reliable statistical correlation between two seismotectonic parameters. The relationship of
Dc=2.74-0.29*b is computed with a significant negative correlation (r = -0.73) between b and Dc-values for the Western Anatolian
earthquake distributions. There are clear fluctuations in the temporal changes of these two parameters and the same results are
relatively obtained in previous studies in literature. Lower b-values smaller than 1.0 and also higher Dc-value are observed in the
Burdur fault zone and Kitahya graben. In addition, the regions in which the lower b-values and the higher Z-values are estimated
cover the Burdur fault zone, Aliaga-Dumlupinar faults and Bakircay grabens. Consequently, the relationships between seismic b-
value, fractal dimension Dc-value and seismic quiescence Z-value may provide important evidences to put forth the next earth-
quake potential in Western Anatolia. In addition, monitoring of microseismic activity and behaviors of some other geophysical

parameters should be analyzed in space and time and evaluated carefully.

1. Introduction

A number of statistical models have been proposed to des-
cribe the physical behaviors of earthquakes by using scaling
laws in seismology (e.g., Mandelbrot, 1982; Hirata, 1989; On-
cel and Wilson, 2007; Oztiirk, 2011; 2012; Roy et al., 2011). In
order to evaluate the spatial and temporal behaviors of seis-
mic activity, some important seismotectonic parameters can
be used. The parameters used in the scope of this study can
be given as (1) b-value which describes the power-law distri-
bution of earthquakes, (2) Dc-value which implies the num-
ber of objects greater than a specified size and has a power
law dependence on the size, and (3) Z-value which is one of
the statistical parameters frequently used for analyzing the
seismicity rate changes.

Seismically active fault regions are complex natural systems
and they exhibit scale-invariant or fractal correlation between
earthquakes in space and time (Oncel et al., 1995). Fractal di-
mension Dc-value describes the heterogeneity degree of seis-
micity in active fault system and some geological, mechanical
or structural variations in heterogeneity. Thus, the higher or-
der fractal dimension is increasingly sensitive for the distribu-
tion of magnitudes (Oztiirk, 2011). Estimating of b-value re-
fers a fractal correlation between frequency of earthquake
and the seismic moment, energy, or fault length. The b-value
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for a region does not reflect only the relative proportion of
the number of strong and small earthquakes in the region,
but is also related to the stress condition over the region. Con-
sequently, b-value is one of the most widely used seismicity
parameters describing the size scaling behavior of earthqua-
kes. In various parts of the world, a large number of studies
on seismic quiescence analysis have been made in order to
detect to precursory anomalies of a specific region. Wiemer
and Wyss (1994) defined the precursory quiescence hypothe-
sis in the following way: “A statistically significant decrease of
the seismicity rate that occurs in a restricted segment of a seis-
mogenic zone. The rate decrease is terminated by a main shock
and the quiescent volume covers all or a major part of the source
volume.” So, particular space-time seismicity occurrences that
include the seismic quiescence phenomenon can be related
to the seismotectonic processes that lead to earthquakes.
Turkey is a seismically very active region and therefore nu-
merous statistical and physical studies have been carried out
in order to examine the seismicity characteristics for seismic
hazard assessments in many parts of Turkey, especially in the
Western Anatolian region (e.g., Polat et al., 2008; Oztiirk et al,,
2008; Sayil and Osmansahin, 2008; Oztiirk, 2012). However,
detailed studies that represent possible correlations between



fault distribution and seismicity are limited. It is well known
that the Aegean extensional region is one of the most seis-
mically active and rapidly prolongating areas of the Eastern
Mediterranean region (Bozkurt, 2001). So, this region was
struck by many strong and destructive earthquakes in the
past. Therefore, some potential applications to spatial and
temporal behaviors of fractal associations between seismo-
tectonic arguments may provide important contributions for
assessments of earthquake occurrences. Statistical scaling
properties of seismicity patterns may have a potential at least
to be sensitive short term predictors of major earthquakes.

Therefore, the principal aim of this study is to analyze the
spatial and temporal behavior of seismicity in order to reveal
the future earthquake potential in the Western Anatolian re-
gion. For this purpose, spatial and temporal assessments of
the size-scaling distributions for this high-risk region are made
by using some parameters such as seismotectonic b-value,
fractal dimension Dc-value, completeness magnitude Mc-
value and precursory seismic quiescence Z-value. In the final-
ly, an up-to-date and a reliable empirical relation between b-
value and Dc-value are presented for the Western Anatolian
region of Turkey.

2. Seismotectonic Structure and Zonation in the Wes-
tern Anatolian Region

The Western Anatolian graben systems and Aegean arc are
one of the most important tectonic structures and seismically
active fault regions in the Western Anatolia. In the Eastern Me-
diterranean, there is a convergence between Anatolian and
African plates caused by subduction of Cyprus and Aegean
arcs, where the African plate is subducting beneath the Ana-
tolian Plate in north-northeast direction (Bozkurt, 2001). In
the geodynamical evolution of the Aegean extension region,
the Aegean arc has an important effect. The nature and struc-
ture of this region vary along the Aegean arc system and the
eastern part of this system shows a transform fault characte-
ristic. In addition, the dextral strike slip faulting mechanism
associated with the North Anatolian Fault continues across
the northern Aegean, crosses northern and central mainland
Greece as a broad shear and eventually links up with the Hel-
lenic subduction zone. This fault zone is also characterized by
several second order faults that splay into the Anatolian Plate
(Bozkurt, 2001). In Eastern Anatolia, there is convergence
between the Eurasian and Arabian plates and as a result of
this movement the Anatolian plate moves to the west along
the North Anatolian Fault Zone and the East Anatolian Fault
Zone. The Anatolian Plate moves anti-clockwise with a mean
velocity of 24 mm/yr and this process continues along the
Aegean in the southwestern direction (McClusky et al., 2000).
Oral et al., (1995) stated that continental extension rate is ap-
proximately 30-40 mm/yr in the north-south direction.

