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A B S T R A C T 

North Anatolian Fault (NAF) is one from the most important strike-slip fault zones in 
the world and located among regions in the highest seismic activity. The NAFZ ob-

served very large earthquakes from the past to present. The aim of this study; the 

important parameters of Gutenberg-Richter relationship (a and b values) estimated 

and this parameters taking into account, earthquakes were examined in the between 

years 1900-2015 for 10 different seismic source regions in the NAFZ. After that esti-
mated occurrence probabilities and return periods of occurring earthquakes in fault 

zone in the next years, and is being assessed with Poisson method the earthquake 

hazard of the NAFZ. The 10 different seismic source regions are determined the rela-

tionships between the cumulative number-magnitude which estimated a and b pa-

rameters with the equation of LogN=a-bM in the Gutenberg-Richter. A homogenous 

earthquake catalog for MS magnitude which is equal or larger than 4.0 is used for the 

time period between 1900 and 2015. The database of catalog used in the study has 

been created from International Seismological Center (ISC) and Boğazici University 

Kandilli observation and earthquake research institute (KOERI). The earthquake 

data were obtained until from 1900 to 1974 from KOERI and ISC until from 1974 to 

2015 from KOERI. The probabilities of the earthquake occurring are estimated for 

the next 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 years in the 10 different seismic 
source regions. The highest earthquake occur probabilities in 10 different seismic 

source regions in the next years estimated that the region Tokat-Erzincan (Region 9) 

99% with an earthquake occur probability for magnitude 6.5 which the return period 

24.7 year, 92% with an earthquake occur probability for magnitude 7 which the re-

turn period 39.1 year, 80% with an earthquake occur probability for magnitude 7.5 

which the return period 62.1 year, 64% with an earthquake occur probability for 

magnitude 8 which the return period 98.5 year. For the Marmara Region (Region 2) 

in the next 100 year estimated that 89% with an earthquake occur probability for 

magnitude 6 which the return period 44.9 year, 45% with an earthquake occur prob-

ability for magnitude 6.5 which the return period 87 year, 45% with an earthquake 

occur probability for magnitude 7 which the return period 168.6 year. 
 

 

A R T I C L E   I N F O 

Article history:  

Received 23 April 2016 

Accepted 16 June 2016 
 
Keywords: 

North Anatolian Fault Zone 

Earthquake hazard 

Poisson method 

Seismic source regions 
 

1. Introduction 

The earthquake hazard of regions represented a pos-
sible potential or level of expected hazard and caused 
by geological structure features, tectonic movements, 

geophysical fields etc.  At the same time, the satisfactory 
evaluation of earthquake hazard was one of the major 
problems of engineer seismology. The appraisal of earth-
quake hazard of the territory is realized using essential-
ity and probabilistic methods. The indifferent information 
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of some parameters and random character of seismic 
events were caused the probabilistic analysis of earth-
quake hazard evaluation included some models of seis-
mic sources, the earthquake return periods, the seismic 
signal attenuation, and distance addiction, and much un-
certainty. Although in the obligation analysis of earth-
quake hazard evaluation the uncertainty was not be-
lieved, just the extreme seismic effect is estimated in the 
real territory, using near earthquake source with con-
stant magnitudes. (Zaalishvili, 2012). 

The probabilistic evaluation described first by Cornell 
which used in most earthquake hazard analysis, and usu-
ally receivable for four important information (Reiter 
1991).  
 Description of earthquake source regions 
 Description of recurrence characteristic for each re-
gion 
 Evaluation of earthquake effect  
 Description of hazard at the territory.  

The amount, sizes, and location of future earthquakes 
were determined a true approach by probabilistic esti-
mates. (Bazzuro and Cornell, 1999).   

In the past years, stochastic models of earthquake oc-
currence have been recommended (Kagan, 1996). The 
firstly reasons for the stochastic model formulation, the 
small number of parameters evaluated, the different of 
regions could be applied and the about ease with which 
hazard although a few sources might be combined. The 
hazard evaluation most important for earthquake fore-
casts knowledgeable determinations in of earthquakes 
hazard and exigency responsibility (Kagan, 2010). The 
occurring randomly in time, space and magnitude have 
long been determined by earthquake events. According 
to an assumption, earthquakes estimated a stochastic 
process free sequence of events space and extrication all 
of the energy at a point, space and in time. The happen-
ing of a next event was not attached to at the time, size 
or location of the last or no of the proceeding events. The 
detached supposition pleased the Poisson process. In ac-
cordance with the Poisson process, if a large earthquake 
consisted on at a point in time, the likelihood of another 
large event occurred in the near future is not changed 
(Anagnos and Kiremidjian, 1988). The Poisson model 
was well definitional earthquake occurrence which used 
for determined of the earthquake hazard analysis exten-
sively in the time (Cornell, 1968).  

