IEEE Access

Multidisciplinary : Rapid Review : Open Access Journal

Received 13 January 2024, accepted 28 January 2024, date of publication 31 January 2024, date of current version 9 February 2024.

Digital Object Identifier 10.1109/ACCESS.2024.3360721

== RESEARCH ARTICLE

DBDM: Dominance Based Decision Making and
GIS Integrated Earthquake Vulnerability
Assessment of Elazig/Tiirkiye

MIHRIMAH OZMEN

Department of Industrial Engineering, Erciyes University, 38039 Kayseri, Turkey

e-mail: mihrimah @erciyes.edu.tr

This work was supported by the Scientific and Technological Research Council of Turkey under Project 121E406.

ABSTRACT Assessing earthquake vulnerability is important for comprehending the potential consequences
of seismic events on human life and property. In Tiirkiye, where earthquakes pose a significant threat,
earthquake hazard analysis is especially critical. Multi-criteria decision-making (MCDM) methods play a
crucial role in earthquake vulnerability assessments by providing a structured and transparent approach to
decision-making, considering several criteria such as building conditions, population density, accessibility,
and more. The integration of Geographic Information Systems (GIS) with MCDM methods provides a
powerful approach to earthquake vulnerability assessment. GIS enables the management of geographic
data and facilitates the rank of alternatives. In this study, a novel MCDM method called Dominance Based
Decision Making (DBDM) was introduced and the DBDM method was applied to rank renewable energy
sources. Besides, we focused on assessing earthquake vulnerability in Elaz1g, Tiirkiye with DBDM. The
research evaluates the earthquake vulnerability of Elazig’s districts and its’ central district neighborhoods
(NH) by considering building conditions and GIS-based risk and hazard factors with DBDM. This research
offers a systematic and structured approach to earthquake vulnerability assessment, providing valuable
insights for disaster preparedness and risk mitigation strategies. The integration of MCDM methods with GIS
enhances decision-making processes and contributes to better-informed choices in the face of seismic risks.
The study’s results reveal that Sivrice is the most earthquake vulnerable district and Sali Baba, Esentepe,
Fevzi Cakmak, Olgunlar, and Aksaray are among the NHs most vulnerable to earthquakes in the Central
District of Elaz1g.

INDEX TERMS MCDM, GIS, disaster management, earthquake vulnerability assessment.

I. INTRODUCTION

In our contemporary and dynamically evolving world,
decision-makers confront intricate challenges that necessitate
a methodical and well-informed approach to MCDM tech-
niques offer a systematic framework for addressing decision
problems characterized by multi objectives, diverse crite-
ria, and varying preferences [1]. Significant strides have
been made in recent years within the domain of MCDM
methodologies. Traditional approaches such as the Ana-
lytic Hierarchy Process (AHP) and Technique for the Order
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of Prioritization by Similarity to Ideal Solution (TOPSIS)
have laid the basis for decision-making. Recent advance-
ments in MCDM methodologies have introduced special-
ized techniques such as SPOTIS, COMET, SIMUS, and
RANCOM [2], [3], [4], [5]. These innovative approaches
contribute to the diversity of available methods, allowing
decision-makers to adapt their strategies to specific decision
problems. SIMUS, based on Mathematical Programming,
follows a systematic process similar to AHP [3]. The COMET
method is not susceptible to rank reversal, showcasing its
superior accuracy in certain cases compared to TOPSIS and
AHP in experimental studies [4]. SPOTIS avoids rank rever-
sal by establishing a preference order based on the score
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matrix without relying on relative comparisons between alter-
natives [5]. RANCOM method, designed for determining
criteria weights through expert knowledge. The method’s
efficacy relies on establishing the ranking order of criteria
to derive the weights vector [2]. Nevertheless, innovative
methodologies have arisen, including MCDM techniques that
account for conflicting objectives, fuzzy-based strategies that
accommodate uncertainty and imprecision, data-driven mod-
els harnessing machine learning and extensive data analytics,
as well as hybrid approaches that integrate multiple method-
ologies [6]. Furthermore, MCDM techniques have discovered
diverse applications in many areas. Ranging from business
and management to engineering, environmental decision-
making, healthcare, and public policy, these techniques have
verifiably demonstrated their efficacy in addressing complex
decision problems [7]. MCDM methods are instrumen-
tal due to their ability to address the intricate nature of
decision-making involving multiple objectives, criteria, and
stakeholders [8]. The significance of MCDM methods can
be divided into several key aspects: a systematic approach,
incorporation of multiple objectives, handling uncertainty
and subjectivity, inclusion of stakeholder perspectives, and
versatile applications.

MCDM methods provide a systematic and structured
approach that helps decision-makers break down complex
problems into manageable criteria, evaluate alternatives
against these criteria, and make well-informed decisions
based on defined rules [9]. This structured approach reduces
ambiguity, ensures transparency, and fosters consistent
decision-making. In many real-world decisions, multiple
criteria need simultaneous consideration. MCDM methods
allow for the explicit handling of these multiple criteria,
enabling decision-makers to strike a balance among compet-
ing goals [10], [11]. They facilitate the capture of preferences
and tradeoffs between objectives, aiding in the identifica-
tion of optimal or satisfactory solutions that align with the
preferences of the decision-maker. Decision-making often
deals with uncertainty and subjectivity. MCDM methods
offer techniques to manage uncertain information, such as
employing fuzzy logic or probabilistic models, enabling
robust decisions even in situations with incomplete or
imprecise data [12]. Additionally, MCDM methods pro-
vide mechanisms to incorporate the subjective judgments
and preferences of decision-makers, ensuring their perspec-
tives are appropriately considered in the decision-making
process. Many decision contexts involve multiple stakehold-
ers with varying interests. MCDM methods facilitate the
inclusion of multiple stakeholder perspectives by explic-
itly considering their criteria and preferences [13]. This
participatory approach promotes fairness, inclusivity, and
stakeholder engagement, resulting in decisions that garner
broader acceptance and support. MCDM methods have found
applications across various domains, including business,
engineering, environmental management, healthcare, and
public policy [14]. They offer valuable tools for addressing
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complex decision challenges in different fields, from strategic
planning and project selection to resource allocation and risk
assessment. Their adaptability makes them suitable for a wide
range of decision-making scenarios. In essence, the signifi-
cance of MCDM methods lies in their capacity to enhance
decision-making through a structured, comprehensive, and
inclusive approach [15]. By encompassing multiple objec-
tives, criteria, and stakeholder perspectives, MCDM methods
enable informed decision-making, enhance transparency, and
lead to improved decision outcomes in complex and uncertain
decision environments.

As detailed above, the literature has quickly evaluated
MCMD methods. These methods play an important role in
decision-making processes, used to evaluate many different
criteria and alternatives. MCDM methods are used in technol-
ogy, business, environment, and many other fields. Growth
and scalability in technology have increased the availability
and importance of MCDM methods. MCDM methods help
evaluate different alternatives by considering several different
criteria (usually performance measures or objectives). These
methods make complex decision-making processes more
structured and produce results in a transparent and traceable
way. This enables decision-makers to understand why they
chose a particular alternative and to verify that decisions are
based on a logical basis. Widespread adoption of MCDM
methods increases their usability to improve decision-making
processes across different industries and disciplines. These
methods are especially useful in solving complex and multidi-
mensional problems. Additionally, these methods often make
it easier to take into account the views and priorities of various
stakeholders, which helps make more participatory and fair
decisions [16]. In this study, a new MCDM method DBDM
was proposed. DBDM is based on a one-to-one comparison
of alternatives and dominance information. In the MCDM
approaches literature, if an alternative was much better than
the other alternative in terms of one criterion, the goodness of
the others in terms of other criteria could be left in the back-
ground. In the DBDM method, just because one alternative is
much better than the other alternative in terms of a criterion
means the same thing. Thus, an alternative that is much bet-
ter in terms of one criterion cannot overshadow alternatives
that are better in other criteria. Both DBDM and tradi-
tional approaches SPOTIS, TOPSIS, VIKOR, ELECTRE,
PROMETHEE, RANCOM, COMET, and SIMUS exhibit
distinct characteristics in the realm of MCDM and provide
diverse approaches to MCDM challenges. DBDM, as a novel
method, concentrates on comparing alternatives and deriv-
ing dominance information. DBDM differentiates itself by
focusing on comparing alternatives and utilizing dominance
information. Unlike some counterparts, DBDM does not
necessitate normalization steps, ensuring more results that
are consistent. DBDM stands out for its simplicity and con-
sistency, while RANCOM provides efficiency in handling
complex problems. COMET introduces the concept of immu-
nity to rank reversal, combining expert-based and objective
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approaches. Compared to COMET, DBDM obtains more
objective results without the need for normalization steps
and the problem of rank inversion. SIMUS, with its foun-
dation in Mathematical Programming, aims to provide more
objective expert opinions. TOPSIS, VIKOR, ELECTRE, and
PROMETHEE, each employ normalization steps, requiring
the standardization of alternatives. TOPSIS stands out in its
approach, ranking alternatives based on their similarity and
dissimilarity to the best and worst solutions. VIKOR, aiming
to resolve dilemmas, incorporates proximity to ideal solutions
and a ranking mechanism. ELECTRE and PROMETHEE,
on the other hand, focus on criteria-based ranking, involv-
ing double sorting, double comparison, and weighting steps.
Unlike many other methods, the DBDM method does not
require normalization, providing ease of use and at the same
time providing more reliable, faster, and understandable solu-
tions. The choice among these methods depends on specific
problem contexts and user expertise. DBDM method applied
to renewable energy sources ranking problem and showed the
consistency between the well-known MCDM methods.

Earthquake risk encompasses the potential for both the
loss of life and property damage resulting from seismic
events [17]. A comprehensive earthquake hazard analysis
necessitates a thorough examination of the vulnerability of
an area exposed to seismic hazards. In its broadest sense,
earthquake hazard analysis entails evaluating the likelihood
of the most significant ground motion occurring in a specific
location and time, resulting from an earthquake of sufficient
magnitude to cause structural damage and loss of life [18].
Notably, according to the “2019 Overview of Disaster Man-
agement and Statistics of Natural Events” report by the
Disaster and Emergency Management Presidency (AFAD) of
the Ministry of Interior, earthquakes are identified as the most
economically and life-threatening type of disaster in Tiirkiye,
contributing to 60% of disaster related casualties [19].

In the framework of the National Earthquake Research
Program, AFAD recently conducted an earthquake hazard
analysis in Tiirkiye, leading to the publication of Figure 1:
“Tirkiye Earthquake and Elaz1g Hazard Map.”” This map has
revealed some significant findings, indicating that approxi-
mately 92% of Tiirkiye’s geographical area is located within
earthquake prone zones. Furthermore, an estimated 95% of
the country’s population resides in areas exposed to earth-
quake risks, while approximately 98% of major industrial
centers are also situated in regions classified as earthquake
prone [19]. The 2018 Tiirkiye Earthquake Hazard Map,
as presented by AFAD, illustrates a notable correlation
between high earthquake hazard areas and densely populated
regions.