As shown in Figure 1, the most important faults in the Wes-
tern Anatolian region are Bakircay, Kiitahya, Gediz, Simav,
Kicik Menderes and Biyiik Menderes (east-west trending),
Dinar, Alasehir and Aksehir-Afyon (northwest-southeast tren-

ding), Burdur, Acigél, Civril, Sandikli-Dombayova (northeast-
southwest trending), Soma, Zeytindag-Bergama (north-south
trending). These active faults show mainly normal faulting me-
chanism. The Western Anatolian extensional region has expe-
rienced many strong and destructive earthquakes during his-
torical and instrumental epochs. Some of these earthquakes
are 18 November 1919 Soma (M=6.9), 31 March 1928 Torbali
(M=6.3), 22 September 1939 Dikili-Bergama (M=6.5), 6 Octo-
ber 1942 Edremit Korfezi-Ayvacik (M=6.8), 16 July 1956 Soke-
Balat (M=7.1), 28 March 1969 Alasehir (M=6.5), 28 March 1970
Gediz (M=7.2), 11 October 1986 Cubukdag (M=5.5) , 6 Novem-
ber 1992 Seferihisar-izmir (M=6.0), and 10 April 2003 Seferih-
isar-izmir (M=6.1) earthquakes.

The seismotectonic boundaries of the study area are upda-
ted from Oztiirk (2012). Turkey is divided into 55 different
source zones in Oztiirk (2012) by taking into consideration
the zonation studies by Erdik (1999) and Bayrak et al., (2009).
Erdik et al., (1999) defined 37 source zones using all the avai-
lable published data. In contrast, Bayrak et al., (2009) divided
Turkey into 24 different source regions considering the diffe-
rent zonation studies given above for seismic hazard mode-
ling in Turkey and solution of focal mechanism given by TU-
BITAK Marmara Research Center (Scientific and Technological
Research Council of Turkey) for the great earthquakes that
occurred in Turkey between 1977 and 2002, and plotting the
existing tectonic structure with the epicenter distribution of
earthquakes. So, some parts of these seismogenic zones for
the Western Anatolian region are considered as the study
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Figure 1: Major tectonic structures in the Western Anatolian region.
Principle faults were modified from Saroglu et al., (1992) and Bozkurt
(2001). Names of the faults: EF: Etili Fault, YGSF: Yenice-Génen and
Sarikdy Faults, BG: Bakircay Graben, SmG: Soma Graben, SG: Simav
Graben, KG: Kiitahya Graben, EIDKF: Eskisehir, inénii-Dodurga and
Kaymaz Faults, ZBF: Zeytindag-Bergama Faults, ADF: Aliaga and Dum-
lupinar Faults, GG: Gediz Graben, AG: Alasehir Graben, AAG: Aksehir-
Afyon Graben, BTKF: Beysehir, Tatarli and Kumdanh Faults, KM: Kiicuik
Menderes, BM: Blylik Menderes, BFZ: Burdur Fault Zone, SDG: San-
diklr and Dombayova Grabens, MRR: Mugla and Rhodes Region, GCF:
Golhisar and Cameli Faults, MKFF: Marmaris, Kdycegiz and Fethiye
Faults, ADCG: Acigdl, Dinar and Civril Faults
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regions. In addition, a few new smaller zones are added in
order to compare the different tectonic structures in details
in the same regions. Consequently, the Aegean extensional
region of Turkey limited by the coordinates 25°N and 31°N in
latitude and 35°E and 40°E in longitude is divided into 18 new
seismotectonic subregions. Detailed tectonic structures are
modified from Saroglu et al.,, (1992) and Bozkurt (2001). Ma-
jor tectonics and selected 18 new seismic source zones in the
Western Anatolian region are shown in Figures 1 and 2, res-
pectively.

3. Earthquake database

The local magnitude, M,, is one of the various types of mag-
nitudes to calculate the quantitative size of the earthquakes.
Magnitudes of earthquakes are actually based on the ampli-
tude of ground motion displacement as measured by a stand-
ard seismograph. The Richter magnitude is one of best known
among them and it was originally defined for local events for
the southern California. M, is often used by local seismic net-
work and given a formula by Richter (1935; 1938) as in the
following:

M,=Log,A(D)-Log, A,(A)+C (1)

Where A(4) is the maximum earthquake amplitude in mil-
limeters recorded on the standard Wood-Anderson torsion
seismograph which has a static magnification of 2800, a dam-
ping factor 0.8, and a natural period of 0.8 second at an epi-
central distance A in kilometers. A, describes the loss of ener-
gy with respect to distance such as geometrical spreading,
anelastic attenuation due to the local geology. C is an empi-
rical correction for the particular station or instrument used
and it is strongly depended on the local geology. However,
this magnitude scale has also been used in the other seismic
network in the world to determine the local magnitude be-
cause it is presumed that the Richter’s southern California
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Figure 2: Seismotectonic zones and the epicenters of 79,881 earth-
quakes with M,21.0 between 1970 and 2014
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Log,,A, has the similar properties in the crust and mantle.

A few earthquake databases are available for Turkey from
both national and international catalogs. The database used
in this study is taken from Oztiirk (2009) for the time period
between 1970 and 2006 (all details for the relationships of
different magnitude types can also be found in Bayrak et al.,
2009). He used some empirical relationships in order to pre-
pare a complete and homogeneous earthquake catalog, and
prepared an instrumental database for duration magnitude
M, including 73,530 earthquakes between 1970 and 2006.
The Bogazici University, Kandilli Observatory and Research
Institute (KOERI) catalog is also used for the data from 2006
to 2014. KOERI generally provides the type of M, for all earth-
quakes, especially after 2000. However, KOERI usually gives
local magnitude M, for missing MD in recent years. In such a
case that M, is unknown in KOERI catalog from 2006 to 2014;
calculations of unknown M, are made by using M,-M, rela-
tionships (Table 1) given in Oztiirk (2009). 76,735 earthquakes
are finally obtained in and around Turkey from 2006 to 2014.
Thus, 150,265 earthquakes are obtained in totally for all re-
gions of Turkey between 1970 and 2014.

After the selection of the Western Anatolian region as the
study area, the earthquake catalog for this region is prepared.
In this stage, the earthquakes from 1970 to 2014 are selected
for the studied region from whole catalog. The type of mag-
nitude used in this study is M, and the study catalog is com-
plete for the whole study period and for all magnitude levels.
Thus, the final data catalog is prepared in the time period
from 6 January 1970 to 31 December 2013, the time interval
of about 43.98 years. Finally, there are in total 79,881 events
with magnitudes larger than or equal 1.0 in this coordinates
during 1970- 2014. Epicenter locations of all earthquakes for
M,=1.0 in the Western Anatolian region for this time inter-val
are also shown in Figure 2.