The different researchers have applied the Poisson 
models in the world. The Poisson distribution used for 
determined the statistical distributions of earthquake 
numbers by Kagan (2010). The negative binomial distri-
bution (NBD) has got a higher variance than the Poisson 
law, which could be shown (Kagan, 1973a; 1973b). The 
generalized Poisson distributions could be used to about 
earthquake numbers (Cornell, 1968). The some arbi-
trary compounding distributions from the empirical ob-
servations on the earthquake sequences which deter-
mined earlier for earthquake occurrences for the com-
pound Poisson process models (Moharir, 1992) and 
compound Poisson models determined as alternatives to 
the Poisson process model (Singh 1983). The earthquake 
sequences which used estimating seismic risk relate to 
Poisson model (Molchan et al., 1970). Lenord et al. 

(2001) and more extensively and appropriated method 
based on the Poisson distribution which assumed different 
unknown variances for the frequencies, equal to the means.   

The NAFZ has been the highest earthquake activity 
among regions in the world. Most large earthquakes 
have occurred on this fault system in Turkey. A lot of 
studies have been made to evaluate of earthquake haz-
ards in the NAFZ. Semi-Markov method is applied for 
earthquakes larger than 5.5 magnitude occurred be-
tween 1900 to 1986 years (Altınok, 1988). Öncel et al. 
(1996) and Mäntyniemi and Kijko (1991) studied earth-
quake risk using maximum likelihood method. The 
earthquake hazard parameters are estimated with Kijko 
and Sellevoll method (Bayrak et al., 2011). Türker and 
Bayrak (2015b) determined the earthquake hazard us-
ing the Bayesian method in the NAFZ. Also, Bayrak and 
Türker investigated the earthquake hazard using differ-
ent statistics methods in different areas of Turkey (Bay-
rak and Türker, 2015a; 2016a; 2016b).    

The aim of this study; the important parameters of 
Gutenberg-Richter relationship (a and b values) esti-
mated and these parameters taking into account, earth-
quakes were examined in the instrumental period for 10 
different seismic source regions in the NAFZ. After that, 
estimated occurrence probabilities and return periods of 
occurring earthquakes in fault zone in the future years 
(10, 20, 30, 40, 50, 60, 70, 80, 90 and 100), and is ap-
praised with Poisson method the earthquake hazard of 
the NAFZ. 

2. Data and Seismic Source Regions  

In this study; is used the instrumental earthquake cat-
alog by Bayrak et al. (2009). A homogenous earthquake 
catalog for MS magnitude which is equal or larger than 
4.0 is used for the time period between 1900 and 2015. 
The catalogs contain the origin time, different magni-
tudes scales (MB-body wave magnitude, MS-surface wave 
magnitude, ML-local magnitude, MD-duration magnitude, 
and MW-moment magnitude), epicenter and depth infor-
mation of earthquakes. The database of catalog used in 
the study has been created from International Seismo-
logical Center (ISC) and Boğaziçi University Kandilli ob-
servation and earthquake research institute (KOERI). The 
earthquake data were obtained until from 1900 to 1974 
from KOERI and ISC until from 1974 to 2015 from KOERI.  

We prepared a homogenous data catalog for that pe-
riod fulfill the basic requirement of homogeneity of MS 
magnitude using relationship which is equal or larger 
than 4.0, and used only instrumental part of the earth-
quake catalogue. We applied decluster on the earth-
quake catalog. Earthquake catalogs were frequently de-
clustered which using a pioneer to modeling the residual 
events as a substantiation of a spatially inhomogeneous 
in temporally homogeneous Poisson process (Luen and 
Stark, 2012).  

We updated different nine seismic sources defined by 
Bayrak et al. (2011). We divided Region 3 given by Bay-
rak et al. (2011) into two different source regions con-
sidering Düzce Faults is a different source. Finally, 10 dif-
ferent seismic source regions shown in Fig. 1 are defined 
to study earthquake hazard parameters of NAFZ.  
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Fig. 1. a) The 10 different seismic source regions are shown on the North Anatolian Fault Zone (NAFZ);  
b) The epicenter of MS≥4.0 are shown with different symbols. The NAFZ is demonstrated on Turkey map.

We divided into 10 different seismic source regions 
based on epicenter distribution, tectonics, seismicity and 
focal mechanism solutions as shown in Table 1.  