Natural disasters are events that continue to occur around
the world, and therefore it is critically important to under-
stand when these hazards become disasters. Identification,
measurement, and assessment of vulnerabilities should be
done periodically because this helps develop disaster pre-
paredness and risk reduction strategies Dwyer [20]. Vulner-
ability analyses can provide very important information to
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FIGURE 1. Tiirkiye and Elazig Earthquake Hazard Map [19].

decision-makers. Such analyses evaluate the effects of poten-
tial hazards on physical, economic, social, and administrative
components and thus provide a basis for developing risk mit-
igation strategies. Particularly in urban areas, such analyses
can examine potential damages and losses caused by hazards
such as earthquakes. This is important for cities to be prepared
and respond more effectively in disaster situations. Vulnera-
bility determines how susceptible an area is in the event of
danger. By taking into account the combination of physical,
social, economic, and environmental factors, this concept
helps us better understand possible damages and losses. This
information is critical to developing disaster management and
preparedness plans and can help communities stay safer.
Assessment of vulnerability to earthquakes is a complex
and multidimensional problem, and an integrated approach
is required to perform these assessments effectively [21].
MCDM methods are widely used techniques for earthquake
vulnerability assessment [22], [23]. These methods help ana-
lyze earthquake risk and vulnerability by taking into account
different criteria. These criteria may include physical building
conditions, accessibility, and many other factors. Addition-
ally, an integrated approach should be adopted to assess
vulnerability to earthquakes. These factors can affect pos-
sible damage and losses after an earthquake. Shayannejad
and Angerabi [24] proposed an MCDM model for assess-
ing earthquake susceptibility in the Tehran region of Iran.
They used the AHP method to obtain the importance rat-
ings of criteria and applied Fuzzy Logic for normalization.
Peng [25] and Chen et al. [26] evaluate earthquake risk in
China. Yariyan et al. [27] and Jena et al. [28] obtain earth-
quake risk maps. Giiler et al. [29], Yiicel [30], Balyemez and
Berkoz [32], Ozmen [32], and Kundak [33] evaluated the
earthquake vulnerability of Tiirkiye and Tiirkiye’s regions.
MCDM provides decision-makers with the ability to store,
analyze, and visualize data, while GIS offers a platform for
assessing the desirability of alternatives based on their spatial
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characteristics and geographic values. This combination of
MCDM and GIS is particularly powerful for decision-making
in various fields, especially in spatial analysis and location-
based assessments. MCDM methods are used for decision
support and evaluation. They allow decision-makers to
consider multiple criteria and constraints when assessing
alternatives or potential solutions. MCDM techniques enable
the quantification and comparison of various factors that
contribute to decision-making, taking into account both quan-
titative and qualitative data. GIS, on the other hand, provides
a platform for working with geographic data. It allows for
the storage, visualization, and analysis of spatial information,
making it possible to understand the spatial relationships
and patterns within data. GIS tools can be used to create
maps, perform spatial analyses, and generate visualizations.
By integrating MCDM with GIS, decision-makers can lever-
age the strengths of both technologies. They can use MCDM
to define criteria, assign weights to these criteria, and perform
evaluations based on these criteria. Meanwhile, GIS provides
the spatial context for these evaluations.

This integrated approach is valuable in a wide range of
applications. It empowers decision-makers to make more
informed and geospatially aware choices. Nyimbili et al. [34]
utilized GIS and TOPSIS integrated with AHP to analyze
earthquake monitoring and risk. Kumlu and Tiides [35]
employed a GIS-based AHP and TOPSIS approach to iden-
tify earthquake prone areas in Yalova, Tiirkiye, considering
28 indicators. Jena et al. [36] suggested an MCDM model
using AHP, VIKOR, and GIS for earthquake susceptibil-
ity assessment. Jena et al. [37] applied an integrated AHP
for earthquake damage susceptibility assessment, estimating
the weights of various criteria. Milad Moradi et al. [38]
proposed a GIS-based model using an ordered weighted
averaging operator that can analyze different seismic vulner-
ability maps based on optimistic and pessimistic scenarios.
Delavar et al. [39] focus on evaluating the vulnerability of
hospital buildings in Tehran, Iran, to earthquakes by utilizing
a combination of GIS and a Group Multi-criteria Decision
Making (GMCDM) approach. Kumlu and Tiides [35] repre-
sent a research study or project focused on identifying areas
within Yalova City Center in the Marmara region of Tiirkiye
that are at higher risk for earthquakes. This study employs
GIS in combination with MCDM techniques, specifically the
AHPS and the TOPSIS.

As detailed above, the literature has successfully evalu-
ated earthquake vulnerability by MCDM methods. Therefore,
in this study, all districts of Elazig and central district NHs
of Elazig/Tiirkiye earthquake vulnerability were evaluated
with GIS aspects according to the two main criteria: A:
Buildings and B: GIS-based risk and hazard. All districts of
Elaz1g and NHs of central district earthquake vulnerability
ranked using with newly proposed MCDM method called
DBDM.

The structure of the study is as follows. The proposed
DBDM was introduced in Section II. The DBDM method is
used in Section III to rank the renewable energy sources, and
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in Section IV GIS based earthquake vulnerability assessment
of Elaz1g, TURKIYE with the DBDM method and its’ results
and discussion was introduced. Lastly, Section V provides
conclusions and recommendations for future work.

A. STUDY NOVELTY AND CONTRIBUTIONS

As mentioned above, natural disasters, particularly earth-
quakes are of utmost importance on a global scale. The
identification, measurement, and periodic evaluation of
vulnerabilities must be conducted as this aids in devel-
oping preparedness and risk reduction strategies [20].
The 2018 Tiirkiye Earthquake Hazard Map illustrates that
approximately 92% of Tiirkiye s geographical area is in
earthquake-prone zones, with around 95% of the population
exposed to earthquake risks [19]. Assessing vulnerability
to earthquakes is a complex and multidimensional problem,
requiring an integrated approach for effective evaluation [21].
MCDM methods are widely used techniques for analyzing
earthquake risk and vulnerability [22], [23]. MCDM methods
are employed for decision support and evaluation, allowing
decision-makers to consider multiple criteria and constraints
when assessing alternatives or potential solutions [16]. In the
literature on MCDM, when one alternative demonstrates a
considerable advantage over another in a specific criterion,
the excellence of other alternatives in different criteria might
be overlooked. The effectiveness of MCDM methods, par-
ticularly in spatial analysis and location-based assessments,
is observed as a powerful tool for improving decision-making
processes in various domains. When integrated with Geo-
graphic Information Systems (GIS), decision-makers can
leverage the strengths of both technologies, making more
informed decisions.

In conclusion, Earthquake are important on a global scale,
especially in Tiirkiye. Earthquake Vulnerability Assessment
as Natural Disaster Preparedness is very important. The lit-
erature has successfully assessed earthquake vulnerability
through MCDM methods. Besides, Integration with GIS is
a valuable approach allowing decision-makers to leverage
the strengths of both technologies and make more informed
decisions.

In this study initially provides an overview of the earth-
quake vulnerability of all districts in Elazig province. Sub-
sequently, building upon this general perspective, a detailed
seismic sensitivity analysis is conducted focusing on the
central district, which boasts the highest population density.
This dual approach allows for a comprehensive assessment
of seismic sensitivity at both the general and local levels,
thereby ensuring the integrity of the article. By first outlining
a general framework to analyze the overall situation, the
article establishes a foundation. It then transitions to a more
specific focus, offering an in-depth analysis. This methodol-
ogy provides a holistic understanding of seismic sensitivity.

The main novelties and contributions of this work are as
follows:

i) A novel MCDM Method, DBDM, is developed and
appears for the first time in the literature;
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ii) The developed method is applied in the context of the
renewable energy sources (RENS) ranking problem;

iii) The proposed method is compared with several existing
MCDM methods and shows a high level of robustness.

iv) The introduced DBDM method is general and is not
limited to the RENs selection problem. It can be applied to
any other MCDM problem.

v) The GIS-based earthquake vulnerability of Elazig,
TURKIYE is evaluated with DBDM.

vi) Active fault and earthquake hazard map consid-
ered in earthquake vulnerability for the first time in the
literature

Il. THE PROPOSED DBDM: DOMINANCE-BASED
DECISION-MAKING METHOD

Numerous MCDM methods have been proposed over time,
including AHP [40], TOPSIS [41], PROMETHEE [42],
VIKOR [43], ELECTRE [44], Weighted Sum Model [45],
Weighted Product Model (WPM) [46], and WASPAS [47].
Scholars have identified rank reversal as one of the most
significant shortcomings of MCDM methods, primarily
attributable to normalization. The normalization process can
lead to changes in ranked values when new alternatives are
introduced or existing ones are removed, affecting the overall
ranking when MCDM methods recalculate it. In this paper,
DBDM is a new MCDM method, and it is based on the dom-
inance relation between the alternatives. Most of the MCDMs
have normalization steps, the results varying according to
the normalization techniques. DBDM does not need any
normalization step, so DBDM obtains more consistent result
than other MCDM techniques which needs a normalization
step. DBDM consists of four steps and they are detailed
below.

Step 1: Construct a Decision Matrix.

Determine m alternatives and n criteria. Forming
decision-making matrix (X). Alternatives are represented
in vector form, where the value of alternative i accord-
ing to criterion j is denoted by x;; (i=1, 2, ..., m; j=1,2,
...,n). Determine all criteria benefit or cost. If a criterion
is smaller is better than it is a cost criterion. More-
over, if a criterion is bigger is better than it is benefit
criterion.

CiC ...Cy
Ay | Xuoxi2 X
— .. — X X X
X =[xyl = A | 2052 21
Am Xml X22 - Xmn

Step 2. Construct Is Dominated Matrix (IDoM) and Dom-
inated Matrix (DoM).

d;; defines whether alternative i is better than alternative
i’ for criterion j. If alternative i is better than alternative i’
according to the criteria j, then d;y; is equal to 1 otherwise is
equal to 0. DoM is a m x m x n matrix and is defined below
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and consists of [dj;], . values.
dur duz  din
do1 driz da1n
DoM = . .

dmil dm12 -+ dpin
dlml dlmZ . dlmn
d2m1 d2m2 dZmn

) ) )

dmml dmmZ tet dmmn

id;y; defines whether alternative i is worse than alternative
i’ for criterion j. If alternative i/ is worse than alterna-
tive i/ according to the criteria j, then id;7; is equal to
1 otherwise is equal to 0. DoM is defined below and consists

of [idizj], . s, ValUES.

idiy idyz  idig

idy11 ida12 idin
DoM =

idmll idm]Z : idmln
idim idum

idom1 idomp

. id 1mn
id2mn

3

idmml idmmZ * id n

Step 3: Construct Weighted Is Dominated Matrix (WIDoM)
and Weighted Dominated Matrix (WDoM).

W=[w] ., =[wi wa ...w ] “)
WDoM = W .DoM = [Wdii,j]mxmxn ®)
WIDoM = W .IDoM = [Widii’j] ©)

Step 4: Calculate the Total Dominated and Dominated of
Each Alternative.

m n
TDoM = [TDoM;lmy1 = Zi’:l ijl wdi Vi @)

m n
TIDoM = [z2xzTIDoM;|my1 = ZH ijl widz¥i (8)

mxmxn

Step 5. Calculate the Dominance Coefficient and Rank the
Order of Alternatives.

SDoM = [zxzSDoM {1x1 = TDoM;/(TDoM ; + TIDoM ;)i
9

where SDoM ; € [0; 1] withi =1, 2, ..., m. The value is the
more the better.

Ill. RENEWABLE ENERGY SOURCES RANKING

USING DBDM

In computer science and engineering, MCDM techniques
have been employed in diverse applications, including web
service selection [48], cloud service selection in cloud
computing [49], trustworthiness assessment of Cloud Ser-
vice Providers [50], cryptocurrency mining strategy selec-
tion [51], and fog broker selection in fog computing [52].
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TABLE 1. Criteria of RENS ranking.

