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Abstract Turkey is located in the Alpine-Himalayan
seismic zone. The Anatolian plate has witnessed very
severe and destructive earthquakes both in the past and
today. In this study, statistical analyses of earthquakes that
occurred between 1914 and 2019 along the Fethiye-Burdur
fault zone, which is an active line, were conducted using
geographic information systems. Analyses of standard
distance, standard deviational eclipse, mean center, and
median center were conducted to determine the geographic
distributions of epicenters with a magnitude value of 3.5
and above. Quadrat and Average Nearest Neighbor
analyses were used to reveal the spatial pattern. Anselin
Local Moran I and Getis Ord Gi* method were used to
determining where the earthquake epicenters are clustered
locally. Kernel Density analyses were conducted to
measure earthquake epicenters’ density. Quadrat analysis,
Average Nearest Neighbor, Global Moran’s /, and Getis -
Ord General G indices demonstrated that earthquakes are
clustered in certain regions and are related to each other
positionally. Anselin Moran’s I regional analyses revealed
that high values were clustered in the West of Burdur city
center and the district of Yesilova, and similar results were
obtained in the Getis Ord Gi* method.

Keywords earthquake, Geographic Information Sys-
tems, spatial analysis, Fethiye-Burdur fault zone, Turkey

1 Introduction

Most of its land is in Asia, Turkey has a surface area of
780000 km?2. Due to its geological, meteorological and
topographic structure, it is frequently exposed to natural
disasters. Among these natural disasters, earthquakes rank
first in terms of loss of life and property. When we look
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at the major earthquakes that have occurred since 1900, it
ranks fourth in the world with 77 earthquakes (Afad,
2018).

The N-S extensional West Anatolian and Aegean plate
is moving toward the south-west at a speed of about 15 —
30 mm/year along with the Fethiye-Burdur fault zone
(FBFZ), where the study area is also included (McClusky
etal., 2000; Yilmaz, 2000; Koukouvelas and Aydin,
2002). FBFZ covers an area of approximately 300 km,
north-east-south-west, trending between the Gulf of
Fethiye and Lake Burdur in Turkey’s south-western
region (Fig. 1). FBFZ, one of the important areas of
active deformation in Turkey, and regional neotectonic
features of South-western Anatolia have been investig-
ated by many researchers (McKenzie, 1978; Kogyigit,
1983; Karaman, 1986, 1990; Taymaz and Price, 1992;
Barka et al., 1997;Yagmurlu, 2000; Senturk, 2003; Beyhan
and Keskinsezer, 2016). FBFZ, the subject of this study,
forms the west wing of the Isparta angle. The Isparta
Angle is a regional geological structure formed due to the
autochthonous Taurus carbonate axis bending in the north
of the Gulf of Antalya and around Isparta in an inverted
“V” shape. This structure has a length of 180 km in the
N-S direction and a width of approximately 100 km in the
E-W direction. The fault systems between Fethiye and
Lake Burdur were classified into three main groups NE-
SW, NW-SE, and N-S. FBFZ is characterized by various
segments and ages affecting the Mesozoic sequence and
ophiolites of the Lycian nappes and Plio-Quaternary
sediments in the Burdur Basin (Bering, 1971; Price and
Scott, 1994). They found the existence of four main
segments in this zone, delimited by NW-trending faults.
These segments, from south-west to north-east, are 1) the
Fethiye segment, 2) the Golhisar segment, 3) the Tefenni
segment, and 4) the Burdur segment. Burdur and Tefenni
segments, 60—70 km long, are the most active structures
farther compartmentalized into segments (Bering, 1971;
Price and Scott, 1994; Bozcu et al., 2007; Beyhan and
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Fig. 1 Study area and population distribution.
Keskinsezer, 2016). Two large earthquakes of 7.1 and 6.2
magnitudes occurred in these segments in 1914 and 1971,
while a 7.1 magnitude earthquake occurred in the south-
west of Fethiye Bay in 1957 (Tan et al., 2008; Ozata,
2009; Tiryakioglu et al., 2013). In the earthquake of
1914, 2344 people died, and 681 were injured in the
provinces of Burdur and Isparta. While the number of
demolished houses in Burdur Province was close to 2000
(Ozata, 2009), 4175 out of 5100 houses became
uninhabitable in Isparta (Sezer,2014). The number of
buildings damaged in the second large earthquake of
1971 in Burdur Province was 3227 (Ozyildiran, 2015),
while 57 casualties were declared (UCLEA, 2012). In the
Fethiye earthquake in 1957, the death toll was 67, and the
number of damaged buildings was reported to be 3100
(Atabey, 2000; Arslan, 2017).