3. Tectonic in the North Anatolian Fault Zone  

The tectonic and seismicity of Turkey which were 
formed with plate movements in between African, Ara-
bian, Eurasian and Anatolian (McKenzie, 1972; Alptekin, 
1978; Dewey 1986; Şengör, 1979; Şengör et al., 1985). 
Many the large earthquakes occurred on the North Ana-
tolian fault zone along which Turkey is moving west-
ward. The North Anatolian Fault Zone (NAFZ) from tec-
tonism the East Anatolian convergent zone and the Hel-
lenic Arc occurred that the motion of Asia Minor is com-
pensated by the completion of oceanic crust (McKenzie, 
1972). The NAFZ has been a dextral strike-slip fault zone 
(Ketin, 1948) extending about 1200 km (Bozkurt, 2001) 
across northern Turkey and marking the boundary be-
tween the Anatolian and Eurasian plates (Ketin, 1969; 
Şengör et al., 1985; Barka, 1996; Şaroğlu, 1988). Devel-
oping hard localization in a usually westerly widening 
right-lateral kerogen in northern Turkey commonly 
along an interface arranging subduction-expansion ma-
terial to its south and older and rigid continental base-
ments to its north was occurred in the NAFZ.  

 

Table 1. Seismic source regions. 

  

Morphologically different and seismically active ex-
tends from the Gulf of Saros in the northern Aegean Sea 
from Karlıova, paralleling approximately the southern 
Black Sea support and keeping a rather ordinary dis-
tance of some 100 km to the coast, connecting the Ae-
gean taphrogen (Şengör et al., 2005) with the East Ana-
tolian high plateau (Koçyiğit et al., 2001; Şengör et al.,  
 

Region Region Name 

1 Saroz Gulf 

2 Marmara Sea 

3 İzmit-Sakarya 

4 Sakarya-Düzce 

5 The Southern Branch of NAF 

6 The Southern of Marmara 

7 Düzce-Tosya 

8 Tosya-Erbaa 

9 Tokat-Erzincan 

10 The East of Erzincan 

(a) 

(b) 
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2003). The fault occurred roundly 13 to 11 Ma ago in the 
east and propagated westward. It achieved the Sea of 
Marmara no earlier than 200 ka ago, though shear con-
cerned deformation in a wide zone there had anyway in-
troduced in the late Miocene (Şengör et al., 2005). The 
NAFZ starts around Karlıova triple junction in the east, 
and it runs NW to Vezirköprü that it makes a left bend 
and constant westward. Around Kargı, it makes another 
left bend and then runs in an SW direction (Bozkurt, 
2001). The NAFZ is 85±5 km (Bozkurt, 2001; Şengör et 
al., 2003). Along of the NAFZ, the right-lateral slip has a 
rate of 24±1 mm/yr (McClusky et al., 2000; Flerit et al., 
2004; Reilinger et al., 2006).  

The western part of the NAFZ is an in the Marmara Sea 
region and the NAFZ divided into a complex fault struc-
ture, however, the eastern part of the NAFZ is a narrow 
strike-slip zone. The transition of the strike-slip regime 
in the east into a stress regime with N-S extension 
formed from this branching. The next, if the predomi-
nant E-W purposed graben structures in Western Anato-
lia could accountable, the Aegean region could have been 
typical. The northern branch of NAFZ is the most active 
fault zone in the Sea of Marmara according to the south-
ern branch of NAFZ. The North branch exists as a zone 
comprised of boundary faults, normal faults and reverse 
faults in the Sea of Marmara. The NAFZ is young (∼5 Ma) 
and has about 85 km of cumulative displacement (Hu-
bert-Ferrari et al., 2009).  

The NAFZ has been devastating earthquakes along 
with both historical and instrumental periods so the 
most active fault zone in Turkey. Historical investiga-
tions of major earthquakes along the NAFZ have re-
vealed that in the twentieth century, ruptures migrated 
westward after the 1939 Erzincan earthquake in eastern 
Turkey (Barka and Kadinsky-Cade, 1988; Barka, 1996). 
This fault observed a lot of earthquakes of MS≥7.0. In the 
instrumental period, the earthquakes in the NAFZ mi-
grated from east to west and this process have begun 
with 1939 Erzincan earthquake (MS=7.8). 

 

4. Method  

The Poisson method used one of the most common 
models to estimate the earthquake occurrences. Accord-
ing to the Poisson model was not affected since passing 
the time by the formation of a previous earthquake, dis-
tribution of waiting time by the formation of the next 
earthquake (Özdemir et al., 2000). The Poisson model is 
especially important for large earthquakes. 

The sequence of events forms a Poisson process 
where the occurrence of a subsequent event did not de-
pend on time, size or location of the last any of the pre-
ceding events. N(t) as the number of events in the inter-
val (0,t) the counting sequence (N(t), t>=0) is Poisson 
provided.  