TABLE 2. Decision matrix.

The crucial role of energy in economic development and
its environmental impact, emphasizes the shift to renew-
able energy sources (RENS) to combat climate change.
Taiwan’s efforts to promote RENS due to energy security
concerns are highlighted. Global statistics indicate signifi-
cant growth in RENS capacity, investment, and employment,
with projections suggesting a substantial share of global
energy production by 2030. However, challenges such as
variability in solar and wind power, higher electric costs, and
the importance of infrastructure management are recognized
[53], [56].

A. DATASET

Lee and Chang [57], present an MCDM model for assessing
and ranking RENS in the context of Taiwan’s renewable
energy RENS development. The model considers economic,
technical, environmental, and social factors simultaneously.
The criteria selected in the Lee and Chang [57] study
are given in Table 1, and the decision matrix is given in
Table 2. In this study, five types of RENS include wind,
solar photovoltaic (PV), hydro, biomass, and geothermal
energy.

B. RANKING RENEWABLE ENERGY SOURCES
Now we illustrate how REs get ranked when the DBDM
method is implemented on the above-said dataset.
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Criteria Criteria Description Solar | yind Hydro | Biomass | Geothermal
type PV
Economic CECl1 4550 3005 2040 3370 3920
Investment | CECI C Expenditure on equipment and CEC2 30 60.86 14.85 99.4 112.6
cost ost installation CEC3 6.74 24 1.7 3.25 4.93
CEC2 Employees’ wages, the funds CT1 20 35 90 25.3 11.4
spent for energy, and products and CT2 15 27 25 54 71.7
O&M cost Cost services for energy system CT3 5 4 5 3 2
operation CENI1 85 26 26 45 50
Electric CEC3 Cost The cost of various energy CEN2 150 200 500 222 100
cost generation systems CSl1 0.87 0.17 0.27 0.21 0.25
Technical CS2 4.76 4.51 4.19 3.78 4.11
CT1 Efficiency is defined as the ratio
Efficiency Benefit of the output energy to the input
energy
Capacity | CT2 | 5 o | Theratio of annual total ) TABLE 3. DoM and IDoM matrices of alternative Hydro.
factor generation and installed capacity
CT3 Technology refers to the
Techm.cal Benefit reliability degre§ of the adopted Eo zo Eo 20 % 20 zo % zo %
maturity technology and its spread at the A | A e A e A =) A =)
national level
Environmental Solar PV Wind Hydro Biomass Geothermal
GHG CEN1 The life cycle GHG emissions (in CECL | 1 0 1 0 0 0 1 0 1 0
- Cost equivalent emission of CO2) from CEC2 | 1 0 1 0 |0 0 1 0 1 0
emission the technology CEC3 | 1 0 1 0 0 0 1 0 1 0
Land CEN2 Cost Land area needed for the CT1 1 0 1 0 0 0 1 0 1 0
anduse technology crz |1 o o |1 Jo o Jo [1 o |1
Social CT3 0 0 1 0 0 0 1 0 1 0
Job CSl1 Potential employment CENI | 1 0 0 0 0 0 1 0 1 0
creation Benefit opportunities to be created by the CEN2 | 0 1 0 1 0 0 0 1 0 1
energy project csi 0 1 1 0 0 0 1 0 1 0
Social CS2 Benefit Public acceptance of the RE Cs2 0 1 0 1 0 0 1 0 1 0
acceptance technology/project

i=Solar PV, Wind, Hydro, Biomass, Geothermal

Jj= Investment cost, O&M cost, Electric cost, Efficiency,
Capacity factor, Technical maturity, GHG emission, Land
use, Job creation, Social Acceptance

Step 1: Construct a Decision Matrix

The Decision Matrix of RENS given in Table 2 Decision
Matrix =X = [x;]

Step 2: Construct Is Dominated Matrix (IDoM) and Dom-
inated Matrix (DoM)

All alternatives were compared with each other accord-
ing to all criteria. In below Table 3, alternative Hydro’s
DoM and IDoM matrices are given. d;y; defines whether
alternative 7 is better than alternative i’ for criterion j. id;y;
defines whether alternative i is worse than alternative i’
for criterion j. The values in Table 3 belong to alternative
Hydro. Analyzing the initial line, it becomes apparent that
the focus is on the investment cost criterion. The values
in this row show the comparison of the Hydro alternative
with other alternatives. Since the Hydro alternative is bet-
ter than Solar PV in terms of investment cost criterion, the
DOM value is dhydro,Solarpv,cect = 1, and the IDOM
value is id gydro, Solarpv,cec1 = 0. Usually, the sum of d
and id values is 1. One takes the value 1 while the other
takes the value 0, one takes the value O and the other takes
the value 1. Only in case of equality do both take the
value 0.
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TABLE 4. WDoM and WIDoM matrices of alternative Hydro.

TABLE 6. The ranking of RES in different MCDM methods and DBDM.

= = = = =z | = = = = =

Solar PV Wind Hydro Biomass Geothermal
CECI1 0'22 0 0'32 0 0 0 o.gz 0 0.22 0
ceca | O o |8 o fo o | % o %] o
CEC3 0';)8 0 O.é)S 0 0 0 088 0 0'88 0
CTI 0.;9 0 0.919 0 0 0 ().919 0 0.919 0
T2 0.511 0 0 0.511 0 0 0 0.511 0 0.511
CT3 0 0 0';)3 0 0 0 0’83 0 0‘;)3 0
CENI1 0.08 0 0 0 0 0 0.08 0 0.08 0
CEN2 0 0'312 0 0‘3]2 0 0 0 0'312 0 0312
CS1 0 0.17 0.217 0 0 0 0.217 0 0.217 0
CS2 0 0,;)0 0 0,;)0 0 0 0,;)0 0 0,;)0 0

TABLE 5. DBDM Results of RENS.

Solar PV Wind Hydro Biomass Geothermal
TDoM 1.847 2.053 2.866 1.621 1.494
TIDoM 2.114 1.867 1.015 2.379 2.506
SDoM 0.466296 0.523724 0.738469 0.40525 0.3735
Rank 3 2 1 4 5

Step 3: Construct Weighted Is Dominated Matrix
(WIDoM) and Weighted Dominated Matrix (WDoM).

0.026
0.154
0.089
0.199
| o115
bn= | 0.039
0.08
0.123
0.172
0.003

All WDoM and WIDoM matrices were calculated according
to equations (5) and (6). In the below, alternative Hydro’s
WDoM and WIDoM matrices are given in Table 4.

Step 4: Calculate the total dominated and dominated of
each alternative and Step 5. Calculate the dominance coef-
ficient and rank the order of alternatives.

Each alternative TDoM and TIDoM values were calculated
according to equations (7) and (8). SDoM and rank the order
of alternatives were calculated according to equation (9). The
results are given in Table 5.

The well-known MCDM methods (WSM, TOPSIS,
VIKOR, and ELECTRE) and DBDM were applied to the
data. The ranking results are presented in Table 6. Hydro
was the optimal alternative in all methods. The rankings of
these five methods were similar, although not entirely equal.
All the approaches, except for VIKOR and DBDM, ranked
solar PV 2nd and wind 3rd. Biomass and geothermal were the
low ranking alternatives. TOPSIS and ELECTRE; VIKOR

Criteria weights of RENS W = [w]

19812

WSM | TOPSIS | VIKOR | ELECTRE | DBDM
Solar PV 2 2 3 2 3
Wind 3 3 2 3 2
Hydro 1 1 1 1 1
Biomass 4 5 4 4 4
Geothermal 5 4 5 5 5

and DBDM produced equal rankings of the alternatives.
As a result, DBDM results are compatible with well-known
MCDM methods.

The results obtained from WSM, TOPSIS, VIKOR, ELEC-
TRE, and DBDM methods are subsequently compared using
similarity coefficients to assess the concurrence of rankings
across these methodologies.

C. THE RANKING SIMILARITY COEFFICIENTS OF
RENEWABLE ENERGY SOURCES
In aiding the decision-making process within this domain,
there is an increasing reliance on the application of MCDM
methods. However, when addressing a particular issue with
diverse MCDM approaches, disparate rankings emerge due
to the distinct methodological foundations of each method.
Consequently, the challenge lies in establishing a dependable
decision-making framework. Shekhovtsov et al. address this
challenge by measuring the similarity of these rankings [58].
When MCDM methods yield divergent outcomes for a
given problem, it becomes essential to evaluate the degree
of similarity in the obtained results [59]. To accomplish this,
correlation coefficients offer a quantitative assessment of
the concordance among the analyzed rankings. Particularly,
Spearman’s weighted correlation coefficient can be employed
for this purpose. It enables the quantification of the strength
of dissimilarity in the outcomes produced by the utilized
methods. The concept of employing similarity coefficients
for comparing rankings is not novel and has been extensively
explored in previous studies [60], [61]. A recent contribu-
tion by Satabun introduces a novel coefficient [62], which
is an asymmetric measure where the weight assigned to a
particular comparison is the significance of its position in
the reference ranking. These coefficients are expressed as
equations (10) and (11) respectively:

_6 i (R — Ryi)2 (n—Ryi+1)+(n—Ryi+1))
n.(n®+n?—n—1)

rw=1

(10)

n Ryi — Ryi
WS =1 — 2_in | Xl P
Zi:l( max {|1 — Ry, IN — Ry}
(1)

In this section, the similarity of the obtained rankings was
calculated. For this purpose, the decision was made to utilize
the weighted Spearman correlation coefficient and the WS
similarity coefficient. Both of them are reliant on the ranking
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TABLE 7. Rankings correlation for Spearman weighted correlation
coefficient ry, .

Tw WSM TOPSIS | VIKOR | ELECTRE | DBDM
WSM 1 0.95 0.88 1 0.88
TOPSIS 0.81 1 0.85 0.47 0.81
VIKOR 0.31 0.85 1 0.25 0.31
ELECTRE | 0.81 0.47 0.25 1 0.81
DBDM 1 0.81 0.31 0.81 1
TABLE 8. Rankings correlation for WS similarity coefficient.
ws WSM TOPSIS | VIKOR | ELECTRE | DBDM
WSM 1 0.97 0.85 1 0.85
TOPSIS 0.81 1 0.85 0.7 0.81
VIKOR 0.6 0.86 1 0.48 0.6
ELECTRE | 0.67 0.72 0.84 1 0.67
DBDM 1 0.89 0.68 0.79 1

values in Table 6. Table 7 illustrates the correlations between
the obtained rankings using the weighted Spearman corre-
lation coefficient. This similarity ensures values within the
interval [—1.0, 1.0], where a value of —1.0 signifies a com-
plete lack of similarity, while 1.0 indicates complete equality.
Itis important to note that when examining the correlation of a
ranking with itself, the coefficient consistently obtains a value
of 1.0. In Table 8, the results of the similarity assessments
were obtained using the WS similarity coefficient. The values
acquired through this metric denote similarity within the
interval (0.0, 1.0]. A value of 0.0 implies no similarity among
rankings, while a value of 1.0 signifies identical rankings.

In terms of r,,, DBDM shows a strong similarity with
WSM, TOPSIS, ELECTRE with a value of 0.883. VIKOR
vs. DBDM shows perfect similarity with a value of 1.000.