4. Brief Descriptions of the Statistical Methods

In the scope of this study, a few statistical arguments such
as seismotectonic parameter b-value of Gutenberg-Richter
(G-R) relation, fractal dimension Dc-value and seismic quie-
scence Z-values are analyzed as the spatial and temporal va-
riations of seismicity in the Western Anatolian Region.

4.1 Gutenberg-Richter relation (b-value) and magni-
tude completeness (Mc-value)

The relation between magnitude and frequency of occur-
rence of earthquakes was described by Gutenberg-Richter
(1944) as in the following equation

log,,N(M)=a-bM ()

where N(M) is the expected number of earthquakes with mag-
nitudes equal to or greater than M, b-value describes the slope
of the magnitude-frequency distribution, and a-value is pro-
portional to the activity rate of seismicity. a-value changes
from region to region. These variations depend on the obser-



. . Region Earthquakes Empirical relations Correlation
vation period, length of the stu- ..
. Number Number Coefficient

dy area and also size of earth-
1 20 MD = 0.881(+0.138)*ML+0.596(+0.286) 0.820

quakes. Utsu (1971) stated that
. 2 14 MD = 0.919(+0.023)*ML+0.292(+0.048) 0.996

parameter b varies roughly be-
) 3 11 MD = 0.991(+0.080)*ML+0.033(+0.158) 0.966

tween 0.3 and 2.0, depending
) . 4 24 MD = 0.768(+0.114)*ML+1.004(+0.239) 0.808

on the different regions. How- 5 4

ever, the changes in b-value can
6 26 MD = 0.816(+0.068)*ML+0.825(+0.147) 0.920

be caused by many factors such
7 14 MD = 0.812(+0.112)*ML+0.726(+0.234) 0.889

as the number of small and great 8 2

events, geological complexity
. 9 11 MD = 0.432(+£0.339)*ML+2.293(+0.675) 0.359

and degree of heterogeneity
. ) 10 23 MD = 0.843(+0.066)*ML+0.580(+0.137) 0.935

of cracked medium, strain and
L . 11 81 MD = 0.818(+£0.036)*ML+0.586(+0.075) 0.929

stress condition in the region
12 46 MD = 1.277(£0.209)*ML-1.372(+0.434) 0.669

(e.g., Schorlemmer et al., 2005).
. . 13 12 MD = 1.113(+0.389)*ML-0.555(+0.768) 0.636

The regional scale estimates of
. 14 29 MD = 0.956(£0.057)*ML+0.103(£0.114) 0.952

b-value are approximately equal
. 15 70 MD = 0.934(+0.029)*ML+0.163(+0.062) 0.967

to 1 on average (Frohlich and
Davis, 1993) 16 15 MD = 0.446(+0.146)*ML+1.900(+0.291) 0.619

avis, .

. 17 67 MD = 0.748(+0.043)*ML+0.869(+0.089) 0.903

Completeness magnitude Mc
. . . 18 12 MD = 0.886(+0.044)*ML+0.349(+0.087) 0.985

is an important parameter in
. i . 19 18 MD = 0.901(£0.049)*ML+0.268(+0.100) 0.974

many seismicity studies, especi-
i o . 20 62 MD = 0.939(+0.068)*ML+0.091(%0.138) 0.867

ally in investigation of magni-
. 21 22 MD = 0.876(£0.069)*ML+0.450(+0.139) 0.939

tude-frequency relation. The
o 22 17 MD = 0.873(£0.043)*ML+0.467(+0.089) 0.980

power law distribution of G-R
. . . . 23 11 MD = 1.229(x£0.691)*ML-0.707(+1.382) 0.473

against magnitude is used in
24 21 MD = 0.743(x£0.099)*ML+1.211(+0.222) 0.851

order to estimate Mc-value. The
variation in Mc-value is calcu-
lated using a moving time win-
dow approach (Wiemer and
Wyss, 2000). If the completeness magnitude changes syste-
matically as a function of time and space, temporal variations
of Mc-value can cause potential wrong value of seismicity pa-
rameters, primarily in b-value. Thus, Mc analysis of the cata-
log used in this study is an im-portant process since a part of
this study uses Mc-value in the estimation of b-value.

4.2 Fractal dimension (Dc-value)

To evaluate the size scaling attributes and clustering pro-
perties of seismotectonic arguments, fractal analysis is often
used. Spatial and temporal patterns of earthquake occurrence
are demonstrated to be fractal using the two-point correla-
tion dimension Dc. Correlation dimension Dc and the correla-
tion sum C(r) was defined by Grassberger and Procaccia (1983)
as in the following equations:

De=lim[logC(r/logr] (3)

C(N=2N,,/N(N-1) (4)
where C(r) is the correlation function, r is the distance between
two epicenters and N is the number of events pairs separated
by a distance R<r. If the epicenter distribution has a fractal
structure, following relation is obtained:

C(N~r (5)

Table 1: M, and M, relations for 24 different seismotectonic zones of Turkey. The values in the parenthe-
ses show the uncertainties (from Oztiirk, 2009)

where Dc is a fractal dimension, more strictly, the correlation
dimension. The distance r (in degrees) between two earth-
quakes is calculated from:

r=cos” (cos0,cosO,+sinO;sinO,cos(®,-0)) (6)

where (0,0) and (0,0, are the latitudes and longitudes of
the i™ and | events, respectively (Hirata, 1989). By plotting
C(r) against r on a double logarithmic coordinate, fractal di-
mension Dc is practically obtained from the slop of the graph.

Fractal dimension characterized the nature of spatial and
temporal properties of the earthquakes. Dc is calculated to
evaluate the possible unbroken sites and seismic gaps, which
may be broken in future (Kagan, 2007). In other words, the
fluctuations in fractal properties principally depend on the
complexity or quantitative measure of the degree of hetero-
geneity of seismic activity. Higher Dc-values associated with
lower b-values are the dominant structural feature in the
areas of increased complexity in the active fault system and
it may be caused due to clusters. Thus, this property may be
an indication of stress changes on fault planes of smaller sur-
face area (Oncel and Wilson, 2002; Polat et al., 2008).