Studies show that large earthquakes cluster temporally
and spatially in certain periods (Bufe and Perkins, 2005;
Ammon et al., 2010) and that many have been reported to
be associated with fault zones (Kagan and Jackson, 1991;
Stein et al., 1997; Tagil and Alevkayali, 2013). Due to
their point distribution, the epicenters of earthquakes in a
selected geographic region can be analyzed using
geostatistical methods. As a result of these analyses, it
can be revealed whether the epicenter points show a
random, clustering, or scattering distribution.

The study aims to make GIS-based spatial analyses of
earthquakes between 1914 and 2019 along the Fethiye-
Burdur fault zone and to produce density maps. For this
purpose, data from 1234 earthquakes with a magnitude of
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more than 3.5 that occurred around the Feyhiye-Burdur
fault zone between 1914 and 2019 were obtained from
the Bogazici Kandilli Observatory and Earthquake
Research Institute, and spatial analysis was carried out
with the specified methods. From the results, maps were
produced and visualized, and risk areas were tried to be
determined. In establishing the boundaries of the study
area, the limit determined by Hall et al. (2014) was taken
into account.

2 Spatial data

Seismic data on the region within the study area were
obtained from the earthquake query system of Bogazici
University Kandilli Observatory. The query process
consists of 1234 earthquakes with a magnitude value
between 3.5 and 7.1 between 1914 and 2019. Latitude
and longitude coordinate data were converted to point
data to analyze the data in Excel format within the scope
of GIS. Point data outside the boundaries of the Fethiye-
Burdur fault zone were found and eliminated while the
ArcGIS 10 program was added to the database. This way,
the occurrence date, time, coordinate values, depth, and
magnitude values of earthquakes belonging to each
earthquake point were transferred into the database. The
spatial distributions of earthquakes that occurred within
the study area between 1914 and 2019 can be seen in
Fig. 2. In addition, spatial earthquake analyses were
separated into groups of 3.5-4, 4-5, 5-6, and 6-7.1
according to their magnitudes.

Magnitude
o 3.5-4
© 4.1-5
0 5.1-6
@ 6.1-7.1

0 10203040 km

Fig.2 Spatial distribution of earthquakes.
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3 Materials and methods

To better understand our dynamic world, we need some
simple models. To this end, we create models of the real
world. In this way, we can better focus on the problems at
hand. Statistics are needed to find the relationships
between geographical and attribute data and summarize
and add meaning to them. In this study, point pattern
analysis, one of the geostatistical techniques, was used.
Using the point pattern analysis, it is possible to
determine where the points are concentrated in a way that
the earthquake epicenters are defined or weighted based
on a specific feature. These methods, which are used to
evaluate the distribution, can also be used for purposes
such as determining earthquake recurrence years;
however, they cannot be used for earthquake risk analysis
or prediction (Kasap and Gurlen, 2003). In this study,
standard distance, standard deviational ellipse, mean
center, and median center analyses were conducted to
determine earthquakes’ geographic distribution.

The spatial pattern of the measured density is revealed
(Lee and Wong, 2001). In this study, the Quadrat analysis
revealed the change in the distribution of earthquake
epicenters.

Unlike Quadrat analysis, Average Nearest Neighbor
(ANN) analysis compares mean distances observed in a
known model with the nearest neighbor points. Accord-
ingly, if the mean distance of earthquake epicenters is
bigger than the random pattern, it is evaluated as
scattered, whereas it is evaluated as clustering if it is
smaller than the random pattern.

