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Earthquake hazard is defined as the determination of a ground motion from a large earthquake that can cause damage and loss in a
certain place and within a certain time period. Damage due to an earthquake is an important element of the earthquake risk concept,
which is defined as the probability of loss of property and life. There are many variables that constitute the earthquake hazard. The
number and type of these variables may vary in different studies and for different purposes. In this study; geology of the city, lengths of
active faults and the epicenter of the earthquake outer-center points of the earthquakes with a magnitude greater than 3 on between
1905 and 2016 were used. In this study; Open Source Code Geographic Information Systems (GIS) Software QGIS, Analytical Hierarchy
Process (AHP) and Fuzzy Logic Method have been used to investigate the earthquake hazard of Diizce districts. These parameters were
evaluated together to create thematic maps. Regions were determined in terms of earthquake hazard in the generated maps. As a result
of the analysis by two methods, the districts showed similar results in terms of earthquake hazard. According to the three criteria
evaluated, the central district is the most risky district with 39%. Yigilca, Golyaka and Kaynash districts are medium risky districts.
Cilimli, Giimiisova, Cumayeri and Akcakoca are the least risky districts.

Index Terms— Diizce, earthquake hazard analysis, AHP, fuzzy logic, open source code geographic information systems,

QGIS, spatial operations

I. INTRODUCTION

9 3 % of our country's soil, 98% of its population and 93%

of its dams [1] are in earthquake-affected areas, so the
social and economic losses caused by earthquake disaster
require very serious precautions [2].
probability calculations in earthquake hazards determinations
are important decision tools since the location, timing,
magnitude and other features of future earthquakes are
uncertain [3].

Earthquake hazard analysis of the settlements is required for
taking the precautions. Analyzes should be made using
geographic information systems (GIS). Thus, with the
thematic maps created together with the spatial and attribute

Estimates based on

data, scenarios related to pre-disaster, disaster moment and
post-disaster can be established with the disaster that can
occur. In this context, as a result of the analyzes carried out
together with the geographic information systems, priority
districts can be determined according to the hazard value.
Before any disasters occur, it is possible to achieve the least
loss of life and property at the time of disaster and afterwards
by carrying out studies aimed at high risk dangerous districts.
Geographic information systems can be used to determine the
most suitable places for collection areas after disaster.
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II. MATERIALS AND METHODS

The study area includes districts of Diizce. Diizce is plainly
located in the western black sea region. The province center of
Diizce with an area of 2492 km2 is located at 39051 minutes
north latitude and 31008 minutes east longitude. The place of
Turkey among the illusions lies in the western and northern
part of the Bolu province lands to the east of Sakarya province
and the southwestern part of Zonguldak province [4]. The
study was conducted in five steps. In the first step, spatial data
were used to use in earthquake hazard analysis and to create
thematic map in geographic information system. At this step,
Diizce provincial boundaries and district boundaries were
manually digitized in the form of closed area (polygon) using
QGIS open source geographical information system and
Google Hybrid map as a base layer. Later active faults and
alluvial areas were digitized using the WMS (Web Map
Service) published by the General Directorate of Mineral
Research and Exploration, "Geoscience Map Viewer and
[5], as a base layer on QGIS [6]. The
epicenter points of earthquakes were obtained by searching the
magnitude is greater than or equal 3 through the web page of
"B.U. KOERI-RETMC Earthquake Catalog Search System" [7]
of Bogazi¢i University, Kandilli Observatory and Earthquake
Research Institute.

Drawing Editor "

The epicenter, which is the earthquake
center point, is the point on the earth closest to the focus
point. At the same time, it is the point where the earthquake is
most damaged or felt the strongest [1]. In the second step,
spatial performed using
vectorized alluvial areas, active faults, earthquake epicenter

intersection operations were
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point data with Diizce district boundaries using QGIS. Alluvial
areas, active faults and earthquake point amounts within the
boundaries of each district are thus determined for analysis. In
the third step, alluvial areas, active faults and earthquake point
data obtained for each district were used as parameters and
analyzed with AHP. In the fourth step, alluvial areas, active
faults lengths and count of earthquake epicenter point data
obtained for each district are used as parameters and analyzed
with MATLAB Fuzzy Logic Designer add-on [8]. In the fifth
step, based on the earthquake hazard results obtained,
thematic maps have been created based on the districts.