In terms of WS, DBDM shows a high similarity with TOP-
SIS with a value of 0.826, while it shows a strong similarity
with WSM and ELECTRE with a value of 0.854. As in r,,
VIKOR is perfectly similar to the DBDM value of 1.000.

On both coefficients, we see that DBDM ranks highly
similar to other methods. In particular, the excellent similarity
between VIKOR and DBDM shows that the rankings of these
two algorithms are identical. High values in the r,, and WS
coefficients indicate that DBDM is in strong agreement with
other algorithms in rankings and produces highly similar
rankings with other MCDM methods.

IV. GIS-BASED EARTHQUAKE VULNERABILITY
ASSESSMENT OF ELAZIG, TURKIYE

Elaz1g province is in the southwestern part of the East-
ern Anatolia Region in Tiirkiye. It covers a total area of
9,151 square kilometers, with 8,455 square kilometers of it
being land, and 826 square kilometers consisting of reser-
voirs and natural lake areas. The average elevation of the
province from sea level is approximately 1,067 meters.
In Elaz1§ province, several geological formations are iden-
tified. These formations include filled, alluvion, Karabakir,
Alibonca, Kirkgegit, Seske Formations, Elazig Magmatites,
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FIGURE 2. Magmatic Rocks of Elazig [64].

and Keban Metamorphics. These geological features are
briefly described as follows. Filled is found in the east-
ern part of the city, consisting of excavation materials.
Alluvion is widespread in the central settlement area of
Elaz1g province, characterized by various soil types such
as sandgravel, sandygravelly clay, and silty clay. Karabakir
Formation is comprised of basalt and located in the western
part of the Dogukent district, Salibaba, and Catalgesme NH.
Alibonca Formation presents in areas affected by marine
influences, particularly around Karakaya and Keban Dams,
consisting of conglomerate, sandy limestone, sandstone, and
marl. Kirkgegit Formationcis are common in various parts of
Elaz1g province, predominantly to the west and southwest of
the city center, comprising marl, limestone, claystone, and
sandstone. Seske Formation is generally found in a small
area in the northeastern part of Elazig province, primarily
consisting of limestone and containing abundant microfos-
sils. Elazig Magmatites occur in several areas including
Fevzi Cakmak NH, Esentepe NH, Zafran NH, the north-
ern part of Firat University, Cumhuriyet NH, Abdullahpasa
NH, and between the old Beyyurdu and Karsiyaka NHs.
These magmatites are primarily composed of gabrodiorites
at the base, overlaid by basalticandesitic volcanic rocks,
and intersected by dasite dykes. Keban Metamorphics are in
areas such as Abdullahpasa, Sarigubuk NHs, and the south-
western part of Siirsiirli NH near the foothills of Meryem
Dagi. The Keban metamorphics consist of recrystallized
limestonescalcschists, marbles, and metaconglomeratescalc-
silicates. Magmatic Rocks of Elazig are given in Figure 2.
This geological information serves as the foundation for inter-
preting structural damages in the region and understanding
the geological characteristics of Elazig province [63].

Elaz1g province emerged as the settlement spread from
Harput city towards the plain. The settlement history of the
Harput region dates back more than 5,000 years.

As given in Figure 3, Elaz1g Province has 11 districts,
including one central district and 10 districts. East of;
Karakocan, Palu, Kovancilar, Aricak, west of; Baskil, in the
south; Sivrice, Maden, Alacakaya, and Agin and Keban are
located to the north.
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FIGURE 4. Elazig Central District NHs satellite image and NHs on Tiirkiye
Earthquake Hazard Map.
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FIGURE 5. Elazig Active Fault Map [64].

As the population increased and settlement areas
expanded, the number of NHs grew, and as of 2020, Elazig
Central district consists of 34 NHs. These NHs have seen
construction developments throughout their history, with
building stocks changing several times over the years. The
first NHs established were Mustafa Pasa, Icadiye, Carsi,
Akpmar, Sarayatik, Nail Bey, Rizaiye, Riistempasa, and
Izzetpasa NHs. Consequently, during the early years, these
NHs had the highest population density due to the migration
of people from Harput to the plains after the 1900s. As one
moved away from the city center towards the outskirts,
population density decreased. However, after the 1960s, the
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FIGURE 6. Flowchart for GIS based earthquake vulnerability assessment.

growth of Elazig city towards the west along Malatya Avenue
led to changes in population density distribution. In the 2000s,
the construction of housing complexes in the north and east
also led to increased population density in those areas [65].
Elaz1g central district NHs are given on the Tiirkiye Earth-
quake Hazard Map in Figure 4.

Until 1965, the building stock in Elazi§ consisted mainly
of one or two-story loadbearing brick buildings. Brick
masonry materials were used in the city center, while adobe
was used as one moved away from the center. Until this
period, a significant portion of the population lived in vil-
lages, and urban migration had not yet started significantly.
However, in 1965, the Condominium Ownership Law was
enacted, allowing the establishment of separate property
rights for apartment units [66]. With the introduction of the
Condominium Ownership Law, the number of residential
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TABLE 9. GIS-based earthquake vulnerability assessment criteria.

A. Buildings

A. 1. General properties of buildings

A. 1. 1. Average number of independent sections of the buildings

A. 1. 2. Average number of floors of the buildings

A. 1. 3. Average year of building construction

A. 2. Structural system of building

The structural system types are divided into carcass structure and masonry structure. Although masonry structures
are superior in some respects, they are not generally qualified as earthquake resistant structures because they are
cumbersome and have low resistance to dynamic and horizontal loads such as earthquakes. Carcass reinforced
concrete structures are more resistant to earthquakes compared to masonry structures.

A. 2. 1. Carrier system type of building

A. 2. 1. 1. Carcass structure building percentage

A. 2. 1. 2. Masonry structure building percentage

A. 2.2. Durability of buildings

A. 2.2. 1. Percentage of buildings in good condition

2. 2. Percentage of buildings in medium condition

A. 2.
A. 2.

2. 3. Percentage of buildings in bad condition

B. GIS-based risk and hazard.

B. 1. Fault

The criteria, which incorporate active fault data, were applied based on the building coordinates sourced from
publicly accessible maps as part of the EFEHR European Union project. These criteria were computed individually
for various radii, including 0.05km, 0.10km, 0.20km, 0.25km, 0.40km, and Skm.

B. 1. 1. 0.05 km fault

B. 1.2.0.1 km fault
B. 1. 3. 0.2 km fault
B. 1.4. 0.4 km fault
B. 1.5.5 km fault

B. 2. Earthquake
B. 2. 1. 0.05 km earthquake
B. 2. 2. 0.1 km earthquake
B. 2. 3. 0.2 km earthquake
B. 2. 4. 0.4 km earthquake

B. 2. 5. 5 km earthquake

B. 3. Average Ground Acceleration and Velocity

Peak Ground Acceleration (PGA) refers to the maximum horizontal ground movement experienced at the surface
during an earthquake. Its expected value for a construction site is determined through seismic hazard analysis.
Peak Ground Velocity (PGV) represents the rate at which a specific location on the ground vibrates due to an
earthquake, reflecting the highest recorded shaking velocity during the event.

B.3.1. PGA 475

B. 3. 2. PGA 2475

B.3.3.PGV 475

units started to increase rapidly. Especially until the 1970s,
two and three-story brick masonry buildings were constructed
extensively. Until the 1980s, most of the buildings were mul-
tistory brick masonry structures, with a few concrete frame
buildings. As the 1980s approached, brick masonry buildings
were generally built with three or four floors. During this
period, there was a rapid increase in the number of multi-
story reinforced concrete frame buildings. Simultaneously,
while the number of brick masonry structures decreased, the
number of floors in these buildings increased. During this
period, four-story brick masonry buildings were commonly
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constructed, and even five and six-story brick masonry build-
ings were boldly built.

Between 1980 and the 1990s, buildings with basement +
ground floor + first floor constructed in reinforced concrete
frames became prevalent. In the following years, additional
brick masonry floors were added to these buildings, resulting
in a significant building stock. By the 1990s, almost all build-
ings in central district NHs were constructed as reinforced
concrete frame structures. After this period, brick masonry
buildings rarely exceeded three stories. In the 2000s, a Mass
Housing project, that introduced the tunnel formwork system
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TABLE 10. Decision matrix of Elazig’s districts.

Central Sivrice Kovancilar | Palu Karakogan | Maden Baskil Keban Aricak Alacakaya | Agin
A.l.l. 4.11 1.59 2.57 1.93 1.87 1.82 1.57 1.47 1.69 1.29 1.58
A.1.2. 2.83 1.83 2.13 1.83 1.72 1.8 1.69 1.83 2.01 1.88 2.29
A.13. 1991.23 1989.89 | 1991.33 1990.84 1991.18 1989.82 | 1988.24 1990.57 | 1990.07 | 1989.58 1991.92
A2.1.1. | 037 0.2 0.31 0.16 0.28 0.16 0.07 0.01 0.01 0 0.02
A2.1.2. | 051 0.7 0.44 0.49 0.59 0.67 0.55 0.15 0.06 0 0.05
A2.2.1. | 045 0.28 0.49 0.48 0.56 0.45 0.31 0.15 0.15 0.27 0.42
A2.22. | 037 0.29 0.3 0.33 0.29 0.33 0.4 0.51 0.48 0.41 0.42
A2.23. | 0.18 0.43 0.21 0.19 0.15 0.22 0.29 0.34 0.38 0.32 0.17
B.1.1. 0.31 0.03 0.04 0.03 0.02 0.01 0 0 0 0 0
B.1.2. 0.31 0.03 0.04 0.03 0.02 0.01 0 0 0 0 0
B.1.3. 0.99 0.11 0.11 0.11 0.05 0.05 0.02 0 0 0 0
B.1.4. 3.04 0.32 0.35 0.33 0.16 0.17 0.06 0 0.01 0.01 0
B.1.5. 4232 559.03 272.08 585.39 317.67 533.75 18.23 19.89 414.22 516.56 148.71
B.2.1. 0.56 0.03 0.09 0.07 0.03 0.06 0.06 0.01 0 0 0
B.2.2. 0.56 0.03 0.09 0.07 0.03 0.06 0.06 0.01 0 0 0
B.2.3. 1.68 0.09 0.26 0.21 0.09 0.18 0.17 0.02 0 0 0
B.2.4. 5.03 0.28 0.77 0.62 0.26 0.53 0.5 0.06 0 0.01 0
B.2.5. 575.09 605.73 593.66 606.06 573.75 586.09 405.75 555.05 603.26 606.2 595.04
B.3.1. 0.41 0.62 0.53 0.65 0.55 0.57 0.38 0.3 0.49 0.51 0.42
B.3.2. 0.76 1.09 0.94 1.13 0.98 1.02 0.7 0.58 0.91 0.92 0.77
B.3.3. 22703.72 | 36862.4 | 11312.75 39941.83 | 439.6 33276 10647.44 | 9918.38 | 29.64 30.87 9294.32

FIGURE 7. Active faults on the generic ground acceleration hazard
map [73].

FIGURE 8. Earthquakes between 1000 AD and 2014 on the generic
ground acceleration hazard map [73].

in Elaz1g, changed the city’s approach to building quality.
Until the early 2000s, aggregates were used without classi-
fication or washing in concrete production, and concrete was
produced onsite rather than using ready-mixed concrete. The
foundation of the first ready-mixed concrete plant in Elaz1g
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FIGURE 9. Flow diagram of calculating criteria values from EFEHR Maps.

was laid in 1999. Building inspections were not conducted
from 1965 when construction started until the 2000s. After
the 1990s, many buildings in NHs were demolished, and
multistory reinforced concrete frame buildings were con-
structed in their place, typically around 2030 years old. Newly
established NHs also featured multistory reinforced concrete
frame structures. Buildings with similar structural systems
and quality were generally constructed within the same or
nearby NHs.