Quadrat and ANN analyses determine spatial models of
point distributions and assume all points separately.
Unlike these two methods, Moran’s / analysis uses a
measure known as the spatial correlation coefficient to
measure and test the quality values of clustered or
scattered earthquake points. Therefore, Moran’s / method
is more powerful and useful than Quadrat and ANN
analyses (Lee and Wong, 2001). If the value of the Moran
I index is lower than expected, it means that the
epicenters have a scattered pattern, and if higher, they
have a clustered pattern. Statistical significance for
Moran’s [ was determined by calculating the Z score
(Tagil and Alevkayali, 2013).

Getis-Ord General G (GOGQG), a statistical method,
was modeled by Getis and Ord as a statistical tool for
analyzing spatial patterns (Getis and Ord, 1992). This
study was used to determine the degree of clustering in
earthquake epicenters.

Apart from global statistics, Anselin Local Moran’s /,
which is formed by similar and dissimilar variables, and
Getis Ord Gi, which indicates where the hot spots and
cold values are clustered positionally, were used to
determine locally at which points earthquake epicenters
were clustered. In contrast, Kernel Density analyses were
used to measure earthquake epicenters’ density.
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3.1 Spatial statistical analyses

Spatial autocorrelation determines whether a feature
obtained at a certain point is independent of the features
obtained at neighboring positions. Spatial autocorrelation
takes positive or negative values. While positive values
demonstrate that features in neighboring positions affect
each other linearly (clustering), negative values show that
features in neighboring positions affect each other
inversely (scattering) (Erdogan, 2010).

The mean center is the average of the x and y
coordinates of the data in the study area. It is useful for
tracking changes in data in the study area or comparing
the distributions of different attribute types (Akyurek and
Arslan, 2018). Earthquake epicenters form the center of
gravity of the spatial distribution.

Z?:] wiX; Z?:] w;Y;

(Xwmes Ywme) = s
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where, X; and Y, represent the position value of data paint,
w; represents the weight of the value at that position.

The median center defines the center point in the
shortest distance with all data points in the data set
(Mitchell, 2005). It provides important information about
the direction of the distribution of the epicenter (Tagil and
Alevkayali, 2013).

Standard distance measures the density or degree of
scattering data points around the geometric mean center
by circling the earthquake epicenters:
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where, x,_ . and y . represent the weighted mean center
coordinates, f; (x; and y,) represents the weight for the
points (Lee and Wong, 2001).

The standard deviational ellipse is an effective tool to
obtain the direction of earthquake epicenters. The
distance in the standard deviational ellipse is calculated as
the maximum and minimum axis. The deviation value of
earthquake epicenters along the main axis indicates the
maximum propagation direction; therefore, it also
indicates whether earthquake points have a specific
orientation (Mitchell, 2005).

In Quadrat analysis, the study area is divided into a
regular square grid system, and the number of earthquake
epicenters falling into these grids can form a frequency
distribution. The change in the distribution of epicenters
is compared with a random model formed theoretically.
As a result, whether it is clustered or scattered can be
found. The fact that all or most of the points fall within
one or more grids indicates excessive clustering, while all
grids containing a relatively similar number of points
indicate a scattered pattern. The following formula
calculates the mean-variance ratio (VMR):
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VMR = —, 3)
X

where, s is the variance of the number of points per
quadrat, and x is the mean of the number of points per
quadrat.

If VMR is > 1, the model is clustered; if VMR equals 1,
the model is random; if VMR is < 1, it means that the
model is regular. Quadrat resolution may affect results.
The suitable quadrate size for the study area was
calculated using the following formula:

_ 2Xa
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n

where, a represents the study area, whereas n represents
the number of earthquake epicenters (Lee and Wong,
2001).

ANN method predicts and averages the distance
between the nearest neighbor and the position of each
data in the data set. If the calculated mean distance is less
than the mean of a hypothetical random distribution, the
distribution of analyzed features is considered clustered,
or if greater, the features are considered scattered.

To test whether any distribution is clustering, scatter-
ing, or random:

R=", 5)
Te
the above formula has been used. r, represents the mean
of the observed distance between each earthquake
epicenter and its nearest neighbor:

i T
Fo= ———.

(6)
n
r, is the expected mean distance for the randomly
distributed earthquake epicenters and calculated by the
following formula:
- — )
Te \2/71/_A

In these formulas, r; provides the closest distance
between earthquake points, whereas n provides the
number of earthquake epicenters, and A4 is the size of the
study area.