4.3 Declustering of earthquake catalog and defini-
tion of the seismic quiescence method (Z-value)
The algorithm of cluster analysis “declusters” or decomposes
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an earthquake catalog into main and secondary events (Ara-
basz and Hill 1996). This process removes all dependent
events from each cluster and substitutes them with a unique
event. Eliminating the dependent events from the catalog is
necessary for a quantitative seismic quiescence analysis. In
this study, ZMAP software introduced by Wiemer (2001) is
used to decluster the earthquake catalog based on the algo-
rithm developed by Reasenberg (1985) and this declustered
catalogue is used for making seismic quiescence analysis. In
recent years, there were a considerable number of investiga-
tions of seismic quiescence phenomena by using ZMAP soft-
ware (e.g., Wyss et al. 2004, Polat et al. 2008; Oztiirk, 2011;
2013; Oztiirk and Bayrak, 2012).

There are 79,881 events with magnitudes equal to or larger
than 1.0 in the catalog. Average Mc-value for whole study re-
gion from 1970 to 2014 was calculated as 2.8 and the number
of events with magnitude M,<2.8 are obtained as 35,043. All
events with magnitude M,<2.8 are subtracted from the cata-
log and thus, the number of earthquakes exceeding this mag-
nitude threshold is found as 44,838. Using the declustering
algorithm, 8973 (about 20%) earthquakes are subtracted and
about 55% of all earthquakes in totally were taken away from
the catalog. Thus, the number of events for Z-test in the Wes-
tern Anatolian region was reduced to 35,865 with M,>2.8.

There are many techniques describing the seismicity rate
change and most of them use the phenomenon of seismic
quiescence and the most frequently used is the standard de-
viate Z-test. ZMAP technique is used in order to image the re-
gions displaying seismic quiescence (for details see Wiemer
and Wyss, 1994). Z-test generates the long term average, LTA,,,
function for the statistical evaluation of the confidence level
in units of standard deviations:

Z=(R,-R,)/(S}/N,+S3/N,)'"” (7)

where R, is the mean seismicity rate in the foreground window,
R, is the average number of earthquakes in the whole back-
ground period, S and N are the standard deviations and the
number of samples, within and outside the window. The Z-value
computed as a function of time, letting the foreground win-

»
=

Mec-value
w
h

g
=

N
n

g
=

1975 1980 1985 1990 1995 2000 2005 2010
Time (years)
Figure 3: Variations of magnitude completeness Mc-value from 1970
to 2014 in the Western Anatolian region. Standard deviation (6Mc) of
the completeness (dashed lines) is also given. Mc is plotted for over-
lapping samples, each containing 250 events
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dow slide along the time duration of catalogue, is called LTA.

5. Results of Spatial and Temporal Analyses and Dis-
cussions

In the scope of this study, the Western Anatolian region is
divided into 18 different seismotectonic zones to make a de-
tailed statistical analysis among two seismotectonic parame-
ters, b and Dc-values. The calculation of b and Dc-values for
18 regions is carried out using ZMAP software (Wiemer, 2001).
The maximum likelihood method is used in order to calculate
the b-values, because it yields a more robust estimate than
the least-square regression method (Aki, 1965). The Dc-values
for all parts of the Western Anatolian region are obtained with
95% confidence limits by linear regression.

Mc usually shows a non-stable value in time and has a great
importance for many seismic studies. It is very important to
use the maximum number of earthquakes for high quality
results in seismicity analyses. In this study, the change of Mc-
value as a function of time is estimated by using a mowing
window approach with maximum curvature method (Woess-
ner and Wiemer, 2005). The whole earthquake catalog contai-
ning all 79,881 events with M,>1.0 is included in the estima-
tion of Mc-value and it is plotted with its standard deviation
for samples of 250 events/windows. Figure 3 shows the chan-
ges in Mc-value with time. Mc-value is rather large and varies
from 3.5 to 4.5 until 1975 whereas it changes from about 3.5
to about 2.5 between 1975 and 1990. Mc has a value between
2.7 and 3.0 from 1990 to 2010. Then, Mc-value is smaller than
2.7 after 2010. It can be easily seen that Mc-value changes
between 3.0 and 2.5 after 2000. As a result, Mc-value for the
Western Anatolian region varies between 2.5 and 3.0 and this
value is compatible with the results of Polat et al., (2008).

Figure 4 shows the cumulative number of events versus
time for the original catalog including all dependent 79,881
events with M,21.0 and for the declustered catalog including
35,865 independents events with M,22.8 between 1970 and
2014. As shown in Figure 4, there is no significant seismic acti-
vity from 1970 to 1976 and a little seismicity change between
1976 and 1995. On the contrary, there are great seismic chan-
ges after 1995. The cumulative earthquake number of declus-
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Figure 4: Cumulative number plots of the earthquakes versus time
for all events with M,21.0 and declustered events with M,>2.8 in the
Western Anatolian region
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tered catalog with M,22.8 as a function of time for the Wes-
tern Anatolian region has a smoother slope when compared
to the original catalog. Thus, it is clear from Figure 4 that de-
clustering algorithm has removed dependent events from
the original catalog and after processing the declustering
algorithm, a more homogeneous, reliable and robust earth-
quake catalog has been obtained.

The resulting values of two seismotectonic parameters for
all tectonic subregions are shown in Table 2: b-value changes
between 0.97 and 1.95; b-values smaller than 1.0 are found
in regions 7 and 13, including Burdur Fault zone and Kiitahya
graben. Moderate values around 1.0 are calculated along the
Aliaga and Dumlupinar Faults, Aegean Arc and region 18 (wes-
tern sea part of Bakircay graben). The highest b-value is cal-
culated as 1.93 in region 16, including Zeytindag-Bergama
faults. Other high values above 1.5 are estimated in regions 5,
15 and 17 - these regions are related to the Mugla and Rhodes
region, Soma and Bakircay grabens. The b-values obtained
for the rests of the subregions range from 1.2 to 1.5. Regional
distribution of b-value is also plotted at every node of the
0.05° grid (Fig. 5). As for changing Mc-values, variations in b-
values are estimated by using a moving window approach.
Declustered earthquake catalog with M,>2.8 is included in
the estimation of b-value with samples of 500 events/win-
dows. As stated in Frohlich and Davis (1993), average b-value
estimation is approximately equal to 1.0. The Western Anato-
lia is an extensional zone and has relatively large b-values
since the stress is more easily reduced caused by great num-
ber of small earthquakes and this situation can be explained
by large heterogeneity (Polat et al., 2008), low stress distribu-
tion due to high heat flow (ilkisik, 1995). According to Scholz
(1968), lower b-values indicate higher stress release. Conse-
quently, low b-values in the Burdur Fault zone and Kiitahya
graben may be an indication of low degree of heterogeneity,
high-strain due to the subduction tectonics and stress to build
up over time and to be released by earthquakes that are less
frequent but great in magnitude (Oncel and Wilson (2002). In
the regions where larger b-values are estimated, however, this
situation may be considered as an indication of low stress re-
lease by a large number of small earthquakes and thus geo-
logical complexity is very high (Lopez Casado et al., 1995). As
a general result, estimated b-values through the maximum
likelihood approach for the G-R method seem to have a good
relation to the tectonics and seismic activity. Thus, special
interest should be given to the regions where low b-values
are observed.