A significant portion of Tiirkiye’s population is located on
or near active faults that have the potential to produce major
earthquakes. Active Faults of Elazig are given in Figure 5.
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TABLE 11. DoM and IDoM matrices of alternative district Sivric.

Central Sivrice Kovancilar alu Karakogan

Maden Baskil Keban Aricak Alacakaya
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According to the information obtained from the AFAD and
Bogazici University Kandilli Observatory and Earthquake
Research Institute, approximately 94 thousand people lost
their lives as a result of 88 devastating earthquakes that
occurred between 1900 and 2021. The January 24 Sivrice and
October 30 KusadasiBay Sasam Island earthquakes, which
last occurred in 2020, were recorded as the two deadliest
earthquakes in the world for that year, and as a result of
these earthquakes, 158 of citizens lost their lives and there
was a significant amount of financial loss [67]. The most
important tectonic element threatening the Elazig province
is the Eastern Anatolian Fault System (EAF), and many
devastating earthquakes have occurred on this fault system in
the historical and instrumental period. The only earthquake
that caused a surface rupture on the EAF in the last cen-
tury was the Bingol (M 6.8) earthquake of 22 May 1971
[67]. Apart from this, the 8 March 2010 Okcular (Elaz1g)
M 6.1), 1 May 2003 Bingol (M 6.4), 27 June 1998 Adana
M 6.2) and 5 May 1986 Malatya (M 6.0) earthquakes.
There are many devastating earthquakes on the EAF in
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FIGURE 10. The rank of Elazig’s districts according to earthquake
vulnerability.

historical earthquake records. 995 Palu Sivrice (VI), 1114
Ceyhan Antakya, Marag (IX), 1268 Kozan Ceyhan and
its region (IX), 1737 Antakya (VII), 1789 Palu Elaz1g
(VIID), 1855 Ceyhan Adana (VI), 1872 AntakyaSamandag
(IX), 1874 MadenElaz1g, Diyarbakir (VIII), 1875 Karliova
Bingol, Palu Elazig (VIII), 1889 Palu Elazig (VI) are
some of the important earthquakes in historical earthquake
records [68].
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TABLE 12. Criteria weights.

CRITERIA WEIGHT COST/BENEFIT
A.ll. 0,0330 BENEFIT
A.l1.2. 0,0660 BENEFIT
A.13. 0,0660 COST
A2.1.1. 0,1251 COST
A2.1.2. 0,1251 BENEFIT
A22.1. 0,0337 COST
A222. 0,0337 BENEFIT
A223. 0,0674 BENEFIT
B.1.1. 0,0551 BENEFIT
B.1.2. 0,0473 BENEFIT
B.1.3. 0,0315 BENEFIT
B.1.4. 0,0158 BENEFIT
B.1.5. 0,0079 BENEFIT
B.2.1. 0,0551 BENEFIT
B.2.2. 0,0473 BENEFIT
B.2.3. 0,0315 BENEFIT
B.2.4. 0,0158 BENEFIT
B.2.5. 0,0079 BENEFIT
B.3.1. 0,0540 BENEFIT
B.3.2. 0,0270 BENEFIT
B.3.3. 0,0540 BENEFIT

In this study, we assess Elazig Earthquake vulnerability
according to the GIS-based framework as given in Figure 6.
This framework consists of three main steps. These stages
are 1-Construct Decision Hierarchy, 2-Construct Decision
Matrix, and 3-Obtain Rankings. These stages are detailed
below.

STAGE 1: Construct Decision Hierarchy:

V. ELAZIG GIS-BASED EARTHQUAKE VULNERABILITY
ASSESSMENT DECISION HIERARCHY

Evaluation of earthquake vulnerability requires the collab-
oration of experts from different disciplines and a compre-
hensive analysis of the literature. Experts from engineering,
geography, and other fields can help make these assess-
ments more comprehensive and scientifically based. To carry
out these evaluations effectively, it is important to adopt
MCDM methods and an integrated approach. Addition-
ally, interdisciplinary collaboration and MCDM problem
classification can contribute to the successful conduct of
such studies [69]. During this study, experts from diverse
disciplines played a crucial role in shaping the decision
hierarchy. The collaborative effort included professionals
specializing in earthquake engineering, geospatial analysis,
and disaster management. Earthquake engineering experts
provided key insights into technical aspects such as structural
integrity, building attributes, and infrastructure consider-
ations. Geospatial analysis experts contributed to spatial
analysis, incorporating geographic information for enhanced
accuracy. This interdisciplinary collaboration contributed to
the comprehensive and scientifically grounded nature of our
earthquake vulnerability assessments. Literature review and
expert opinions were considered in constructing the decision
hierarchy and matrix.
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FIGURE 11. The rank of Elazig’s NHs according to earthquake
vulnerability.

Several research studies have investigated the definition
of distinct indicator categories in the context of seismic
resilience and earthquake vulnerability. Bruneau et al. [70]
have proposed a framework for quantitatively assess-
ing seismic resilience, which involves four interconnected
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TABLE 13. WDoM and WIDoM matrices of alternative district Sivrice.

Central Sivrice Kovancilar | Palu Karakogan | Maden Baskil Keban Aricak Alacakaya | Agin
A.LL 0 0 0 0 0 0 0.033 0.033 0 0.033 0.033
A2, 0 0 0 0 0.066 0.066 0.066 0 0 0 0
A.13. 0.066 0 0.066 0.066 0.066 0 0 0.066 0.066 0 0.066
A211._ | 0125 0 0.125 0 0.125 0 0 0 0 0 0
A2.12. | 0.125 0 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125 0.125
A22.1. | 0.034 0 0.034 0.034 0.034 0.034 0.034 0 0 0 0.034
A222. |0 0 0 0 0.034 0 0 0 0 0 0
A223. | 0.067 0 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067 0.067
B.11. 0 0 0 0 0.055 0.055 0.055 0.055 0.055 0.055 0.055
B.1.2. 0 0 0 0 0.047 0.047 0.047 0.047 0.047 0.047 0.047
B.1.3. 0 0 0 0 0.032 0.032 0.032 0.032 0.032 0.032 0.032
B.14. 0 0 0 0 0.016 0.016 0.016 0.016 0.016 0.016 0.016
B.1.5. 0.008 0 0.008 0 0.008 0.008 0.008 0.008 0.008 0.008 0.008
B.2.1. 0 0 0 0 0.055 0 0 0.055 0.055 0.055 0.055
B.2.2. 0 0 0 0 0.047 0 0 0.047 0.047 0.047 0.047
B.2.3. 0 0 0 0 0.032 0 0 0.032 0.032 0.032 0.032
B.2.4. 0 0 0 0 0.016 0 0 0.016 0.016 0.016 0.016
B.2.5. 0.008 0 0.008 0 0.008 0.008 0.008 0.008 0.008 0 0.008
B3.1. 0.054 0 0.054 0 0.054 0.054 0.054 0.054 0.054 0.054 0.054
B.3.2. 0.027 0 0.027 0 0.027 0.027 0.027 0.027 0.027 0.027 0.027
B.33. 0.054 0 0.054 0 0.054 0.054 0.054 0.054 0.054 0.054 0.054
Central Sivrice Kovancilar Palu Karakogan Maden Baskil Keban Aricak Alacakaya Agin
A.LL 0.033 0 0.033 0.033 | 0.033 0.033 0 0 0.033 0 0
A2, 0.066 0 0.066 0.066 [ 0 0 0 0.066 0.066 0.066 0.066
A.L3. 0 0 0 0 0 0.066 0.066 0 0 0.066 0
A211. |0 0 0 0125 |0 0.125 0.125 0.125 0.125 0.125 0.125
A212. |0 0 0 0 0 0 0 0 0 0 0
A221. |0 0 0 0 0 0 0 0.034 0.034 0.034 0
A222. | 0.034 0 0.034 0034 [0 0.034 0.034 0.034 0.034 0.034 0.034
A223. |0 0 0 0 0 0 0 0 0 0 0
B.11. 0.055 0 0.055 0055 |0 0 0 0 0 0 0
B.1.2. 0.047 0 0.047 0047 [0 0 0 0 0 0 0
B.1.3. 0.032 0 0.032 0032 |0 0 0 0 0 0 0
B.14. 0.016 0 0.016 0016 | 0 0 0 0 0 0 0
B.15. 0 0 0 0.008 | 0 0 0 0 0 0 0
B.2.1. 0.055 0 0.055 0055 | 0 0.055 0.055 0 0 0 0
B.2.2. 0.047 0 0.047 0047 [0 0.047 0.047 0 0 0 0
B.2.3. 0.032 0 0.032 0032 [0 0.032 0.032 0 0 0 0
B.2.4. 0.016 0 0.016 0016 | 0 0.016 0.016 0 0 0 0
B.2.5. 0 0 0 0008 [0 0 0 0 0 0.008 0
B3.1. 0 0 0 0054 |0 0 0 0 0 0 0
B.3.2. 0 0 0 0027 |0 0 0 0 0 0 0
B.3.3. 0 0 0 0054 |0 0 0 0 0 0 0
dimensions of community resilience, encompassing techni- TABLE 14. DBDM results of districts.
cal, organizational, social, and economic aspects. Likewise,
Davidson and Shah [71] have emphasized that vulnerabil- TDoM | TIDoM | SDoM | RANK
. . el s . Central 0.371 0.538 0.592 4
ity factors are not isolated but exhibit interactions, over- ——
laps, and contradictions among different indicator classes Sivrice 0.318 0.591 0.651 !
Ps, nong - ihdieat SES- Kovanailar | 0401 | 0.508 | 0.559 |5
Ruiter et al. [75] have classified vulnerability indicators into Palu 0333 0576 0.634 2
two primary categories, mirroring many flood and earthquake Karakocan | 0.549 | 036 0396 |9
vulnerability assessments: physical indicators (including Maden 0.351 0.558 0.613 3
infrastructure, building attributes, and environmental factors) Baskil 0.478 0.431 0.474 6
and social indicators (comprising demographics, awareness, Keban 0.552 | 0.357 0393 |10
socioeconomics, and institutional aspects). While prior stud- Aricak 0.487 | 0.423 0.465 |7
ies typically encompassed around 30 criteria, Ozmen [32]’s Alf‘cakaya 0.505 | 0.404 0444 |8
study has considered 67 criteria. The integration of GIS Agin 0.655 | 0.254 0279 |11

and MCDM methods represents a valuable approach with
broad applications across various fields. It equips decision-
makers with the means to make well-informed, geospa-
tially aware choices. Examples in the literature include
Nyimbili et al. [34] for earthquake risk, Kumlu and Tiides
[35] in Yalova, and Jena et al. [36] for susceptibility. Milad
Moradi et al. [38] used GIS for seismic vulnerability, while
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Delavar et al. [39] focused on hospital safety. This integrated
approach enhances decision-making across applications.

In this study, Elazig all districts and its’ central dis-
trict NHs” were ranked according to 21 criteria, including
two main criteria given in Table 9. Decision hierarchy and
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TABLE 15. DBDM results of NHs.