𝑃{𝑁(𝑡 + 𝑠) − 𝑁(𝑡) = 𝑘} =
𝑒−𝜆𝑠(𝜆𝑠)𝑘

𝑘!
  𝑘 = 0,1,2, … ;   𝜆 > 0 . (1) 

This relationship has been used as a model of the 
earthquake process in the Poisson process (Lomnitz, 
1966).  

The interval times for the Poisson process {T1, T2, 
T3,……., Tn} should be exponentially distributed with 
probability density function 𝑓𝑇(𝑡) or 𝑓𝑀(𝑚)and cumula-
tive distribution 𝐹𝑇(𝑡) or 𝐹𝑀(𝑚) given.  

𝑓𝑇(𝑡) = 𝜆𝑒−𝜆𝑡                 𝑡 ≥ 0, 𝜆 > 0, (2) 

𝐹𝑇(𝑡) = 1 − 𝑒−𝜆𝑡              𝑡 ≥ 0, 𝜆 > 0 , (3) 

where 𝜆 is the rate of occurrence of events. The Guten-
berg-Richter relationship describing the number of 
earthquake events, N(m), of a given magnitude, m or 
greater in time t was given.  

𝐿𝑜𝑔 𝑁(𝑚) =  𝑎 − 𝑏𝑚 , (4) 

where a and b are earthquake hazard parameters. Thus 
for a given magnitude of exceedance the frequency of oc-
currence. 

𝜆(𝑡) = 𝑒𝛼−𝛽𝑚          𝑚𝑜 ≤ 𝑚 ≤ 𝑚𝑚𝑎𝑥  , (5) 

where 𝑚𝑜  and 𝑚𝑚𝑎𝑥  are the lower and upper bound 
magnitudes respectively. The lower magnitude arises 
from practical considerations. The upper magnitude is 
determined by the maximum earthquake capacity of a 
fault. 

The earthquake hazard parameters for investigated 
area with the Poisson method were calculated using dif-
ferent equations. 

𝑎’ =  𝑎 –  𝑙𝑜𝑔 (𝑏 ∗ 𝑙𝑛10) , (6) 

𝑎1  =  𝑎 –  𝑙𝑜𝑔 𝑇 , (7) 

𝑎1’ =  𝑎’ –  𝑙𝑜𝑔 𝑇 . (8) 

T in this equation shows period for the next years and 
calculated for 100 years. The normal frequency value 
was used for annual average the number occurring of 
earthquakes which were shown by the following equa-
tion. 

𝑁(𝑀) = 10𝑎1
′ −𝑏∗𝑀  . (9) 

N(M) value indicated determining of the earthquake 
risk and has been calculated according to the seismic pa-
rameters. 

𝑅(𝑀) = 1 − 𝑒−𝑁(𝑀)∗𝑇  . (10) 

T value in this model was different from other models 
and used to calculate of the earthquake occurring risk. 

The return periods according to the Poisson model was 
calculated for the next years using the following equation. 

𝑄(𝑀) =
1

𝑁(𝑀)
 . (11) 
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The risk rate of the Poisson process is equal to the 
constant implying that the probability of occurrence of 
an earthquake in a future small increment of time, ∆𝑡, re-
mains constant regardless of the size of the last event or 
the elapsed time since its occurrence. 

 

5. Chi-Square Test for Poisson method  

The chi-square test has used the fact that, conditional 
on the total number of events and the add distribution of 
the numbers of events in the probabilities. 

The test statistic is; 

𝜒2 = ∑
(𝑁𝑘−�̂�)2

�̂�

𝐾
𝑘=1        𝑘 = {1, … … . , 𝐾} . (12) 

If the hypothesis for applied Poisson method was 
true, the distribution of X2 was determined from the Chi-
square with K-1 degrees of freedom. The chi-square test 
involved choosing the number of intervals K. The chi-
square test investigated only at the change of the ob-
served number of events across intervals. 

6. Results and Discussions  

The NAFZ is one of the most seismically active regions 
of the Turkey and has been affected large earthquakes in 
the past years. The Poisson method is applied in order to 
check the potentiality of the different seismic source re-
gions in the NAFZ for the future earthquake hazard.  For 
this purpose, a homogeneous and complete seismicity da-
tabase of the instrumental period during is used in 10 dif-
ferent seismic source regions in the examined region. For 
this aim; a and b parameters of Gutenberg-Richter rela-
tionship, the annual occurring number of earthquakes, re-
turn periods and earthquake risk in the next years.  

The 10 different seismic source regions are estimated 
a and b parameters with equation (Eqs. (4) and (5)) of 
LogN=a-bM in the Gutenberg-Richter which are deter-
mined the relationships between the cumulative num-
ber-magnitude in shown Fig. 2. The earthquake hazard 
parameters are estimated for the 10 different seismic 
source regions of the NAFZ and shown in Table 2. 