A. PREPARATION OF SPATIAL DATA

In the preparation step of spatial data, firstly the province
boundaries and districts of Diizce are created by QGIS in the
form of vector layer (Figure 1). Afterwards all the vector layers
shown in Figure 2 were created. These layers are alluvial areas,
active faults and epicenter of the earthquake outer-center
points of the earthquakes with a magnitude greater than 3 on
between 1905 and 2016.

Fig.1. Creation of Vector Layers with Diizce Province and
District Boundaries with QGIS.
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Fig.2. Demonstration of vector layers of epicenter

points, active faults and alluvial areas by QGIS for
Diizce Earthquake Hazard analysis.
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B. CREATION OF SPATIAL DATA ON THE BASIS OF
DISTRICTS

The layers created in the vector format are intercepted in
the QGIS to determine the quantities within each of the
boundaries of each district. As a result, new vector layers were
created.
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C. EARTHQUAKE HAZARD ANALYSIS WITH
ANALYTICAL HIERARCHY PROCESS (AHP)

The Analytic Hierarchy Process (AHP) was originally
proposed by Myers and Alpert in 1968, and in 1977 it was
developed as a model by Saaty to be used in the solution of
decision making problems [9]. AHP can be described as a
decision-making and forecasting method that gives the
percentage distributions of decision points in terms of the
factors affecting the decision, which can be used if the decision
hierarchy can be defined. The AHP relies on individual
benchmarks on a decision hierarchy, using a pre-defined
comparison scale, in terms of the factors that influence
decision making and, if necessary, the significance of decision
points in terms of these factors. As a result, differences in
importance are transformed into percentages on decision
points [10]. As shown in Figure 3, firstly an aim is
determined with the AHP and the criteria are determined
accordingly. Subsequently, for each criterion, alternative
values are used to obtain values for each alternative. As a
criterion epicenter of the earthquake outer-center points of the
earthquakes with a magnitude greater than 3, active faults
lengths and alluvial areas were used for each district boundary
to determine the earthquake hazard. Alternatively, the districts
are used. Thus, appropriate earthquake hazard results were
obtained by using the values of the three criteria each ruler
had. The values used for each district in the AHP analysis are
shown in Table I. The values obtained as the result of the
analysis are shown in Table II. As a result of the analysis, it is
seen that the central district has the highest earthquake hazard
value.
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Fig 3. General Structure of AHP.
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Table I. Epicenter of the earthquakes with a magnitude
greater than 3, active faults lengths and alluvial areas were
used for each district boundary values

Districts Epicenters Active Alluvial
>= 3 (total) Faults (m) Areas (km?)
Akgakoca 4 6593 24.020
Yigilca 96 66661 7.445
Cilimli 24 27619 46.401
Cumayeri 14 22855 10.983
Gimiisova 33 8575 24.842
Gélyaka 72 46472 46.664
Kaynash 68 32143 47.294
Merkez 142 80405 323.785

Table II. Earthquake Hazard Values of Diizce
Districts as a Result of Analysis with AHP

District Rank AHP Values (%)

Yigilca 2 15.00
Gélyaka 3 13.40
Kaynagh 4 11.53

Cilimli 5 07.75

Giumiisova 6 04.91
Cumayeri 7 04.29
Akgakoca 8 02.52

The thematic map of the analysis values is shown in Figure 4.
The hazard value is increasing towards the southern parts of
Diizce province. The hazard values of the earthquake towards
the red tone from the blue tones are increasing.

Fig.4. Demonstration of AHP Earthquake Hazard Values
of Diizce Districts with Thematic Map by QGIS

D. EARTHQUAKE HAZARD ANALYSIS WITH FUZZY
LoGic

Fuzzy logic is a concept that first appeared in 1965 when Dr.
Lotfi A. Zadeh published an article on "Information and
Control" in this issue. Fuzzy logic is a very valuable form of
logic that deals with values that are roughly characterized and
can be reasonably judged from absolute and exact values [11].
Fuzzy logic holds intermediate values such as very long, long,
medium, short, and very short instead of long-short, as in
human logic, and everything is represented by values in the
range [0,1]. In summary, fuzzy logic is preferred if the results
in a system need not be precisely defined, if the results are to

be displayed in range values, or if mathematical criteria are to
be determined and classified as adjectives [11 - 18]. The reason
of comparison fuzzy logic with AHP is time and location of
the disaster is uncertain. Using fuzzy logic method, a model
with current data is created. In this model, earthquake hazard
is defined as low, medium and high. After the earthquake
disaster, the fuzzy logic model will be used to model the
current earthquake hazard values only by entering the current
system.