TDoM | TIDoM | SDoM | RANK
NH-1 0,527 0,444 0,457 | 23
NH-2 0,349 0,462 0,569 13
NH-3 0,307 0,546 0,640 | 5
NH-4 0,678 0,292 0,301 33
NH-5 0,444 0,405 0,478 | 28
NH-6 0,398 0,455 0,534 | 20
NH-7 0,525 0,290 0,356 18
NH-8 0,619 0,351 0,362 | 30
NH-9 0,626 0,261 0,294 | 34
NH-10 | 0,260 0,555 0,681 2
NH-11 | 0,325 0,528 0,619 |3
NH-12 | 0,309 0,544 0,637 | 8
NH-13 | 0,433 0,392 0,475 6
NH-14 | 0,497 0,356 0417 | 21
NH-15 | 0,419 0,398 0,487 | 24
NH-16 | 0,349 0,500 0,589 19
NH-17 | 0,585 0,268 0,314 10
NH-18 | 0,317 0,536 0,628 | 32
NH-19 | 0,357 0,502 0,584 | 7
NH-20 | 0,500 0,358 0,417 11
NH-21 | 0,393 0,460 0,539 | 25
NH-22 | 0,293 0,522 0,640 17
NH-23 | 0,623 0,342 0355 | 4
NH-24 | 0,455 0,398 0,467 | 31
NH-25 | 0,363 0,451 0,554 | 22
NH-26 | 0,259 0,599 0,698 1
NH-27 | 0,623 0,348 0,358 | 29
NH-28 | 0,368 0,450 0,550 15
NH-29 | 0,391 0,478 0,550 16
NH-30 | 0,605 0,360 0,374 | 27
NH-31 | 0,347 0,467 0,574 12
NH-32 | 0,604 0,366 0,377 | 26
NH-33 | 0,328 0,525 0,616 | 9
NH-34 | 0,275 0,543 0,664 14

GIS-based Earthquake Vulnerability Assessment are given
below.
STAGE 2. Construct Decision Matrix:

VI. ELAZIG GIS-BASED EARTHQUAKE VULNERABILITY
ASSESSMENT DECISION MATRIX

In Elaz1g, TURKIYE GIS-based earthquake vulnerability
assessment decision hierarchy, there are 2 main and a total
of 21 sub-criteria.

A. A: BUILDINGS

A: Buildings’ main criteria values were obtained from two
resources. One of them was the Republic of Tiirkiye Minis-
ter of Environment, Urbanization and Climate Change. The
other was the 24 January 2020 MW 6.8 Sivrice earthquake
Elazig region structural damages investigation and evaluation
report prepared by Firat University Construction and Con-
crete Application Research Center [63].

B. B:GIS-BASED RISK AND HAZARD
B: GIS-based risk and hazard main criteria values were

obtained from European Seismic Hazard Model maps and
AFAD [19], [72].

19820

The European Facilities for Earthquake Hazard and Risk
(EFEHR) is a nonprofit network of organizations and com-
munity resources that aims to advance earthquake hazard and
risk assessment in the Euro-Mediterranean region [73]. It pro-
motes good practice and the exchange of knowledge within
the research community. Integrates with the engineering com-
munity to ensure a seamless transition from hazard to risk
(exposure, vulnerability). It enables national and local hazard
and risk assessment by providing access to the software and
expertise required for contemporary hazard and risk assess-
ment. It provides open access to state-of-the-art, reliable, and
reproducible data, models, and information on earthquake
hazard and risk, harmonized across Europe. Bogazi¢i Univer-
sity and Kandilli Observatory from Tiirkiye are also present
in the general assembly of the EFEHR Consortium.

The 2020 update of the European Seismic Hazard Model
ESHM?20: Model Overview report published by the EFEHR
Consortium in 2021 includes the 2020 update of the European
Seismic Hazard Model. The 2020 European Seismic Hazard
Model (ESHM20) is an update of the earthquake hazard
assessment of the Euro Mediterranean region. ESHM?20 fol-
lows the same principles as ESHM13, with state-of-the-art
procedures applied homogeneously for the entire European
region without country border issues. The model is built
on recently compiled data sets (i.e., earthquake catalogs,
active faults, ground shaking records), information (tectonic
and geological), and models (seismogenic sources, ground
shaking).

While obtaining criteria values from EFEHR several image
processing steps were implemented. In literature, there are
many GIS-based decision-making approaches. The steps are
detailed below.

Hazard maps for specific types of density measurements
(PGA, spectrum acceleration with 5% damping in dominant
periods in the range of 0.05 seconds to 5 seconds) and five
mean return periods (i.e., 50, 475, 975, 2500, and 5000 years)
are available on the scientific website EFEHR.

C. B. 1. FAULT

Active fault model compiled for ESHM20. Active faults are
included in the Generic ground acceleration hazard map in
Figure 7. From this map, 5 criteria expressing the active fault
density within the radius of 0.5km, 0.1km, 0.2km, 0.4km,
and Skm of the coordinates of each damaged building were
calculated by following the image processing steps in the flow
diagram given in Figure 9.

D. B. 2. EARTHQUAKES

Between AD 1000 and 2014: ESHM?20 European Earthquake
Catalogue. Figure 8 shows earthquakes between 1000 AD and
2014 on the Generic ground acceleration hazard map. From
this map, 8 attributes expressing the earthquake intensity
within the radius of 5km, 10km, 20km, 25km, 40km, 50km,
100km, and 200km of the coordinates of each damaged build-
ing were calculated by following the image processing steps
in the flow diagram given in Figure 9.
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TABLE 16. Decision matrix of ELAZIG's central district NHs.

NH-1__|[NH2 |NH-3 _|NH4 |NH5 |NH-6 |NH7 |NH8 |NH9 [NH-10 |NH-11 |NH-12 |NH-13 |NH-14 |NH-15 | NH-16 |NH-17
ALl [545 5.99 1,74 5,68 731 0,87 227 12,05 3,76 141 340 145 2,09 6,98 4,99 6,37 1,67
Ad2. 353 5,65 1.85 4,13 4,88 5,08 2,10 3,05 3,54 1,65 3,13 1,70 1,94 6,39 5,61 5,53 144
A.L3. [ 199248 | 1991,00 | 1990,16 | 1994,41 | 1995,10 | 1991,00 | 1990,85 | 1994,33 | 1994,44 | 1989,99 | 1989,61 | 1988,59 | 1991,15 | 1996,17 | 1988,54 | 1991,65 | 1991,00
A2.1.1. | 0,54 0,87 0,25 0,95 0,87 0,73 0,68 0,97 0,96 0,24 0,40 0,27 0,39 0,89 0,94 0,92 0,18
A2.1.2.] 046 0,13 0,75 0,05 0,13 0,27 0,32 0,03 0,04 0,76 0,60 0,73 0,61 0,11 0,06 0,08 0,82
A22.1.]033 043 0,04 0.88 0,66 0,28 0,62 0,92 0,30 0,06 0,26 0,18 0,33 0,83 0,34 0,35 0,08
A.22.2.]0,20 0,39 0,17 0,06 0,16 0,67 0,07 0,04 0,65 0,17 0,14 0,10 0,04 0,03 0,58 0,54 0,09
A.223.]048 0.18 0,79 0,06 0,18 0,05 0,31 0,04 0,05 0,76 0,61 0,72 0,63 0,14 0,08 0,11 0,83
B.IL1._| 1,00 1,00 0,48 1,00 0,95 0,50 0,60 1,00 0,10 1,00 1,00 0,19 1,00 1,00 0,44 1,00 0,04
B.1.2. | 1,00 1,00 048 1,00 0,95 0,50 0,60 1,00 0,10 1,00 1,00 0,19 1,00 1,00 0,44 1,00 0,04
B.13. |2.99 3,00 1,79 3,00 2,85 2.33 145 3,00 036 3,00 3,00 0,56 3,00 3,00 2,03 3,00 0,20
B.14. | 8,98 9,00 5,66 8,99 8,55 7,75 3,82 9,00 0,94 9,00 9,00 1,46 8,99 9,00 7,75 8,60 0,48
B.15. |0.17 0,00 0,00 0,13 1,06 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
B.2.I._| 1,00 1,00 1,00 1,00 0,98 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
B.2.2. | 1,00 1,00 1,00 1,00 0,98 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00
B.23. | 3,00 3,00 3,00 3,00 2,94 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00
B.24. |8.99 9,00 9.00 8.99 3,80 9,00 9,00 9,00 9,00 9,00 9,00 9,00 9,00 3,99 9,00 9,00 9,00
B.2.5. |517.39 | 59355 | 587,87 | 53248 |57532 | 59400 | 598,73 | 59697 | 600,69 |601,13 |597.02 |57891 |584,80 |431,59 |594.03 |594,05 |598.16
B3.I._ | 0,38 0,39 0,40 0,39 0,38 0,39 0,40 0,37 0,39 0,37 0,38 0,42 0,39 0,38 0,39 0,38 0,41
B3.2. |0.71 0,72 0,74 0,72 0,71 0,72 0,74 0,69 0.73 0,70 0,71 0,77 0,73 0,71 0,72 0,71 0,75
B.33. | 19632,90 | 811,53 | 21376,25 | 21201,12 | 21164,56 | 205747 | 22329,64 | 21376,72 | 22324,78 | 21258,67 | 21526,73 | 21392,30 | 21720,96 | 21423,79 | 21045,83 | 20979,98 | 12273 41
NH-18 | NH-19 | NH-20 | NH-21 | NH-22 |NH-23 | NH-24 | NH-25_ | NH-26 | NH-27 | NH-28 | NH-29 | NH-30 | NH-31 | NH-32_ | NH-33__| NH-34