The b value is lower than the local mean value of 1.0, 
which indicates that the data consists of the larger earth-
quake and high differential crustal stress in the region 
(Wiemer and Katsumata, 1999; Wiemer and Wyss, 2002).

 

Table 2. The earthquake hazard parameters are estimated for 10 different seismic source regions on the NAFZ. 

 

The b values which is one of the most important earth-
quake hazard parameters are estimated using Eq. (4) 
with Poisson method for 10 different seismogenic source 
regions of the NAFZ. The map of estimated b values is 
plotted (Fig. 6). The estimated b values for the 10 differ-
ent regions of the NAFZ vary between 0.501 and 0.859. 
The highest b value is observed in region 5 covering the 
Southern Branch of NAFZ, while the lowest b value is ob-
served in region 9 covering the Tokat-Erzincan. The a/b 
values are estimated with Poisson method for 10 dif-

ferent seismogenic source regions. The map of esti-
mated a/b values is plotted (Fig. 7). The highest a/b 
value is observed in region 9 covering the Tokat-Erzin-
can. The lowest a/b value is observed in region 5 cover-
ing the Southern Branch of NAFZ.  

We plotted the maps of the occurrences probability of 
the earthquakes and return periods in the 6.5, 7.0, 7.5 and 
8.0 magnitudes in next 100 years, respectively that 
shown in Figs. 8 and 9. The calculated changes between 
regions observed from a region to another region, clearly. 

 
 

 

 

 

 
 

Region Region name
 

a b±σb a/b a' a1 a1' N 𝑀𝑚𝑎𝑥
𝑜𝑏𝑠  

1 Saroz Gulf 4.75 0.630±0.08 7.53 3.66 1.75 1.66 65 7.3 

2 Marmara Sea 5.00 0.688±0.09 7.26 3.79 1.92 1.78 53 7.3 

3 İzmit-Sakarya 4.92 0.685±0.09 7.18 3.79 1.92 1.79 59 7.8 

4 Sakarya-Düzce 4.68 0.611±0.07 7.65 3.60 1.68 1.60 87 7.2 

5 The Southern Branch of NAF 5.64 0.859±0.1 6.56 4.39 2.64 2.39 44 7.0 

6 The Southern of Marmara 5.56 0.731±0.06 7.60 4.39 2.56 2.39 117 7.2 

7 Düzce-Tosya 4.53 0.548±0.05 8.26 3.51 1.53 1.51 54 7.3 

8 Tosya-Erbaa 4.42 0.617±0.1 7.16 3.34 1.42 1.34 20 7.1 

9 Tokat-Erzincan 4.18 0.501±0.05 8.34 3.21 1.18 1.21 44 7.9 

10 The east of Erzincan 5.12 0.651±0.04 7.86 4.01 2.12 2.01 94 6.8 



46 Türker and Bayrak / Challenge Journal of Structural Mechanics 2 (2) (2016) 41–53  

 
 

 

Fig. 2. The Magnitude-Frequency (Gutenberg-Richter) relationships are shown for occurring earthquakes on the 
NAFZ. The overall catalog plotted is observed both the cumulative (squares) and noncumulative form (triangles) in 

frequency magnitude distribution. 
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Fig. 3. The earthquake risk (%) values are estimated for the 10 different seismic source regions. 
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Fig. 4. The annual occurring number of earthquakes are estimated for the 10 different seismic source regions. 
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Fig. 5. The return periods are estimated for the 10 different seismic source regions.  
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Fig. 6. The map of estimated b values are plotted for 10 different seismic source regions of the NAFZ.  

 

Fig. 7. The map of estimated a/b values are plotted for 10 different seismic source regions of the NAFZ.  

 

Fig. 8. The maps of the occurrences probability of the earthquakes in the 6.5, 7.0, 7.5 and 8.0 magnitudes are plotted 
in next 100 years, respectively.  
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Fig. 9. The maps of the return periods in the 6.5, 7.0, 7.5 and 8.0 magnitudes are plotted for in next 100 years, respectively.  