In the Fuzzy Logic Method, criterion values are used in a
similar manner to the AHP method. For this, Fuzzy Logic
Designer plugin is used via MATLAB. Membership functions
were created separately for each criterion to reach the results
obtained in the AHP with the existing values. Afterwards, the
basic rule table is defined, for example, if the number of
epicenter points, the fault length and the alluvium area of a
district are low, earthquake hazard is low and in the opposite
case, the danger value is high. Furthermore, the decision
maker has been defined according to various probability
interpretations of the rule table. All rules were evaluated and
earthquake hazard analysis was made according to the values
that each district had. Figure 5 shows the general structure of
the fuzzy logic model. From the left to the right in the
direction of flow, firstly the rules are added to the rule table
which is created together with the values that the districts have
for each criterion.

Active Faults ] Earthquake
Fuzzy Logic Hazard Analysis
Model Results

Alluvial Areas

Fig.5. General structure of Fuzzy Logic.

The values used in the generated fuzzy logic model are as in
Table III.

Table III. Input and Output Values Used in Fuzzy Logic

Model
Range Low Medium High

Epicenters [0 200] [00855] [16.555.8 117]  [55 168 200 200]
(Figure 6)

Active Faults 1 120] [007.2 40] [007.2 40] [007.240]
(Figure 7)

Alluvial Areas 9 400] (0011 66] [073.2149.1] (66 191.4 400
(Figure 8) 400]
Earthquake [2.3035.518 6.533  [5.316.230.3

Hazard Results [030]  [000.0348 5.25] 10.2] 30.3]
(Figure 9)
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Fig.9. Membership Function of MATLAB Fuzzy Logic
Designer Results

3. If (epicenters is medium) and (fault is medium) and (alluvial is medium) then (hazard.result is medium) (0.8)
4, If (epicenters is medium) and (fault is medium) and (alluvial iz low) then (hazard.result iz medium) (0.2)

5. If (epicenters is low ) and (fault is medium) and (alluvial is low) then (hazard.result is low) (0.5}
5. If (epicenters is medium) and (fault is low ) and (alluvial is low) then (hazard.result is low) (0.5}

Fig.10. Rule Table

After the fuzzy model is constructed, the earthquake hazard
values obtained according to the input values are obtained
visually with the rule viewer. In Figure 11, the hazard result
values change dynamically according to the values obtained by
moving the vertical red line with the mouse to the right or left
by hand. The earthquake hazard value of 18.80 is obtained,
which is count of epicenter of the earthquakes with a
magnitude greater than 3 is 100, length of faults is 60 km and
alluvial area is 200

eplcenters = 100 fault = 60 alluvial =200

hazard.result = 18.8
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Fig.11. Visual View of Rule Table.

km?. This value should be multiplied by 2 to normalize with
AHP results. Equivalent AHP value is 37.60%. While the basic
rule table was constructed, the values of each districts were
evaluated separately for each criterion. Values close to those
obtained with AHP were found. In this way, earthquake
hazard analysis can be performed quickly with the values to be
entered via MATLAB with the dynamically changing
numbers.

ITI. FINDINGS AND DISCUSSION

The results obtained by using AHP and Fuzzy Logic methods
are shown in Table 4. In Figure 12, the results obtained from
AHP and Fuzzy Logic Model for each district is similar to the
correlation value of 0.996.

Table.4. Earthquake Hazard Values Obtained with AHP
and Fuzzy Logic Models of Diizce Districts.

AHP Fuzzy Fuzzy Logic
District Rank  Values Logic Values * 2
(%) Values (%)
CMerkez 1 39551970 3940
Yigilca D) 15.00 06.24 12.48
Golyaka 3 13.40 06.20 12.40
Kaynasl 4 11.53 05.73 11.46
Cilimli 5 07.75 03.87 07.74
Giimiisova 6 04.91 02.00 04.00
Cumayeri 7 04.29 01.92 03.84
Akgakoca 8 02.52 01.75 03.50

Comparison of AHP and Fuzzy Logic Methods

Fig.12. Demonstration of Results Obtained by Using AHP
and Fuzzy Logic Methods.
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IV. RESULTS AND RECOMMENDATIONS