Fractal dimension Dc-value varies from 2.11 to 2.51 for all
18 seismotectonic subregions as seen in Table 2. Dc-values
are below 2.3 in regions 5, 12, 14 and 16. These regions cover
Mugla and Rhodes, Gediz, Alasehir and Simav grabens, and
Zeytindag-Bergama faults. Dc-values changing between 2.3
and 2.4 are obtained in regions 1, 2, 3, 8,9, 10, 15 and 17 which
includes Sandikli and Domboyova grabens, Acigél, Dinar, Civril,
Golhisar ve Cameli faults, Buylk and Kiiciik Menderes grabens,
western part of Aliaga and Dumlupinar faults, Soma and Ba-

kircay grabens. In all the remaining regions, Dc-values fluc-
tuate between 2.4 and 2.5 (regions 4, 6, 7, 11, 13, 18). These
zones are related to Marmaris, Kdycegiz and Fethiye faults,
Aegean Arc, Burdur fault zone, Aliaga and Dumlupinar faults.
Estimated Dc-values in the Western Anatolia are generally
higher than 2.2. As in b-value map (Fig. 5), the regional distri-
bution of Dc-values is also plotted at every node of 0.05° grid
(see Fig. 6). These results reveal that the earthquake distribu-
tion becomes less clustered (higher Dc-value) since the proba-
bility of strong earthquakes becomes smaller (larger b-value)
and this indicate that, in general, there is greater fracture
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Figure 5: Spatial distribution of seismic b-value for the Western Ana-
tolian region. White dots show the declustered earthquakes with
M,22.8
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Figure 6: Spatial distribution of fractal dimension Dc-value for the
Western Anatolian region. White dots show the declustered earth-
quakes with M,>2.8
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toughness in all parts of the Western Anatolia. Barton et al.,
(1999) stated that the faults where earthquakes are caused
by failure of isolated, small asperities and occurred in clusters,
are related to the higher b-value and lower Dc-value. The hig-
her order fractal dimension (especially greater than 2.3) is in-
creasingly sensitive to heterogeneity in the distribution of
magnitudes. This suggests that seismicity is more clustered
at larger scales (or in smaller areas) in these regions. However,
there are only two regions whose b-values are smaller than
1.0 and in addition, higher Dc-values larger than 2.4 are esti-
mated in these zones. As stated above, these zones are rela-
ted to the Burdur fault zone (region 7) and Kitahya graben
(region 13). Oncel and Wilson (2002) stated that, in the regions
of increased complexity in the active fault system (higher Dc-
value) associated with lower b-value, the stress release occurs
on fault planes of smaller surface area. As a result, it is reaso-
nable to assume that the higher Dc values (22.4) and lower b-
values (<1.0) are the dominant structural feature in the study
area and may arise due to clusters since the uniform distribu-
tion of events decreases with an increase in the clustering of
earthquakes.

To determine a reliable and suitable statistical relationship
between two seismotectonic parameters b and Dc-values for
the Western Anatolia, the orthogonal regression (Carrol and
Ruppert, 1996) is used since the standard least square method
is based on the assumption that horizontal axis values are
estimated without error. Figure 7 shows the relationship of
orthogonal regression fit between b and Dc-values. Also, Dc-
value versus b-value for orthogonal regression method with
fit curve, corresponding equation and, 95% confidence inter-
val are given (Fig. 7). Negative correlation coefficient (r) is cal-
culated as 0.73 and it can be accepted as a strong enough
value. There are 13 earthquakes within the confidence limit
of the regression. Linear regression fit is used and following
relationship is obtained:

Dc=2.74-0.29%b, (r=0.73) (8)

Many examples of previous studies on the correlation be-
tween Dc and b-values can be found for different parts of the
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Figure 7: Orthogonal regression fit, confidence interval, correspon-
ding equation and correlation coefficient for the relationship b-value
and Dc-value for the Western Anatolian region. There are 13 events
in the confidence interval
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world (e.g., Aki, 1981; Hirata, 1989; Oncel et al., 2001; Roy, et
al., 2011) and Turkey (e.g., Oncel et al., 1995; 1996; Oncel and
Wilson, 2002; 2007; Oztiirk, 2012). Since Aki (1981) suggested
a simple relationship between b and Dc-values with a positive
correlation D=3b/c (where c is a constant determined from
the slope of the log moment versus the magnitude relation,
c is normally taken as 1.5), both positive (e.g., Oncel and Wil-
son, 2004; Roy et al., 2011) and negative (e.g., Hirata, 1989,
Oncel et al., 1995; 1996) correlations between these two seis-
motectonic parameters have been reported for different parts
of the world and Turkey.

Hirata (1989) pointed out that Aki's fractal dimension cor-
responds to the capacity dimension and may be compared
with the correlation dimension. Hirata's (1989) result do not
support Aki's speculation that D=3b/c, on the contrary, there
is a negative correlation as Dc=2.3-0.73*b (with r=-0.77) be-
tween b and fractal dimension of epicenters in the Tohoku
region of Japan. Similarly, a study of seismicity in the North
Anatolian Fault Zone (NAFZ), Turkey, revealed a long- term
negative correlation between b and Dc (Oncel et al., 1995).
The b-value is found to be weakly negatively correlated with
fractal dimension as Dc=2.74-1.52*b (with r=-0.56) for the NAFZ
(including the northern Aegean sea) in Oncel et al., (1995).
Also, Oncel et al., (1996) investigated the nature of temporal
variations in the statistical properties of seismicity associated
with the NAFZ during the instrumental period 1900-1992 and
observed a strong negative correlation (r=-0.85) between Dc
and b-values as Dc=2.32-1.09*b. In contrast, Oncel and Wilson
(2002) made an analysis that is restricted to the NAFZ. They
found a weak positive correlation (r=0.48) between variations
in b and Dc in the western NAFZ. Analysis presented in Oncel
and Wilson (2004) reveals a strong positive correlation (r=0.81)
between Dc and b-values along the NAFZ during the 1981 to
1998 time period preceding the 1999 Izmit earthquake. Oncel
and Wilson, (2007) observed a strong positive correlations
between Dc and b-value during the 1992-1994.4 (r=0.84) and
1996.6-1998.2 (r=0.94) and negative correlation (r=-0.71) ex-
tending from approximately mid-1994 to mid-1996 in the
northwestern Turkey between 40.5° to 41° north latitude, and
29° and 31° east longitude. Consequently, estimated relation,
correlation coefficient and the number of events in the confi-
dence limit from orthogonal regression provides a reliable
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Figure 8: Magnitude distribution as a function of time for earthquakes
occurred in the Western Anatolian region from 1970 to 2014