The probabilities of the earthquake occurring are es-
timated for the future 10, 20, 30, 40, 50, 60, 70, 80, 90 
and 100 years in the 10 different seismic source regions 
and are shown in Fig. 3. The highest earthquake occur-
ring probabilities in 10 different seismic source regions 
in the next years estimated that the region 9. We are es-
timated annual occurring number of earthquakes (N(M)) 
using Eq. (10) for 10 different seismic regions which are 
shown in Fig. 4. The region 9 is observed 0.0644 annual 
occurring number of magnitude of 6 magnitude, 0.0406 
annual occurring number of magnitude of 6.5 magni-
tude, 0.0256 annual occurring number of magnitude of 7 
magnitude, 0.0161 annual occurring number of magni-
tude of 7.5 magnitude, 0.0102 annual occurring number 
of magnitude of 8 magnitude. If region 2 observed 
0.0223 annual occurring number of magnitude of 6 mag-
nitude, 0.0115 annual occurring number of magnitude of 
6.5 magnitude, 0.0059 annual occurring number of mag-
nitude of 7 magnitude. 

Earthquake recurrence times (return periods, Q(M)) 
estimated using the parameters of Gutenberg-Richter re-
lationship and are shown in Fig. 5. The region Tokat-Er-
zincan (Region 9) is estimated for the future 100 years 
using Eqs. (9) and (11), respectively. The region 9 is es-
timated 99% with an earthquake occur probability for 
magnitude 6.5 which the return period 24.7 year, 92% 
with an earthquake occur probability for magnitude 7 
which the return period 39.1 year, 80% with an earth-
quake occur probability for magnitude 7.5 which the re-
turn period 62.1 year, 64% with an earthquake occur 
probability for magnitude 8 which the return period 98.5 
year.  For the Marmara Region (Region 2) in the next 100 
year is estimated that 89% with an earthquake occur 
probability for magnitude 6 which the return period 44.9 
year, 45% with an earthquake occur probability for mag-
nitude 6.5 which the return period 87 year, 45% with an 
earthquake occur probability for magnitude 7 which the 
return period 168.6 year. 



52 Türker and Bayrak / Challenge Journal of Structural Mechanics 2 (2) (2016) 41–53  

 

In the past, Bayrak and Türker (2015b) estimated an 
earthquake occurrence probability (in the next 100 
years) in region Tokat-Erzincan using the Bayesian 
method for the NAFZ. In this study, we are estimated the 
same of results. Both the Bayesian method and the Pois-
son method are estimated an earthquake occurrence 
probability with most probably in the region Tokat-Er-
zincan for the next 100 years in the NAFZ. 

 

7. Conclusions  

In this study, The NAFZ was estimated earthquake 
hazard parameters (a and b values and their different 
values of Gutenberg-Richter relationship) in the future 
years for instrumental catalog during complete seismic 
catalogue with 𝑀𝑆≥4.0. For this aim, the annual occur-
ring number of earthquakes, return periods and earth-
quake risk were estimated in the next 100 years. a and b 
values for this time period were estimated to be equal to 
0.501 and 0.859, respectively. b values were observed 
the data form of larger earthquakes and high diversity 
crustal stress. We were applied the chi-square test for 
estimated values with Poisson method. Therefore, we 
were tested to the accuracy of the Poisson method. Ac-
cording to the chi-square test was applied for Poisson 
method and significance level estimated as α=0.05 in this 
study. Also, whole estimates were determined with 
Matlab program. Maps were plotted using GMT program. 
The annual occurring number of earthquakes were esti-
mated for magnitudes 6.5, 7, 7.5 and 8 at region 9 while 
6, 6.5 and 7 at region 2 in the NAFZ. This values were es-
timated respectively in region 9, 0.0644 for magnitude 6, 
0.0406 for magnitude 6.5, 0.0256 for magnitude 7, 
0.0161 for magnitude 7.5, 0.0102 for magnitude 8. In re-
gion 2, 0.0223 for magnitude 6, 0.0115 for magnitude 
6.5, 0.0059 for magnitude 7, 0.0031 for magnitude 7.5. 
Also, the return periods were estimated for magnitude 
6.5, 7, 7.5, and 8 at region 9, while 6, 6.5 and 7 at region 
2. This values were estimated in region 9, respectively 
which 24.7 years for magnitude 6.5, 39.1 years for mag-
nitude 7, 62.1 years for magnitude 7.5, 98.5 years for 
magnitude 8. Their earthquake risk values were esti-
mated respectively, 99%, 92%, 80% and 64%. If region 
2, 44.9 years for magnitude 6, 87 years for magnitude 
6.5, 168.6 years for magnitude 7. Their earthquake risk 
values estimated respectively, 89%, 45% and 45%. 

 

REFERENCES 
 

Alptekin Ö (1978). Magnitude-Frequency Relationships and Defor-
mation Release for the Earthquakes in and around Turkey. Thesis 

for Promoting to Associate Professor Level. Karadeniz Technical Uni-

versity, Trabzon (in Turkish). 
Altınok Y (1988). Seismic risk estimation of the North Anatolian Fault 

Zone using Semi-Markov Model. Jeofizik, 2, 44-58. 