Accelerating and analyzing earthquake hazard analysis is
possible by evaluating several parameters. With AHP and
Fuzzy Logic methods, earthquake hazard analysis can be done
and the results are compatible with each other. According to
the three criteria, earthquake hazard analysis for Diizce central
district is the most risky district with 39% .Yigilca, Golyaka
and Kaynash districts are medium risky districts. Cilimli,
Giimiisova, Cumayeri and Akgakoca were determined as the
least risky districts. The use of fuzzy logic for a dynamic
earthquake hazard model is a quick solution. In the classical
AHP Method, post-disaster values are re-adding and
recalculations for each criteria and alternatives. In the fuzzy
logic, after post-disaster only changed values of criteria or
alternatives are updating via MATLAB fuzzy logic extension
and then updated earthquake hazard analysis results can be
obtained.

ACKNOWLEDGMENT

The study is selected from International Engineering
Research Symposium-UMAS 2017 (Duzce University).

REFERENCES

[1]1  http://www.koeri.boun.edu.tr/sismo/Personel/comoglu/depremnedir
,07/07/2017

[2]  Baymdihk Ve Iskan Bakanligi Deprem S$urast Sonug Bildirgesi,
Istanbul, 1 Ekim 2004

[3] F. Ozep, M. Asci, N. Alpaslan, T. Yas, D. Giindogdu, "Statik Ve
Dinamik (Deprem) Etkiler Altinda Zemin Davranisi, Deprem
Sempozyumu, Kocaeli, 2005

[4] Diizce Organize Sanayi Bolgesi Revizyon Imar Plan1 1/5000 - 1/1000
Agiklama Raporu, 2017

5]  http://yerbilimleri.mta.gov.tr/anasayfa.aspx, 07.11.2017
http://www.qgis.org/tr/site, 07.11.2017
http://udim koeri.boun.edu.tr/zeqdb, 07.11.2017

8]  https://www.mathworks.com/help/fuzzy/fuzzylogicdesigner-
app.html?requestedDomain=www.mathworks.com , 07/07/2017

[9] S. Uzun, H. Kazan, “Cok Kriterli Karar Verme Yontemlerinden AHP
TOPSIS ve PROMETHEE Karsilagtirilmasi: Gemi Insada Ana Makine
Segimi Uygulamas1”, Journal of Transportation and Logistics, 2016

[10] http://debis.deu.edu.tr/userweb/k.yaralioglu/dosyalar/
Analitik_Hiyerarsi_Proses.doc, 05.07.2017

[11] F. Bozyigit, D. Kiling, A. Kut, M. Kaya, “Bulanik Mantik Algoritmalar1
Kullanarak Kaynak Kod Benzerligi Bulma”, XVII. Akademik Bilisim
Konferans: - Ab, 2015

[12] M. Yimaz, E. Arslan, "Bulanik Mantigin Jeodezik Problemlerin
Coziimiinde Kullanilmasi', Harita ve Kadastro Miihendisleri Odasi,
Miihendislik Olgmeleri STB Komisyonu 2. Miihendislik Ol¢meleri
Sempozyumu, 23-25 Kasim 2005, ITU - Istanbul

[13] M.A. Derinpmar, A. C. Aydinoglu, "Bulanik Mantik ile Cografi Bilgi
Teknolojilerini Kullanarak Taginmaz Degerlemesi’, TMMOB Harita ve
Kadastro Miihendisleri Odasi, 15. Tiirkiye Harita Bilimsel ve Teknik
Kurultay, 25-28 Mart 2015, Ankara

[14 ]C. Senol, T. Yildirim, "Bulanik-Sinir Ag1 Yapisi I¢in Yeni Bir Karma
Yaklasim", http://www.emo.org.tr/ekler/2d3d18a536479¢3_ek.pdf

[15] I Y. Kazu, O. Ozdemir, “Ogrencilerin Bireysel Ozelliklerinin Yapay
Zeka ile Belirlenmesi (Bulanik Mantik Ornegi)", Akademik Bilisim 09 -
XI. Akademik Bilisim Konferans: Bildirileri 11-13 $ubat 2009 Harran
Universitesi, Sanliurfa

[16] B. Giiltekin, S. Birogul, I. Yiicedag, "Ise Alm Siireci Aday On
Tesbitinde Bulanik Mantik Tabanli SQL Sorgulama Yonteminin
Incelenmesi", Diizce Universitesi Bilim ve Teknoloji Dergisi, 3 (2015)
198-209