Region Tectonic Environments Earthquake Numbers Mc value b-value Dc-value
1 Sandikli and Dombayova Grabens 2550 2.9 1.2940.05 2.36+0.03
2 and Acigol, Dinar and Civril Faults 2043 3.0 1.47+0.09 2.31+0.03
3 Golhisar and Cameli Faults, 7532 3.0 1.49+0.05 2.31+0.05
4 Marmaris, Kéycegiz, Fethiye Faults 2625 2.8 1.24+0.06 2.51+0.03
5 and Mugla and Rhodes Region 2347 35 1.63+0.09 2.22+0.02
6 Aegean Arc 1751 3.5 1.19+0.07 2.43+0.02
7 Burdur Fault Zone 2039 2.8 0.98+0.05 2.45+0.03
8 Biyuk and Kiicik Menderes 4236 2.9 1.28+0.07 2.34+0.03
9 Grabens 2650 2.9 1.37+0.06 2.36+0.03
10 . 1053 3.1 1.34%0.06 2.36+0.03

Aliaga and Dumlupinar Faults
11 4777 3.1 1.18%0.12 2.44+0.02
12 Gediz Graben and Alasehir Graben 2402 2.8 1.25+0.05 2.23+0.01
13 Kutahya Graben 7684 2.6 0.97+0.15 2.41+0.03
14 Simav Graben 8351 2.8 1.24+0.05 2.27+0.06
15 Soma Graben 9123 2.7 1.63+0.05 2.37+0.02
16 Zeytindag-Bergama Faults 6790 2.7 1.95+0.06 2.11+0.03
17 2237 3.0 1.63+0.07 2.39+0.02
Bakircay Graben
18 1574 3.3 1.19+0.04 2.44+0.04

Table 2: Seismotectonic parameters b and Dc-values with their standard deviations as well as the number of earthquakes and completeness mag-

nitudes for all tectonic subregions in the Western Anatolian region

assessment for the seismotectonics of the Western Anatolian
region. Also, this equation is basically similar to the results
presented in the literature.

The seismotectonic parameters b and Dc-values as well as
the numbers of earthquakes, minimum (M_,) and maximum
(M
are given in Table 3. In order to make an assessment on the

) Magnitudes, Mc-values and, a-values for every one year
seismic activity with time, temporal distribution of all M,21.0
earthquakes from 1970 to 2014 is plotted as seen in Figure 8.
As shown in Table 3, there are a few strong earthquakes lar-
ger than 5.5 from 1970 to 2000. But further on, significant
fluctuations in seismic activity are recorded after year 2000.
Magnitude-time histogram indicates great seismic changes
in the number of strong events especially from 2005. The
seismic activity related to the clustering properties is clearly
observable and this situation may correspond to a main event
in the region. In addition, temporal clustering characteristic
of the seismic activity related to the major events is strong
enough for many earthquakes in which occurred 1975, 1981,
1997, 2002, 2003, 2005, 2008, 2011, 2012 and 2013. Temporal
changes in b and Dc-values versus time are plotted in Figure
9. These variations as a function of time are estimated to in-
vestigate the possible temporal changes during the time pe-
riod 1970 and 2014. While Dc-values show a strong increa-
sing trend before some certain years, b-values show a strong
decreasing trend in the same years. Also, these fluctuations
can be clearly seen in Table 3 and from arrows on Figure 9.
For example, Dc-value is increasing while b-value is decrea-
sing from 1974 to 1975 and, a larger earthquake than that of
1974 occurred in 1975. Such kind of similar changes are also
estimated between 1978 and 1979, 2000 and 2001, 2004 and
2005, 2006 and 2007. However, such kinds of changes are not
observed from 1997 t01998 and from 2011 to 2012. Many fac-

tors can cause perturbations of these parameters as mentio-
ned above. In active fault system, stress release occurs on
fault planes of smaller surface area since the higher Dc-values
are associated with lower b-value. The higher order fractal di-
mension is increasingly sensitive to heterogeneity in the dis-
tribution of magnitudes. This suggests that seismicity is more
clustered at larger scales (or in smaller areas) in the West Ana-
tolian region.

In order to map the spatial distribution of the Z-value, the
study area is firstly divided into rectangular cells spacing 0.05°
in latitude and longitude. The nearest earthquakes, N, at each
node are taken as 50 events. Then, the changes in seismic ac-
tivity rate are searched within a maximum radius changes by
a moving time window T,, (or iwl), stepping forward through
the time series by a sampling interval as described by Wiemer
and Wyss (1994). In order to have a continuous and dense co-
verage in time, population of the events is binned into many
binning spans of 28 days for each grid point. T,,=5.5 years are
used as the window length because the quiescence areas are
better visible for a window of 5.5 years.

Regional variations of Z-value with T,=5.5 years is plotted
in Figure 10. The length of T, for Z-value map is calculated by
adding T,-value to the time chosen as the beginning of
the time cut as indicated in top of the Figure 10. Thus, Z-value
map is plotted for the beginning of 2014. Some clear seismic
quiescence regions in the Western Anatolia are defined. These
anomalies regions are pointed out around and in the north-
east of Simav fault (region 14), between Soma (region 15) and
Bakircay grabens (region 17), around Aliaga-Dumlupinar faults
(region 11) and Alasehir graben (region 12), in the western
end of Gediz graben (region 12), in the junction of Gediz, K-
¢lik and Blyilik Menderes grabens (region 8), between Gélhi-
sar-Cameli faults and Mugla-Rhodes region (region 3), around
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Acigol, Dinar, Civril faults (region 2), in the southeastern part
of the Zeytindag-Bergama faults (junction of regions 11 and
12), between Sandikli-Domboyova grabens (region 1) and
Burdur fault zone (region 7).