ANN calculates the nearest neighbor index value based
on the mean distance to the nearest neighbor of each data
(only x and y coordinates) and their corresponding z
values. If this value is less than 1, the pattern in the study
area indicates clustering. If the index is greater than 1, the
pattern tends to be scattered. The Z score or the standard
deviation measure indicates statistical significance. If the
Z score in the analysis is not between — 1.96 and 1.96, the
pattern shows scattering (p < 0.05). If the Z score is
between — 1.96 and 1.96, the pattern shows a random
distribution (Getis and Ord, 1992; Lee and Wong, 2001;
Mitchell, 2005; Erdogan, 2010; Akyurek and Arslan,
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2018).

The General Moran’s Index (GMI) statistic is a degree
of spatial autocorrelation based on the positions of values
and event-related values. GMI statistic shows the degree
of spatial autocorrelation or the degree of scattering for a
particular point pattern (Al-Ahmadi et al., 2014; Affan
et al., 2016; Akyurek and Arslan, 2018).

n er'l:] Z?:] wi i ZiZj
So Z?:l Ziz

, ®)

where, z; is the deviation of the first earthquake epicenter
from its mean value. w;; represents the spatial weight
between i and j values, n represents the total number of
features, and S, represents the sum of all weight values.

Getis and Ord modeled the GOGG statistic, and GOGG
aims to determine the cluster size to find out whether
there are hot spots (high-value clusters) or cold spots
(low-value clusters) (Getis and Ord, 1992; Ord and Getis,
1995; Mitchell, 2005; Erdogan, 2010; Al-Ahmadi et al.,
2014; Affan etal., 2016; Akyurek and Arslan, 2018).
When the Z value is positive, the observed GOGG value
is greater than the expected GOGG value; therefore, it
can be said that high values for the relevant feature form
clusters. When the Z score value is negative, the observed
GOGG value is lower than the expected value (Al-
Ahmadi et al., 2014; Affan et al., 2016).

i1 Z?=1 wi jXiX;
G= n n . ,Vjil_ (9)
i=1 Zj=1 XiXj

Information on x;th, xjth data, and jth data represent the
weight coefficient between w;, j,, and j values, whereas n
represents the total data.

Kernel density is a popular method used in statistical
and geostatistical analysis and research. It is also
frequently used in earthquake studies (Woo, 1996;
Danese et al., 2008; Ayday etal., 2015; Bakak, 2016).
Kernel analysis indicates the density of points falling into
the circle with a defined radius and the point density that
changes as they move away from this source (Silverman,
1986). The kernel density formula is expressed as
follows:

n 1 (d
A=) Fk(T), (10)
where, A(s), s represents the density value at position and
r represents the defined radius value, n defines the total
number of data set points, k represents the weight value
of point i, and d,, defines the distance between the point
and point s. In this study, earthquake density surface
maps were formed considering earthquake epicenters’
positions and magnitude values.

Moran’s I method, having a broad scale, measures the
spatial dependence level of the distribution throughout the
study area. However, it cannot locally determine in which
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regions the distribution is clustered within the study area.
Anselin Local Moran’s [ is a local method used to
determine clusters formed by similar and dissimilar
variables. Anselin (1995) defines the Anselin Local
Moran’s Index as follows:

i— n

Ii= X’S%X D i i =X, (11)
where, x; defines the value of the first feature in the data
set and x, the mean of the relevant value (mean of
carthquake magnitudes), w,; represents the weight value
between ith and jth data points. If the result value is
statistically high, it means that high or low values also
form clusters in the areas around the region. If the result
value is low, it means that different values gather. The Z
score value also provides information on the statistical
significance of the resulting value. The P value should be
small enough for the cluster or the outlier to be
considered statistically significant (p < 0.05) (Al-Ahmadi
et al., 2014; Affan et al., 2016).