[17] M. E. Bayrakdar, S. Bayrakdar, I. Yiicedag, A. Calhan, "Biligsel Radyo
Kullanicilart igin Bulanik Mantik Yardimiyla Kanal Kullanim Olasilig:
Hesabinda Farkli Bir Yaklagim", Diizce Universitesi Bilim ve Teknoloji
Dergisi, 3 (2015) 88-99

(18] M. S. Bigen,, A. Calhan, I. Yiicedag , "Kablosuz Heterojen Algilayici
Aglarda Bulanik Mantik Tabanli Ag Gegidi Segimi", Diizce Universitesi
Bilim ve Teknoloji Dergisi, 4 (2016) 655-660

BIOGRAPHIES

Levent Sabah was born in Eskisehir, Turkey. He received the B.Sc. degree
in Computer Engineering from Cukurova University, Adana, Turkey, in
2011. Since 2017 he has been working at Diizce University, as a specialist
at the IT department. Currently he is finalizing his master studies in
Computer Engineering, Diizce University. His current research interests
are R programming, big data, data mining, social network analysis,
geographic information systems, augmented reality and mobile
application development.

ibrahim Yiicedag received the B.Sc., M.Sc., and Ph.D. degrees from Gazi
University, Ankara, Turkey, in 1995, 1998, and 2007, respectively.
He is currently an Associate Professor with the Department of Computer
Engineering, Diizce University.

Cihan Yal¢in received the B.Sc. degree in Geological Engineering from
Selguk University, Konya, Turkey, in 2009 and M.Sc. degree from
Kahramanmaras Siit¢ii Imam University, in 2012. He worked as a
Reserach Asistant at Kahramanmarag Siit¢ii Imam University between
2010-2012. Since 2012 he has been working at Ministry Of Science,
Industry and Technology as an engineering. Currently he is continuing
his Phd Studies at Istanbul University.

- 005 -



	- 00_JCS cover_frontside
	- 00_JCS_front_matter
	- 043 --- 047 -
	I. Introduction
	II. MATERIALS AND METHODS
	A. Preparation of Spatial Data
	B. Creation of Spatial Data on the Basis of Districts
	C. Earthquake Hazard Analysis with Analytical Hierarchy Process (AHP)
	D. Earthquake Hazard Analysis with Fuzzy Logic

	III. FINDINGS AND DISCUSSION
	IV. RESULTS AND RECOMMENDATIONS
	ACKNOWLEDGMENT
	References
	Bıographıes

	- 048 --- 052 -
	I. Introduction
	II. Dataset descrıptıon and Propertıes
	III. Feature extraction and Selection
	IV. Classıfıcatıon
	A. Multilayer Artificial Neural Networks (MLANN)
	B. Support Vector Machınes (SVM)
	C. k-Nearest Neıghbors (k-NN)

	V. Results and Discussion
	ACKNOWLEDGMENT
	References
	Bıographıes

	- 053 --- 057 -
	I. Introduction
	II. HISTOGRAM AND FUZZY C-MEANS BASED AUTOMATIC THRESHOLD SELECTIONFOR EDGE DETECTION IN COLOR IMAGES
	A. Obtaining the Similarity Image based on the Relation Matrix
	B. Edge Detection of Automatic Threshold by Histogram Curve
	C. Edge Detection of Automatic Threshold by Fuzzy C-Means

	III. DISCUSSION
	IV. Conclusions
	ACKNOWLEDGMENT
	References
	Bıographıes

	- 058 --- 062 -
	I. Introduction
	II. USED METHODS AND MODELLING
	A. Multiple Linear Regression Model
	B. Gaussian Process Regression Model
	C. Feature Extraction and Normalization with Curve Fitting
	D. Evaluation of Model Accuracy

	III. SIMULATION AND EXPERIMENTAL RESULTS
	IV. Conclusions
	Acknowledgment
	References
	Bıographıes

	- 063 --- 069 -
	I. Introduction
	II. SYSTEM DESCRIPTION
	A. Stage one: Air conditioning module
	B. Stage two: Microcontroller module
	C. Stage Tree: Server module
	D. Stage Four: User Module

	,
	III. Diagnosing Faults with neural networks
	IV. CONCLUSION
	References
	BIOGRAPHIES

	- 070 --- 074 -
	I. Introduction
	II. why QUANTUM?
	III. QUANTUM computatıon
	IV. towards quantum cognıtıve computatıon
	CONCLUSIONS
	References
	Biography

	98_JCS_publication_ethics
	99_JCS_cover_backside