In addition to above-mentioned quiescence areas, there are
a few anomalies in the western part of the study area. One of

them is found centered at the coordinates 39°N in longitude
and 25°E in latitude, 38°N in longitude and 25°E in latitude
and nearly 37°N in longitude and 26°E in latitude. These areas
are in the sea part of the Western Anatolian region, which has
no fault system (regions 10 and 18). These values can be inter-
preted as the artificial results from contouring or interpolations
since there are fewer earthqua-
kes in these regions. As stated

Year Earthquake | M., | M., | Mc-value | a-value b-value Dc-value ) . .
Numbers in Joswig (2001), characterlzmg
1970 238 40 | 55 44 9.31 165010 | 2.54+0.03 the null hypothesis should be
1971 91 40 | 53 42 7.98 1.57£0.04 | 2.46:0.03 made before the interpretation
1972 35 39 | 50 40 13.2 1.09£0.12 | 1.5020.01 of the seismic quiescence maps.
1973 28 39 | 50 42 7.11 140£0.30 | 1.50£0.01 This means the fraction of suc-
1974 221 28 | 5.1 34 559 | 1.54£0.09 | 1.55+0.01 cess for earthquake predictions
1975 166 27 | 56 35 5.67 1.21£0.07 | 1.64+0.03 and it can be achieved by pure
1976 1241 26 | 53 35 7.86 1.48+0.06 | 1.77+0.02 chance. Such kind of quiescen-
1977 840 27 | 53 3.5 5.86 1.38£0.08 | 1.82+0.02 ce maps do not issue any alert
1978 562 23 | 49 34 7.35 1.66£0.11 | 1.97£0.02 but should help to relate quie-
1979 1016 22 | 55 34 670 | 1.20+004 | 2.030.03 scence spots to pending earth-
1980 616 20 | 52 3.0 5.32 1194007 | 1.92+0.02 quakes. 5o, the null hypothesis
1981 697 18 | 60 3.0 5.26 1174005 | 2.13+0.07 describes how many quiescence
1982 787 18 | 48 3.2 535 | 1.24+0.04 | 201+0.02 anomalies would precede a real
1983 599 19 | 54 3.0 5.10 1.1940.09 | 2.00+0.03 event, even if the earthquake
1984 1062 20 | 49 2.8 4.90 1142010 | 1.92+0.04 distribution is completely ran-
1985 847 21 | 49 29 5.54 1.09£0.06 | 1.79+0.02 dom. The small scale quiescence
1986 1310 20 | 54 3.0 644 | 1.18+004 | 1.96+0.04 anomalies in some regions can
1987 597 21 | 47 28 432 | 0774010 | 1.52+0.03 be interpreted as false alarms
1988 669 21 | 49 25 492 | 095+008 | 1.17+0.03 exceeding in significance the
1989 1312 21 | 50 3.0 5.22 1392011 | 1.54%0.03 precursors. This randomness
1990 1610 20 | 52 29 518 | 1.16£0.10 | 1.39+0.03 could be derived from the given
1991 1164 17 | 54 3.0 5.09 1424013 | 1.5320.03 catalogue by arbitrarily altering
1992 1350 22 | 54 3.0 6.20 1513009 | 2.54+0.03 the event times, but keeping
1993 2375 23 | 50 28 7.71 1494008 | 2.51+0.03 their locations for the spatial
1994 2585 23 | 51 238 700 | 1.36£003 | 223+0.03 clustering (Joswig, 2001). Thus,
1995 3295 23 | 52 28 693 | 1.45:005 | 223+0.03 such kind of heterogeneous re-
1996 2573 23 | 49 2.7 7.19 143£0.03 | 2224003 porting as a function of time can
1997 2462 22 | 55 2.7 7.27 149£0.04 | 2.15£0.02 generate false alarms and im-
1998 1389 24 | 53 26 639 | 127003 | 2.37+0.05 pede reliable measurement of
1999 1393 22 | 52 2.8 6.40 1484006 | 2.24+0.04 natural seismicity rate changes.
2000 1181 24 | 49 3.0 736 | 150005 | 2.36x0.03 Polat et al., (2008) made an
2001 1125 22 | 53 28 6.19 | 1.17+0.04 | 2.58+0.04 earthquake hazard assessment
2002 1344 22 | 59 28 640 | 1.20+0.03 | 261+0.02 for the Aegean extension region
2003 1357 21 | 56 2.8 6.82 1074013 | 2.31%0.05 of Turkey by using fractal beha-
2004 2526 23 | 53 28 693 | 130003 | 2.54x0.04 vior, Gutenberg-Richter b-value
2005 4188 22 | 59 2.8 6.87 1212002 | 2.72+0.04 and seismic quiescence Z-value.
2006 1336 23 | 52 29 7.10 1632007 | 2.14%0.03 They found some anomalous
2007 1449 23 | 53 3.0 671 | 1.26+0.04 | 2.29+0.06 regions including Gandarh Bay
2008 2418 23 | 64 28 681 | 145:009 | 2.43+0.04 and Bergama-Zeytindag fault
2009 2945 20 | 52 27 649 | 135:0.11 | 2310.05 zone, [zmir and Orhanli faults
2010 3856 21 | 50 2.7 7.10 1.38£0.02 | 2.20+0.05 zone and, Buldan and surroun-
2011 6160 16 | 67 27 7.28 1.39£0.02 | 2.20+0.05 ding regions. They suggested
2012 8926 10 | 57 24 624 | 1.15£0.11 | 2.31x0.05 that the sites of larger Z-values
2013 7940 10 | 59 24 5.57 148+0.08 | 2.16+0.05 and smaller b-values can be con-

Table 3: b and Dc-values and some other seismic parameters such as the number of earthquakes, mini-
mum magnitudes, maximum magnitudes and a-value as a function time for the Western Anatolian region
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sidered to be the most likely
regions for future earthquakes.
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Figure 9: Variations of the seismotectonic parameters b and Dc-val-
ues as a function of time in the Western Anatolian region after 1970.
Standard errors are also shown. Arrows indicate the beginning times
of decreasing in b-value and increasing in Dc-value

This evidence can be explained with most promising environ-
ment where decrease in b-value is found with an increase in
mean stress (Westerhaus et al., 2002). In this study, both the
highest b-value and Z-value are observed in some regions in-
cluding Simav and Alasehir grabens, Gediz, Kiicik Menderes
and Buyuk Menderes grabens, Golhisar-Cameli faults and
Mugla-Rhodes region, Acigdl, Dinar, Civril faults and, Sandikli-
Domboyova grabens. However, the lower b-values and the
higher Z-values are observed in some regions including Bur-
dur fault zone, Aliaga-Dumlupinar faults and Bakircay grabens.
Also, the findings and anomaly regions for b and Z-values in
this study are more up-to-date and quite similar with those
of Polat et al., (2008).