The Getis-Ord Gi* method determines where the data
set’s hot and cold spots are clustered positionally (Getis
and Ord, 1992; Ord and Getis, 1995; Mitchell, 2005;
Erdogan, 2010; Al-Ahmadi etal.,, 2014; Affan etal.,
2016; Akyurek and Arslan, 2018). The higher the
statistically calculated Z score, the higher the high/warm
values clustering is in the data set. On the other hand, the
lower the Z score is, the greater the clustering of low
values is in the data set. If the calculated Gi* value is
close to zero, it can be said that there are no high or low
values in the neighborhood of the calculated feature. The
following formula calculates Getis-Ord Gi*:

G = D= Wi jXj = X D Wi , (12)

n—1

where, x; defines the value of the jth value in the data set,
W defines the spatial weight value/matrix between ith
and jth data points (Mitchell, 2005).

4 Results and discussion

The study used data on 1234 earthquakes along the
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Burdur-Fethiye fault zone with a magnitude greater than
3.5 that occurred between 1914 and 2019 (Fig.2).
Statistical information on these earthquakes can be seen
in Table 1.

According to Table 1, almost 70% of these earthquakes,
which probably belong to seismic sequences, have a
magnitude ranging between 3.5 and 4. Secondly,
earthquakes with a magnitude ranging between 4.1 and 5
make up 26.25% of all these earthquakes. While 4.2% of
earthquakes have a magnitude of 5.1-6, 4 earthquakes,
with quite destructive effects, have occurred with a
magnitude greater than 6. These 1234 earthquakes
indicate that the Fethiye-Burdur fault zone is still active.

Results of the study’s statistical methods, such as
Quadrat Analysis, Average Nearest Neighbor, Moran’s /,
and Getis Ord General G, which are among the global
spatial statistical methods, can be seen in Tables 2, 3, 4,
and 5.

VMR value for Quadrat analysis was found to be 4.68
for all earthquake points. Since VMR is greater than 1, it
indicates a clustering between earthquake epicenters.
ANN, GMI, and GOGG values were found to be 0.72,
1.28, and 0.0008, respectively, and all global statistical
values showed a cluster pattern for 1234 earthquakes that
occurred between 1914 and 2019. A cluster indicates that
earthquakes around the Fethiye-Burdur fault zone are
spatially related.

Then, all global statistics methods were separately
formed according to earthquake magnitude values shown
in Table 1. All values in Quadrat and ANN, except for the
6.1 < M =< 7.1 magnitude value, indicated clustering
(Tables 2 and 3). Clustering means an active fault with a
possible short recurrence interval or domino-style
triggering of a nearby segment. When earthquakes were
analyzed using the GMI method, earthquakes with a
magnitude of 5.1 < M < 6and 6.1 < M < 7.1 showed
a random distribution, whereas others showed a clustering
feature (Table 4). In the GOGG method, earthquakes with
a magnitude of 5.1 <= M < 6 and 6.1 = M =< 7.1
showed random distribution as was the case in the GMI
method, while earthquakes with a magnitude of 3.5 < M
< 4 showed low clusters, and others; high clusters
(Table 5). When global statistics methods are compared
with each other, it is seen that different results are
obtained. In this case, Kernel density, Anselin Local
Moran’s I, and Getis Ord Gi* methods were used in order

Table 1 Descriptive statistics of earthquakes that occurred in the Fethiye Burdur fault zone between 1914 and 2019

Magnitude Earthquake Total ~ % of earthquakes ~ Minimum magnitude =~ Maximum magnitude =~ Mean magnitude  Standard deviation
35=sM<4 854 69.2 35 4 3.65 0.15
41=sM<=<>5 324 26.25 4.1 5 4.52 0.29
51=sM<6 52 42 5.1 6 5.38 0.26
6.1lsMs71 4 0.32 6.1 7.1 6.7 0.43
35sM =71 1234 100 35 7.1 3.96 0.55
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Table 2 Quadrat Analysis

Quadrat Analysis

Magnitude (M)

Average Variance VTMR Pattern
35sM<4 1.19 4.30 3.59 Clustered
41=sM<S5 0.55 1.73 3.13 Clustered
50<=M<6 0.10 0.14 1.36 Clustered
6l=sM=<7l1 0.009 0.009 0.10 Regular
35=sM<71 1.83 8.57 4.68 Clustered
Table 3 Average Nearest Neighbor

Average Nearest Neighbor
Magnitude (M)