ALL_[5.11 1,63 6,09 5,67 5,83 4,71 6,32 5,53 1,78 2,66 521 5,72 3,92 7,04 4,59 2,46 4,13
Ad2. 434 1,90 4,61 443 5.29 3.90 5,08 4,74 1,82 3,12 4,59 4,07 3,12 5,12 3,60 2,53 1.24
AL3. [ 199281 | 198935 | 199255 | 199143 | 1990,89 | 199093 | 1990,82 | 1989,53 | 1989.21 | 1989,61 | 1989,95 | 1992.99 | 199350 | 1992,33 | 199143 | 1991,65 | 1971,88
A2.1.1.] 0,93 0,27 0,79 0,96 0,87 0,67 0,96 0,91 0,22 0,94 0,88 0,63 0,58 0,79 0,85 0,21 0,90
A2.1.2.[0,07 0,73 0,21 0,04 0,13 0,33 0,04 0,09 0,78 0,06 0,12 0,37 042 0,21 0,15 0,79 0,10
A22.1.]0,54 0,09 0,03 0,12 0,26 0,30 0,11 0,16 0,03 0,33 0,26 0,35 0,26 0,26 0,58 0,13 0,04
A222.]045 0.18 0,70 0.82 042 0,27 0,37 0,81 0,22 0,39 0,69 0,22 0,33 0,54 0,28 0,33 035
A.22.3.]0,01 0,73 0,27 0,06 0,33 0,43 0,51 0,03 0,75 0,28 0,05 0,44 0,40 0,19 0,14 0,54 0,61
B.1.1. | 0.00 0,04 0,96 0,70 0,99 1,00 0,86 0,80 0,50 0,40 1,00 1,00 0,12 1,00 1,00 0,81 1,00
B.1.2. | 0,00 0,04 0,96 0,70 0,99 1,00 0,86 0,80 0,50 0,40 1,00 1,00 0,12 1,00 1,00 0,81 1,00
B.1.3. |0.55 0,13 2,38 2,07 2,97 3,00 230 142 143 0,74 3,00 3,00 0,57 3,00 2,99 2.24 3,00
B.14. |253 0,77 8,64 4,85 8,92 9,00 7,15 5,25 4,13 2,85 7,04 9,00 1,78 9,00 8,98 6,55 9,00
B.L5._| 0,00 0,00 1,32 0,40 0,00 0,00 0,00 0,00 0,60 3,12 0,00 0,01 0,00 0,00 0,05 0,00 0,00
B.2.1. | 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 0,94 1,00 1,00 1,00 1,00
B.22. | 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 1,00 0,94 1,00 1,00 1,00 1,00
B.2.3. | 3.00 3,00 3,00 3,00 3,00 3,00 3,00 3,00 3,00 2,99 3,00 3,00 2,87 3,00 2,99 3,00 3,00
B.24. |9,00 9,00 9,00 9,00 9,00 9,00 8,99 9,00 9,00 3,08 9,00 9,00 8,68 9,00 8,98 9,00 9,00
B.25. | 599.61 | 596,79 | 59353 | 59512 |594,03 |593,82 | 594,18 |59348 | 60050 |595,99 59335 |582.08 | 601,86 | 59530 | 59649 |599.11 | 602,68
B3.1. | 039 0,40 0,39 0,39 0,39 0,39 0,38 0,39 0,40 0,40 0,39 0,39 0,39 0,38 0,38 0,38 0,37
B3.2. |0.72 0,75 0,72 0,73 0,72 0,72 0,72 0.73 0.74 0,74 0,73 0,72 0,72 0,71 0,71 0,71 0,69
B.3.3. | 2119426 | 2248921 | 2123820 | 21256,07 | 20589,78 | 2127540 | 20577,38 | 20535,75 | 21443,54 | 21379,64 | 19222.,48 | 20455,51 | 21106,81 | 20076,96 | 20667,82 | 21716,27 | 22333,54

6 steps are followed when calculating B.1. Fault and B.2.
Earthquake criteria values from EFEHR Maps. The steps in
the flow diagram were repeated.

Step 1: Obtaining the relevant map image from the EFEHR
web service

Step 2: Obtaining an image of the area including Tiirkiye
and its immediate surroundings from the image. The coor-
dinate information of the four corners of the images was
obtained in this step.

Step 3: Converting Color Image to Gray Image: Images are
obtained in color from most devices. While some algorithms
can work on color images, some images need to be converted
to Gray images. The first thing to do before counting is to
convert the color image into a black-and-white image [74].
Gray images are images that show the intensity of light. These
images are stored in 8-bit format on the computer. This means
that each pixel is stored with 8 bits of binary code. It takes val-
ues between 0255. 0 will indicate black color, while 255 will
indicate white color. However, the color with a value of
128 will be an intermediate color that is a mixture of black
and white. Gray image is a color between 0 and 255, that is,
between black and white. Color images consist of mixtures of
red, green, and blue colors in varying proportions. Red, green,
or blue ratios (wavelengths) vary depending on the medium
represented by these colored images. The wavelength of the
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blue color is longer in a sea image, the wavelength of the
green color is longer in a forest image, and the wavelength
of the red color is longer in a fire image [74].

Step 4: Calculating the number of pixels corresponding
to a latitude/longitude: By proportioning the pixel numbers
between the coordinates specified in the previous step, the
number of pixels corresponding to each latitude and each
longitude was calculated. This information will be used to
calculate the radius in the following steps.

Steps 5 and 6 are repeated for each building and each radius
of 0.5km, 0.1km, 0.2km, 0.4km, and S5km.

Step 5: Obtaining images of each building and each radius.
The relevant image is obtained by using the pixel numbers
calculated in Step 4.

Step 6: Calculating density from the images: The sum of
the values in each pixel in the image obtained in the previous
step is calculated. These calculated values will also constitute
the attribute value.

E. B. 3. GROUND ACCELERATION AND VELOCITY

According to the Earthquake Hazard Map, the earthquake
ground motion parameter values of a place can be accessed
on a coordinated basis with the Tiirkiye Earthquake Hazard
Maps Interactive Web Application. PGA values were cal-
culated based on the site’s coordinates and considered for
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TABLE 17. DoM and IDoM matrices of alternative NH-3: AKSARA.
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return periods of 475 and 2475 years. PGV values are also

available in the Tiirkiye Earthquake Hazard Maps, tailored to

the construction site’s coordinates and the selected recurrence

interval, particularly for a return period of 475 years.
STAGE 3. Obtain Rankings With DBDM:

VII. ELAZIG DISTRICTS AND ITS’ CENTRAL DISTRICT NHs
RANKING FOR EARTHQUAKE VULNERABILITY
ASSESSMENT

DBDM method presents several advantages when assess-
ing earthquake vulnerability in Elaz1g, Tiirkiye, compared
to other MCDM methods. DBDM is known for its sim-
plicity and transparency in decision-making processes. This
can be advantageous in earthquake vulnerability assessments,
especially in complex urban environments like Elazig. The
straightforward nature of DBDM allows for a clear under-
standing of the decision-making criteria, aiding in effective
communication and interpretation of the results.

19822

One notable advantage of DBDM is its immunity to
the rank reversal phenomenon. In earthquake vulnerability
assessments, where the importance of criteria might change
based on the context or expert opinions, the immunity to
rank reversal ensures that sudden changes in the relative
importance of criteria do not significantly impact the results.

DBDM, when integrated with GIS, offers a powerful tool
for earthquake vulnerability assessment. The combination
of DBDM'’s decision-making capabilities with GIS’s spa-
tial data management allows for a comprehensive analysis
considering factors such as building conditions, population
density, accessibility, and other geographic elements. This
integration enhances the accuracy and reliability of the vul-
nerability assessment.

DBDM provides an objective approach to decision-making
by combining expert judgments with mathematical founda-
tions. In earthquake vulnerability assessments, where input
from experts and stakeholders is crucial, DBDM allows for
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TABLE 18. WDoM and WIDoM matrices of alternative NH-3: AKSARAY.

NHs 1 2 3 4 5 6 7 3 9 10 11 12 13 14 15 16 17

AL, | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,033 | 0,000 | 0,000 | 0,000 | 0,033 | 0,000 | 0,033 | 0,000 | 0,000 | 0,000 | 0,000 | 0,033
A..2. | 0,000 [ 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,066 | 0,000 | 0,066 | 0,000 | 0,000 | 0,000 | 0,000 | 0,066
A.13. 0,066 | 0,066 | 0,000 | 0,066 | 0,066 | 0,066 | 0,066 | 0,066 | 0,066 | 0,000 | 0,000 | 0,000 | 0,066 | 0,066 | 0,000 | 0,066 | 0,066
A2.1.1. | 0,125 | 0,125 | 0,000 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,000 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,000
A.2.1.2. | 0,125 | 0,125 | 0,000 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,000 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,000
A2.2.1. | 0,034 | 0,034 | 0,000 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034
A.2.2.2. | 0,000 | 0,000 | 0,000 | 0,034 | 0,034 | 0,000 | 0,034 | 0,034 | 0,000 | 0,000 | 0,034 | 0,034 | 0,034 | 0,034 | 0,000 | 0,000 | 0,034
A.2.2.3. | 0,067 | 0,067 | 0,000 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,000
B.I.1._| 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,055 | 0,000 | 0,000 | 0,055 | 0,000 | 0,000 | 0,055 | 0,000 | 0,055
B.1.2. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,047 | 0,000 | 0,000 | 0,047 | 0,000 | 0,000 | 0,047 | 0,000 | 0,047
B.1.3. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,032 | 0,000 | 0,032 | 0,000 | 0,000 | 0,032 | 0,000 | 0,000 | 0,000 | 0,000 | 0,032
B.1.4. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,016 | 0,000 | 0,016 | 0,000 | 0,000 | 0,016 | 0,000 | 0,000 | 0,000 | 0,000 | 0,016
B.1.5. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.2.1. | 0,055 | 0,000 | 0,000 | 0,055 | 0,055 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.2.2. | 0,047 | 0,000 | 0,000 | 0,047 | 0,047 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.2.3. | 0,032 | 0,000 | 0,000 | 0,032 | 0,032 | 0,000 | 0,000 | 0,000 | 0,032 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.2.4. | 0,016 | 0,000 | 0,000 | 0,016 | 0,016 | 0,000 | 0,000 | 0,000 | 0,016 | 0,000 | 0,000 | 0,000 | 0,000 | 0,016 | 0,000 | 0,000 | 0,000
B.2.5. | 0,008 | 0,000 | 0,000 | 0,008 | 0,008 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,008 | 0,008 | 0,008 | 0,000 | 0,000 | 0,000
B.3.1. | 0,054 | 0,054 | 0,000 | 0,054 | 0,054 | 0,054 | 0,000 | 0,054 | 0,054 | 0,054 | 0,054 | 0,000 | 0,054 | 0,054 | 0,054 | 0,054 | 0,000
B.3.2. | 0,027 | 0,027 | 0,000 | 0,027 | 0,027 | 0,027 | 0,000 | 0,027 | 0,027 | 0,027 | 0,027 | 0,000 | 0,027 | 0,027 | 0,027 | 0,027 | 0,000
B.3.3. | 0,054 | 0,054 | 0,000 | 0,054 | 0,054 | 0,054 | 0,000 | 0,000 | 0,000 | 0,054 | 0,000 | 0,000 | 0,000 | 0,000 | 0,054 | 0,054 | 0,054
NHs 18 19 20 21 22 23 24 25 26 27 28 29 30 |31 32 33 34

AL, | 0,000 | 0,033 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
A..2. | 0,000 [ 0,000 [ 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,066 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,066
A.13. | 0,066 | 0,000 | 0,066 | 0,066 | 0,066 | 0,066 | 0,066 | 0,000 | 0,000 | 0,000 | 0,000 | 0,066 | 0,066 | 0,066 | 0,066 | 0,066 | 0,000
A2.1.1. | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,000 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,000 | 0,125
A.2.1.2. | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,000 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,125 | 0,000 | 0,125
A2.2.1. | 0,034 | 0,034 | 0,000 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,000 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,000
A.2.2.2. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
A.2.2.3. | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067 | 0,067
B.1.1._| 0,055 | 0,055 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,055 | 0,000 | 0,000 | 0,055 | 0,000 | 0,000 | 0,000 | 0,000
B.1.2. | 0,047 | 0,047 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,047 | 0,000 | 0,000 | 0,047 | 0,000 | 0,000 | 0,000 | 0,000
B.1.3. | 0,032 | 0,032 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,032 | 0,032 | 0,032 | 0,000 | 0,000 | 0,032 | 0,000 | 0,000 | 0,000 | 0,000
B.14. | 0,016 | 0,016 | 0,000 | 0,016 | 0,000 | 0,000 | 0,000 | 0,016 | 0,016 | 0,016 | 0,000 | 0,000 | 0,016 | 0,000 | 0,000 | 0,000 | 0,000
B.L.5. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.2.1. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,055 | 0,000 | 0,000 | 0,055 | 0,000 | 0,000 | 0,055 | 0,000 | 0,055 | 0,000 | 0,000
B.2.2. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,047 | 0,000 | 0,000 | 0,047 | 0,000 | 0,000 | 0,047 | 0,000 | 0,047 | 0,000 | 0,000
B.2.3. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,032 | 0,000 | 0,000 | 0,032 | 0,000 | 0,000 | 0,032 | 0,000 | 0,032 | 0,000 | 0,000
B.2.4. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,016 | 0,000 | 0,000 | 0,016 | 0,000 | 0,016 | 0,016 | 0,000 | 0,016 | 0,000 | 0,000
B.2.5. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,008 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.3.1. | 0,054 | 0,000 | 0,054 | 0,054 | 0,054 | 0,054 | 0,054 | 0,054 | 0,000 | 0,000 | 0,054 | 0,054 | 0,054 | 0,054 | 0,054 | 0,054 | 0,054
B.3.2. | 0,027 | 0,000 | 0,027 | 0,027 | 0,027 | 0,027 | 0,027 | 0,027 | 0,000 | 0,000 | 0,027 | 0,027 | 0,027 | 0,027 | 0,027 | 0,027 | 0,027
B.3.3. | 0,054 | 0,000 | 0,054 | 0,054 | 0,054 | 0,054 | 0,054 | 0,054 | 0,000 | 0,000 | 0,054 | 0,054 | 0,054 | 0,054 | 0,054 | 0,000 | 0,000
NHs 1 2 3 4 5 6 7 3 9 10 11 12 13 14 15 16 17