An investigation of the seismicity of Western Anatolia was
made by Sayil and Osmansahin (2008), computing the para-
meters of Gutenberg-Richter b-value, seismic risk and recur-
rence period. According to their seismic risk estimations, the
highest-earthquake occurrence probability of Ms>7.0 in the
next 100 years is 80.6+0.20% for their subregion 9 (around
Bodrum-istankdy) and 77.8+0.17% for their subregion 1 (in-
cluding Balikesir). Recurrence times for the earthquakes with
the same magnitude have been found as 61 and 67 years in
these subregions by Sayil and Osmansahin (2008). Their re-
gions 1 and 9 cover Bakircay graben (regions 17 and 18) and
Mugla-Rhodes region (region 5) in this study. Although no
anomaly is observed in Mugla and Rhodes region, the results
in the regions including Bakircay graben are similar with those
of Sayil and Osmansahin (2008).

Oztiirk et al. (2008) estimated the earthquake hazard para-
meters for different regions in and around Turkey using Gum-
bel’s first asymptotic distribution. They estimated the mean
return periods, the most probable maximum magnitude and
the probability of an earthquake occurrence for a given mag-
nitude in a period of 10, 25, 50, and 100 years for 24 regions
in and around Turkey. Their regions 13 (including Burdur fault
zone), 15 (covering Gediz graben, Aliaga-Dumlupinar faults)
and 17 (Kutahya-Simav and Zeytindag-Bergama faults) are up-
dated in this study in order to compare such tectonic zones
in smaller scale and detail. The results from Oztiirk et al. (2008)
show that the mean return period for Ms>5.5 in their region
13 covering the Burdur fault zone (region 7 in this study) is
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Figure 10: Spatial distribution of seismic quiescence Z-value in the be-

ginning of 2014 with T, (iwl) equal to 5.5 years for the Western Anato-

lian region. White dots show the declustered earthquakes with M,>2.8

equal to 24.55+0.28 years. For their region 15, including the
Aliaga and Dumlupinar faults (regions 10 and 11 in this stu-
dy), the value of the mean return period for Ms=6.0 is calcula-
ted as 23.44+0.06 years. In their region 17 covering Kitahya,
Simav, Soma and Bakircay grabens and Zeytindag-Bergama
faults (regions 13, 14, 15, 16, 17 and 18 in this study), the
mean return period value for the earthquakes with Ms>6.0 is
computed as 18.62+1.29 years. According the results from
Oztiirk et al. (2008), these short mean return periods for the
earthquakes between 5.5 and 6.0 in mentioned regions, es-
pecially the Burdur fault zone, Bakircay graben and Aliaga-
Dumlipinar faults, are important and in high risk. Thus, the
next earthquake of such magnitude in these regions can be
expected between 2017 and 2022.

Thus, spatial and temporal analysis of the current seismic
behaviors of earthquakes may be the key to the future earth-
quake potential in the Western Anatolian region. For this rea-
son, size scaling parameters such as Dc-value, b-value, Z-value
and their relations must be more carefully estimated in order
to reveal the significant anomalies prior to a strong earthquake
in the next future. There is a current quiescence in the begin-
ning of 2014 and the other seismotectonic parameters cor-
relate with this quiescence. Consequently, special attention
must be given to these anomaly regions in Western Anatolia.

6. Conclusions

This study focused on the spatial and temporal behaviors of
the seismic activity in the Western Anatolian region of Turkey.
In this scope, statistical correlation between seismotectonic
b-value and Dc-value is estimated and the current seismicity
rate changes in the beginning of 2014 are mapped. Earth-
quake catalogue, taken from KOERI, is homogeneous for du-
ration magnitude, M, and consists of 79,881 events with mag-

181



nitudes between 1.0 and 6.7 from January 1, 1970 to January
1, 2014. Average Mc-value for whole study region from 1970
to 2014 is estimated as 2.8. Reasenberg'’s algorithm is used to
decluster the catalog and then seismic quiescence Z-value is
calculated. The Western Anatolian region was divided into 18
different seismogenic subregions to make a comprehensive
study. The maximum likelihood method is used to calculate
the b-values and linear regression with 95% confidence limit
is used to obtain Dc-values.

Significant changes in seismic activity started after 2000 and
there was an increase in the number of earthquakes with mag-
nitudes greater than 5.5. However, great seismic changes star-
ted after 2005. Thus, seismic activity is more clustered at lar-
ger scales (or in smaller areas) in the West Anatolian region.
According to the results of regional and temporal changes in
seismotectonic parameters b and Dc-values, there are clear
fluctuations in the study area. So, there has been a strong
earthquake potential in the Western Anatolia because of these
recent seismic fluctuations. The Burdur fault zone and Kiitahya
graben in which b-values are smaller than 1.0 must be given a
special caution, as higher Dc-values are associated with lower
b-values. To estimate a more up-to-date and reliable statistical
relation between two seismotectonic parameters b and Dc-
values, orthogonal regression is preferred. The relationship of
Dc=2.74-0.29%b is suggested with a strong enough negative
correlation (r = -0.73) for the Western Anatolia earthquake
distributions.

Regional variation of the seismicity rate changes is analyzed
by generating LTA(t) function at the nodes of 0.05°x0.05° grid
spaces. Using a moving time window T,=5.5 years, seismic
quiescence Z-value distribution in the beginning of 2014 is
mapped. The regions exhibiting lower b-values and higher Z-
values are observed in the Burdur fault zone, Aliaga-Dumlu-
pinar faults and Bakircay grabens. As a general result, the re-
lationships between seismic b-value, fractal dimension Dc-
value and seismic quiescence Z-value may provide significant
clues to reveal the probable locations of future earthquakes
in the Western Anatolian region.
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