Ratio z statistic p-value Pattern
35=sM<4 0.73 —14.84 0.00 Clustered
41sM<S5 0.71 —10.54 0.00 Clustered
S51=sM<6 0.89 -1.73 0.08 Clustered
6,l=sM<71 1.67 3.14 0.002 Dispersed
35=sM <71 0.72 -18.61 0.00 Clustered
Table 4 Global Moran’s /

Global Moran’s /
Magnitude (M)

Index z statistic p-value Pattern
35sMs<4 0.12 1.87 0.06 Clustered
41<M<S5 0.54 8.00 0.00 Clustered
S50=sM=<6 0.11 0.29 0.77 Random
6lsMs=71 0.30 0.83 0.41 Random
35sM<s71 1.28 29.87 0.00 Clustered
Table 5 Getis Ord General G

Getis Ord General G
Magnitude (M)

Index z statistic ~ p-value Pattern
35sMs4 0.0007 -2.59 0.01 Low-clusters
41sMs<>5 0.0031 3.60 0.0003  High-clusters
SIsMs<6 0.002 1.18 0.24 Random
6.l =M=<7.1 0.000024 1.45 0.15 Random
35sM =71 0.0008 5.29 0.00 High-clusters

to determine the earthquake clusters in the study area on a
local scale. Getis Ord Gi* statistics, by comparing the
local mean with the general mean within a certain
distance (or band), can determine where the high and
low-value features are clustered in the study area,
considering all the remaining data set features. In cases
where autocorrelation is unavailable locally, or there is
local variability, Anselin Local Moran’s / is used to
define attribute values with similar values in a given field.
This method determines a mean value from all
neighboring data set features and functions by taking the
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difference of neighboring values from this mean value.
This principle can determine the regional neighborhoods/
variations in the study area (ilci, 2013).

Figures 3 and 4 reveal the results obtained from local
spatial statistics methods (Anselin Moran’s / and Getis
Ord Gi*). According to Anselin Moran’s I method in
Fig. 3, it can be seen that high values (HH) are clustered
in the West of Burdur city center and the district of
Yesilova, whereas low values (LL) are clustered in the
districts of Cameli and Altinyayla, and south of Golhisar
district. In Fig. 4, it can be seen that the Getis Ord Gi*
method also provided similar results. It is seen that high
values (hot spots) are clustered in the West of Burdur city
center, in Yesilova district, and south of Karaman district,
whereas low values (cold spots) are clustered in Cameli
and Altinyayla districts, south of Golhisar districts, and
north of Fethiye district.

The areas where earthquakes greater than 3.5 were
concentrated were shown by kernel density analyses,
considering the earthquake magnitudes (Fig.5). Figure
5(a) shows the density of all earthquake data. Accor-
dingly, the earthquake densities are mostly concentrated
in the Dinar and Egirdir districts in the northern part of
the study area, Burdur city center, and Yesilova-
Acipayam districts located in the central parts of the study

Fi
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Fig.3 Anselin Local Moran’s / cluster analysis.
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Fig. 4 Getis-Ord Gi* hot spot analysis.

area, and Cameli-Altinyayla-Kdycegiz districts located in
the south-west of the study area. Figures 5(b) and 5(c)
reveal that earthquakes with a magnitude of 3.5 < M < 4
and 4.1 < M =< 5.1 have similar density areas with all
earthquake data. In Fig. 5(d), it can be observed that
earthquakes with a magnitude of 5.1 < M < 6 are
concentrated in the south-western part of the study area.
Earthquakes greater than 6, with devastating effects, are
found to be concentrated in the districts of Dinar, Burdur,
Altinyayla, and offshore Gulf of Fethiye (Fig. 5(e)). The
mean center, median center, standard distance, and
standard deviational ellipses of earthquakes are shown in
Figs. 6(a)-6(e). The magnitudes of earthquakes were used
for the mean center and median center.

Accordingly, the mean center coordinates are x: 720603
and y: 4122726 for all earthquakes, whereas the median
center is at the coordinates of x: 714253 and y: 4112218
(Fig. 6(a)). It is seen that the mean centers of all
earthquakes with a magnitude of 3.5-6 remain within the
borders of the Goélhisar district, while the mean center of
earthquakes greater than 6 has occurred within the
borders of the Cameli district, which is located in the
south-west. On which side of the mean center are median
centers located is important in providing information
about the distribution direction (Tagil and Alevkayali,
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2013). While median centers are located in the south-west
of the mean center in Figs. 6(a), 6(b), and 6(e), they are
located in the north-east in Figs. 6(c) and 6(d). Standard
distance indicates how far the epicenters spread from the
mean center.