Anagnos T, Kiremidjian AS (1988). A review of earthquake occurrence 
models for seismic hazard analysis. Probabilistic Engineering Me-

chanics, 3, 3-11. 

Barka A (1996). Slip distribution along the North Anatolian Fault asso-
ciated with the large earthquakes of the period 1939 to 1967. Bul-

letin of the Seismological Society of America, 86, 1238–1254.   

Barka A, Kadinsky-Cade K (1988). Strike-slip fault geometry in Turkey 

and its influence on earthquake activity. Tectonics, 7, 663-684.  

Bayrak Y, Çınar H, Bayrak E (2011). The North Anatolian Fault Zone: 
An evaluation of earthqauke hazard parameters. New Frontiers in 

Tectonic Research-At The Midst of Plate Convergence, Edited by Scat-

ter U, 269-288. 
Bayrak Y, Oztürk S, Cınar H, Kalafat D, Tsapanos T, Koravos CG, Leven-

takis GA (2009). Estimating earthquake hazard parameters from 

instrumental data for different regions in and around Turkey. Engi-
neering Geology, 105, 200–210. 

Bayrak Y, Türker T (2016a). The determination of earthquake hazard 

parameters deduced from Bayesian approach for different seismic 
source regions of Western Anatolia. Pure and Applied Geophysics, 

173, 205-220.  

Bayrak Y, Türker T (2016b). The evaluation of the earthquake hazard 
using the exponential distribution method for different seismic 

source regions in and around Ağrı. International Conference on Ad-

vances in Natural and Applied Sciences, Icanas 2016, Antalya, Turkey, 
1726, 1, 0200001,1-0200001,4.  

Bazzurro P, Cornell CA (1999). Disaggregation of Seismic Hazard. Bul-

letin of the Seismological Society of America, 89, 501-520. 
Bozkurt E (2001). Neotectonics of Turkey-a synthesis. Geodinamica 

Acta. 14, 3-30. 

Cornell CA (1968). Engineering risk in seismic analysis. Bull. Seism. Soc. 
Am. 54, 583-1606. 

Dewey JF, Hempton MR, Kidd WSF, Şaroğlu F, Şengör AMC (1986). 

Shortening of continental litosphere: The tectonics of Eastern Ana-
tolia-young collision zone, in collision tectonics. Edited by Coward MP 

and Ries AC. Geological Society, London, Special Publication 19:3-36. 

Flerit F, Armijo R, King G, Meyer B (2004). The Mechanical interaction 
between the propagating North Anatolian Fault and the back-arc 

extension in the Aegean. Earth and Planetary Science Letters, 224, 

347–362. 
Hubert-Ferrari A, Armijo R, King G, Meyer B, Barka A (2002). Morphol-

ogy, displacement and slip rates along the North Anatolian Fault, 

Turkey. Journal of Geophysical Research, 107(10), 1029-1059. 
Kagan YY (1973a). A probabilistic description of the seismic regime, 

Izv. Acad. Sci. USSR, (English translation). Scanned versions of the 

Russian and English text are available at 
http://eq.ess.ucla.edu/∼kagan/pse 1973 index.html. Physics of the 

Solid Earth, 213-219. 

Kagan YY (1973b). Statistical methods in the study of the seismic pro-
cess (with discussion: Comments by M. S. Bartlett, A. G. Hawkes, and 

J. W. Tukey). Scanned version of text is available at 

http://moho.ess.ucla.edu/∼kagan/Kagan 1973b.pdf. Bulletin of the 
International Statistical Institute, 45(3), 437-453. 

Kagan YY (1996). Comment on “The Gutenberg-Richter or characteris-

tic earthquake distribution, which is it?” by Steven G. Wesnousky. 
Bulletin of the Seismological Society of America, 86, 274-285. 

Kagan YY (2010). Statistical distributions of earthquake numbers: con-

sequence of branching process. Geophysical Journal International, 
180(3), 1313–1328.  

Ketin I (1948). Über die tektonisch-mechanischen Folgerungen aus 

den grossen anatolischen Erdbeben des letzten Dezenniums. Geol-
ogische Rundschau, 36, 77-83 (in German).  

Ketin I (1969). Über die nordanatolische Horizontalverschiebung. Bul-

letin of the Mineral Research and Exploration Institute of Turkey, 72, 
1-28 (in German). 

Koçyiğit A, Yılmaz A, Adamia A, Kuloshyili S (2001). Neotectonics of 

East Anatolian Plateau (Turkey) and Lesser Caucasus: implication 
for transition from thrusting to strike-slip faulting. Geodinamica 

Acta. 14, 177-195. 