Add. | 0,033 [ 0,033 [ 0,000 | 0,033 | 0,033 | 0,000 | 0,033 | 0,033 | 0,033 | 0,000 | 0,033 | 0,000 | 0,033 | 0,033 | 0,033 | 0,033 | 0,000
A.1.2. 0,066 | 0,066 | 0,000 | 0,066 | 0,066 | 0,066 | 0,066 | 0,066 | 0,066 | 0,000 | 0,066 | 0,000 | 0,066 | 0,066 | 0,066 | 0,066 | 0,000
A.13. 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,066 | 0,066 | 0,066 | 0,000 | 0,000 | 0,066 | 0,000 | 0,000
A.2.1.1. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,125 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,125
'A.2.1.2. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,125 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,125
A.2.2.1. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
A.2.2.2. | 0,034 | 0,034 | 0,000 | 0,000 | 0,000 | 0,034 | 0,000 | 0,000 | 0,034 | 0,034 | 0,000 | 0,000 | 0,000 | 0,000 | 0,034 | 0,034 | 0,000
A.2.2.3. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,067
B.I.1._| 0,055 | 0,055 | 0,000 | 0,055 | 0,055 | 0,055 | 0,055 | 0,055 | 0,000 | 0,055 | 0,055 | 0,000 | 0,055 | 0,055 | 0,000 | 0,055 | 0,000
B.1.2. | 0,047 | 0,047 | 0,000 | 0,047 | 0,047 | 0,047 | 0,047 | 0,047 | 0,000 | 0,047 | 0,047 | 0,000 | 0,047 | 0,047 | 0,000 | 0,047 | 0,000
B.1.3. | 0,032 | 0,032 | 0,000 | 0,032 | 0,032 | 0,032 | 0,000 | 0,032 | 0,000 | 0,032 | 0,032 | 0,000 | 0,032 | 0,032 | 0,032 | 0,032 | 0,000
B.1.4. | 0,016 | 0,016 | 0,000 | 0,016 | 0,016 | 0,016 | 0,000 | 0,016 | 0,000 | 0,016 | 0,016 | 0,000 | 0,016 | 0,016 | 0,016 | 0,016 | 0,000
B.1.5. | 0,008 | 0,000 | 0,000 | 0,008 | 0,008 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.2.1. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.2.2. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.2.3. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.2.4. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.2.5. | 0,000 | 0,008 | 0,000 | 0,000 | 0,000 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,000 | 0,000 | 0,000 | 0,008 | 0,008 | 0,008
B.3.1. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,054 | 0,000 | 0,000 | 0,000 | 0,000 | 0,054 | 0,000 | 0,000 | 0,000 | 0,000 | 0,054
B.3.2. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,027 | 0,000 | 0,000 | 0,000 | 0,000 | 0,027 | 0,000 | 0,000 | 0,000 | 0,000 | 0,027
B.3.3. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,054 | 0,054 | 0,054 | 0,000 | 0,054 | 0,054 | 0,054 | 0,054 | 0,000 | 0,000 | 0,000
NHs 18 19 20 21 22 23 24 25 26 27 28 29 30 |31 32 33 34

Add. | 0,033 [ 0,000 | 0,033 | 0,033 | 0,033 | 0,033 | 0,033 | 0,033 | 0,033 | 0,033 | 0,033 | 0,033 | 0,033 | 0,033 | 0,033 | 0,033 | 0,033
A1.2. | 0,066 | 0,066 | 0,066 | 0,066 | 0,066 | 0,066 | 0,066 | 0,066 | 0,000 | 0,066 | 0,066 | 0,066 | 0,066 | 0,066 | 0,066 | 0,066 | 0,000
A.1.3. | 0,000 | 0,066 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,066 | 0,066 | 0,066 | 0,066 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,066
A.2.1.1. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,125 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,125 | 0,000
A.2.1.2. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,125 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,125 | 0,000
A.2.2.1. | 0,000 | 0,000 | 0,034 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,034 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,034
A.2.2.2. | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034 | 0,034
A.2.2.3. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.I.I._| 0,000 | 0,000 | 0,055 | 0,055 | 0,055 | 0,055 | 0,055 | 0,055 | 0,055 | 0,000 | 0,055 | 0,055 | 0,000 | 0,055 | 0,055 | 0,055 | 0,055
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TABLE 18. (Continued.) WDoM and WIDoM matrices of alternative NH-3: AKSARAY.

B.1.2. 0,000 | 0,000 [ 0,047 [ 0,047 | 0,047 [ 0,047 | 0,047 | 0,047 | 0,047 [ 0,000 | 0,047 | 0,047 | 0,000 | 0,047 | 0,047 | 0,047 | 0,047
B.1.3. | 0,000 | 0,000 | 0,032 | 0,032 | 0,032 | 0,032 | 0,032 | 0,000 | 0,000 | 0,000 | 0,032 | 0,032 | 0,000 | 0,032 | 0,032 | 0,032 | 0,032
B.1.4. | 0,000 | 0,000 | 0,016 | 0,000 | 0,016 | 0,016 | 0,016 | 0,000 | 0,000 | 0,000 | 0,016 | 0,016 | 0,000 | 0,016 | 0,016 | 0,016 | 0,016
B.1.5. | 0,000 | 0,000 | 0,008 | 0,008 | 0,000 | 0,000 | 0,000 | 0,000 | 0,008 | 0,008 | 0,000 | 0,008 | 0,000 | 0,000 | 0,008 | 0,000 | 0,000
B.2.1. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.2.2. | 0,000 | 0,000 [ 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 [ 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.2.3. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.2.4. | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.2.5. | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008 | 0,000 | 0,008 | 0,008 | 0,008 | 0,008 | 0,008
B.3.1. | 0,000 | 0,054 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,054 | 0,054 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.3.2. | 0,000 | 0,027 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,027 | 0,027 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000
B.3.3. | 0,000 | 0,054 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,054 | 0,054 | 0,000 | 0,000 | 0,000 | 0,000 | 0,000 | 0,054 | 0,054

the incorporation of expert opinions in a structured and
objective manner. DBDM is known for producing consistent
and stable results, which is essential in earthquake vulner-
ability assessments where the reliability of the outcomes is
paramount. The stability of results ensures that small varia-
tions in the input criteria or expert opinions do not lead to
significant fluctuations in the vulnerability rankings. DBDM
offers a systematic and structured approach to decision-
making. In earthquake vulnerability assessments for Elazig,
this systematic approach allows for the comprehensive eval-
uation of districts and neighborhoods, considering various
criteria systematically and providing a holistic understanding
of vulnerability.

In summary, the advantages of DBDM, including its
simplicity, rank reversal immunity, integration with GIS,
objectivity, consistency, and systematic approach, make it a
valuable method for earthquake vulnerability assessments in
Elaz1g. Its ability to handle complex decision-making scenar-
ios and provide reliable, transparent results positions DBDM
as a favorable choice for informing disaster preparedness and
risk mitigation strategies in the region.

Now we explain how Elazig’s districts and their’ central
district NHs get ranked when the DBDM method is imple-
mented on the previous section’s given dataset.

Step 1: Construct a Decision Matrix

The ELAZIG districts decision matrix is given in Table 10
and the decision matrix of ELAZIG’s central district NHs is
given in Appendix Table 16.

Decision Matrix = X = [x;]

Step 2: Construct Is Dominated Matrix (IDoM) and Dom-
inated Matrix (DoM)

All alternatives were compared with each other according
to all criteria. In the below, alternative district Sivrice’s DoM
and IDoM matrices are given in Table 11. Besides, alternative
NH-3: AKSARAY’s DoM and IDoM matrices are given in
Appendix Table 17.

Step 3: Construct Weighted Is Dominated Matrix (WIDoM)
and Weighted Dominated Matrix (WDoM)

Criteria weights W = [w;],  are given in Table 12.

All WDoM and WIDoM matrices were calculated accord-
ing to equations (5) and (6). In the below, alternative district
Sivrice’s WDoM and WIDoM matrices are given in Table 13.
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Besides, alternative NH-3: AKSARAY’s WDoM and WIDoM
matrices are given in Appendix Table 18.

Step 4: Calculate the Total Is Dominated and Dominated
Matrix values of each alternative and

Step 5. Calculate the dominance coefficient and rank the
order of alternatives.

Each alternative TDoM and TIDoM values were calculated
according to equations (7) and (8). SDoM and rank the order
of alternatives were calculated according to equation (9).

Elazi18’s district results are given in Table 14 and Elazi8’s
central district NHs results are given in Table 15.

According to the results given in Table 14 and Figure 10,
the most earthquake-vulnerable district is Sivrice.

According to the results given in Table 15 and Figure 11,
the most five earthquake-vulnerable NHs are 26-Sali
Baba, 10-Esentepe, 11- Fevzi Cakmak, 23-Olgunlar And
3- Aksaray.

VIil. CONCLUSION

In this study, a comprehensive assessment of earthquake vul-
nerability in the central district NHs of Elazig, Tiirkiye was
conducted by integrating MCDM methods with GIS. Two
main criteria, namely building conditions and GIS-based risk
and hazard factors were utilized in the assessment.

The newly introduced MCDM method, DBDM was
employed to rank earthquake vulnerability. DBDM is based
on one-to-one comparisons of alternatives and dominance
information. This method allows for a nuanced assessment,
ensuring that an alternative’s superior performance in one
criterion does not overshadow its performance in others.
It provides a balanced evaluation of the alternatives.

The results of the earthquake vulnerability assessment
revealed that several NHs in Elazig, including Sali Baba,
Esentepe, Fevzi Cakmak, Olgunlar, and Aksaray, are among
the most earthquake-vulnerable areas. These findings are
crucial for disaster preparedness and risk mitigation strategies
in the region.

Future research may explore the refinement of the DBDM
method, as well as its application in other fields and regions.
Different extensions of MCDM methods (i.e., fuzzy and
stochastic) can be used to evaluate according to the crite-
ria of the new data to be included in the study (i.e., the
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uncertainty in the data). Additionally, ongoing collaboration
between experts from various disciplines, including engineer-
ing, geography, and social sciences, is vital to continually
improve earthquake vulnerability assessments and disaster
preparedness efforts.

APPENDIX
See Tables 16-18.
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