The magnitude values of earthquakes were included in
the analysis as the weight coefficient, and standard
distance was obtained accordingly. A decrease in the
circle signifies that the center of epicenters is within the
mean value, while an increase in the circle area signifies
that earthquakes are distributed throughout the region. It
is seen that circles of standard distance cover the central
and south-western parts of the study area. Accordingly, it
can be said that earthquake epicenters are mostly
clustered in these areas. When the standard deviational
ellipses are analyzed, it can be seen that they are north-
east-south-west trending. This is because the Fethiye-
Burdur fault zone is in this direction, and earthquakes
occur on this fault line (Figs. 6(a)—6(e)).

5 Conclusions

In this study, which aims to conduct a GIS-based spatial
analysis of earthquakes occurring in the historical process
along the Fethiye-Burdur fault zone, earthquakes with a
magnitude of 3.5 and above between 1914 and 2019 were
analyzed by conducting local and global spatial statistical
analyses.

Quadrat analysis, ANN, GMI, and GOGG indices
demonstrate that earthquakes cluster in certain regions
and that these earthquakes are positionally related to each
other. Anselin Moran’s I local analyses show that high
values (HH) are clustered in the West of Burdur city
center and Yesilova district, while low values (LL) are
clustered in Cameli and Antalya districts and south of
Golhisar district. It is seen that the Getis Ord Gi* method
has provided similar results and that high values (hot
spots) are clustered in the West of Burdur city center,
Yesilova district, and north of Karaman district, whereas
low values (cold spots) are clustered in Cameli and
Altinyayla districts, south of Gdlhisar district, and north
of Fethiye district. According to the kernel density
analysis, earthquakes greater than 5 are clustered in the
central parts of the study area, in the west of Burdur
province and Yesilova district, and the south-western
parts, including the districts of Cameli-Altinyayla-
Golhisar-Koycegiz-Dalaman, and Fethiye, and offshore
Gulf of Fethiye. Burdur province and Fethiye district also
constitute the settlements with the highest population
density (> 100000).

When the mean and median center analyses of
earthquakes are analyzed, it can be seen that all the
earthquake epicenters and the median centers of
earthquakes with a magnitude of 3.5 < M < 4 and 6 <
M =< 7.1 are located in the south-west of the mean
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Fig. 5 Kernel density analysis (a) for all magnitudes, (b) between M = 3.54, (c) between M = 4.1-5, (d) between M = 5.1-6, and
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Fig. 6 Mean center, median center, standard distance, and standard deviational ellipses of earthquakes. (a) for all magnitudes,
(b) between M = 3.54, (c) between M = 4.1-5, (d) between M = 5.1-6 and (e) between M = 6.1-7.1.
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centers while the median centers of earthquakes with a
magnitude of 4 =< M < 6.1 are located in the north-east
of the mean centers. Accordingly, the distribution
direction of epicenters is south-west-north-east trending.
The fact that the standard distance circles cover the
central and south-western parts of the study area has
revealed that earthquakes generally spread in these areas.
The fact that standard deviational ellipses are north-east-
south-west trending is interpreted in a way that the
Fethiye-Burdur fault line is along this direction, and
earthquakes occur on this fault line.

To conduct a significant analysis of the map views and
attribute data of earthquakes that occurred in the region, it
is necessary to define and find relationships between
them. Determining the clustering regions and density of
these earthquakes positionally using the GIS, to this end,
is important in terms of revealing their relationships to
settlements. The fact that earthquakes have caused many
losses of life and property makes the region’s disaster
planning and management crucial. To reduce earthquake
damage in seismically active areas, it is necessary to be
prepared for an earthquake and to take precautions.
Owing to this study, it has been observed that spatial
statistical analyses are effective methods in revealing the
pattern of epicenter points in seismic activities and
determining the cluster areas that mean an active fault
with a possible short recurrence interval or domino-style
triggering of a nearby segment.
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