Lomnitz C (1966). Statistical prediction of earthquakes. Reviews of Ge-
ophysics, 4, 377-393.  

Luen B, Stark PB (2012). Poisson tests of declustered catalogues. Geo-

physical Journal International, 189(1), 691–700.  
Mäntyniemi P, Kijko A (1991). Seismic hazard in East Africa: An exam-

ple of the application of incomplete and uncertain data. Natural 

Hazards, 4, 421-430.  
McClusky S, Balassanian S, Barka A, Demir C, Ergintav S, Georgiev I, 

Gürkan O, Hamburger M, Kahle KHH, Kastens K, Kekelidze G, King 



 Türker and Bayrak / Challenge Journal of Structural Mechanics 2 (2) (2016) 41–53 53 

 

R, Kotzev V, Lenk O, Mahmoud S, Mishin A, Nadariya M, Ouzounis A, 

Paradissis D, Peter Y, Prilepin M, Reilinger R, Şanlı I, Seeger H, 

Tealeb A, Toksöz MN, Veis G (2000). Global positioning system con-
straints on plate kinematics and dynamics in the Eastern Mediter-

ranean and Caucasu. Journal of Geophysical Research, 105(B3), 

5695–5719. 
McKenzie DP (1972). Active tectonics of the Mediterranean region. Ge-

ophysical Journal of Royal Astronomical Society, 30, 109-185. 

Moharir PS (1992). Estimation of the compounding distribution in the 
compound Poisson process model for earthquakes. Proceedings of 

the Indian Academy of Science (Earth and Planetary Science Letters), 

101, 347-359.  
Molchan GM, Keılıs-Borok VI, Vılkovıch GV (1970). Seismicity and prin-

cipal seismic effects. Geophysical Journal, 21, 235-411.  

Öncel AO, Main L, Alptekin Ö, Cowie P (1996). Spatial variations of the 
fractal properties of seismicity in the Anatolian Fault Zones. Tecto-

nophysics, 257, 189-202. 

Özdemir F, Necioğlu A, Bağcı GF (2000). Geophysic. JFMO Press, 14, 1-2.  
Reilinger R, McClusky S, Vernant P,  Lawrence S, Ergintav S, Cakmak R, 

Özener H, Kadirov F, Guliev I, Stepanyan R, Nadariya M, Hahubia G, 

Mahmoud S, Sakr K, ArRajehi A, Paradissis D, Al-Aydrus A, Prilepin 
M, Guseva T, Evren E, Dmitrotsa A, Filikov SV, Gomez F, Al-Ghazzi R, 

Karam G (2006). GPS constraints on continental deformation in the 

Africa-Arabia- Eurasia continental collision zone and implications 
for the dynamics of plate interactions. Journal of Geophysical Re-

searches, 111, B0541.   

Reiter L (1991). Earthquake Hazard Analysis. Columbia Univ. Press, 
New York, 1-245. 

Şaroğlu F (1988). Age and off-set of The North Anatolian Fault. Journal 

Pure Applied Science, 21, 65-79. 

Şengör AMC (1979). The North Anatolian transform fault: its age, offset 
and tectonic significance. Journal of the Geological Society, 136, 269-

282. 

Şengör AMC, Görür N, Şaroğlu F (1985). Strike-slip faulting and related 
basin formation in zones of tectonic escape: Turkey as a case study. 

The Society of Economic Paleontologists and Mineralogists , Special 

Publication, 37, 227-264. 
Şengör AMC, Özeren S, Zor E, Genç T (2003). East Anatolian high plat-

eau as a mantle-supported, N-S shortened domal structure. Geo-

physical Research Letters, 30(24), 1-4.  
Singh H (1983). Compound Poisson process models for earthquake oc-

currences. M. Tech. Dissertation. University of Roorkee, Roorkee. 

Türker T, Bayrak Y (2015a). Assessment of the earthquake hazard 
analyses with Bayesian method in the Eastern Anatolian and 

around.  Activite Tectonic Research Group Congress, Sakarya, Turkey.  

Türker T, Bayrak Y (2015b). The earthquake hazard analysis using 
bayesian method of the North Anatolia fault. 5th International 

Earthquake Symposium, Kocaeli, Türkiye, 366-367. 

Wiemer S, Katsumata K (1999). Spatial variability of seismicity param-
eters in aftershock zones. Journal of Geophysical Research, 13, 135-

151. 

Wiemer S, Wyss M (2002). Mapping spatial variability of the frequen-
cymagnitude distribution of earthquakes. Advances in Geophysics, 

45, 259–302. 

Zaalishvili VB (2012). Assessment of Seismic Hazard of Territory. In:  
Earthquake Engineering, edited by Halil Sezen, InTech, Rijeka, 26-64.

 




