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Abstract: Disaster is a general term for events that result in physical, economic, and social losses for
people and occur when insufficient resources exist. Natural disasters, particularly earthquakes, are
frequent occurrences worldwide. Although plans are made for both pre-and post-disaster periods,
the painful experience of the recent major earthquake on the Eastern Anatolian Fault Line in Turkey
has highlighted the inadequacy of these plans in terms of feasibility. Preventing future disasters is
possible by implementing a good disaster management plan. Identifying emergency assembly areas
after a disaster is one of the most critical issues in disaster management. This study used four multi-
criteria decision-making techniques—AHP, TOPSIS, COPRAS, and BORDA—to evaluate the selection
and suitability of emergency assembly areas for the Golbas1 district of Ankara, Turkey. The AHP
method was used to weight criteria, which were then applied in various decision-making approaches.
Finally, utilizing the BORDA method, the alternative ranking derived from the AHP, TOPSIS, and
COPRAS procedures was rated as more effective. According to the findings, the Sacrificial Slaughter
Area, Green Area, Sehir Park, Muhsin Yazicioglu Sports Complex, and the Tiirkiye Muhasebeciler
Association (Incek and Tagpinar) are determined the five most effective emergency assembly areas in
the Golbas: district.

Keywords: disaster management; emergency assembly area; AHP; TOPSIS; COPRAS; BORDA

1. Introduction

Disasters are uncontrollable occurrences that profoundly impact human life and result
in numerous material and spiritual losses. The unpredictability of disasters has resulted
in even more significant losses during and after the disaster. Recent earthquakes with
magnitudes of 7.7 and 7.6, centered in Kahramanmaras, Turkey, resulted in substantial loss
of life and property. The quake devastated not only Kahramanmaras but also Gaziantep,
Kilis, Diyarbakir, Adana, Osmaniye, Sanliurfa, Adiyaman, Malatya, and Hatay, killing over
48,000 people, injuring over 100,000 people, and destroying nearly 120,000 buildings.

Disaster management consists of four main stages: harm reduction, preparation,
response, and recovery. The cycle formed by these successive stages, which includes an
inseparable whole, is called the disaster management cycle and its stages are shown in
Figure 1 [1]. These stages interact, and a flaw in one part of the cycle causes the entire
system to fail.

Ankara is generally regarded as a safe location regarding seismicity and earthquake
danger. However, earthquakes in the last century have demonstrated that this is different.
Pampal (2008) claimed that Ankara is surrounded by active fault lines that will cause
destructive earthquakes and is located 80-100 km away from these fault lines [2]. Therefore,
earthquakes of magnitude 6.5 and higher that occur on these faults will be impacted in a
way that will result in loss of life and property. It is situated in between Northern Anatolia
to the north, Salt Lake to the south, Kirikkale-Erbaa to the east, the Eskisehir fault line
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to the southwest, and the Akpmar fault to the southeast. The faults in question have the
potential to cause more magnitude 7 earthquakes, but they are 60-80 km from the city
center. Furthermore, a significant portion of the Ankara city area comprises alluvial and clay
floors, which will amplify the earthquake effect and have the potential to liquefy. Moreover,
because of the mistaken belief that there is no earthquake risk in Ankara, responsible
institutions’” lack of adequate work in this regard is viewed as the primary reason that
increases the earthquake risk [2].

ePre-Disaster eDisaster

Preparation Response

Harm Recover
Reduction Y
*Post-
Disaster

*Pre- and
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Figure 1. Stages of disaster management.

2. Literature Review on Assembly Area Selection in Disaster Management

It is necessary to plan ahead of time where temporary shelters will be established
for disaster victims who have lost their homes following a disaster or whose homes are
unusable [3]. Emergency assembly areas are safe areas where the public can congregate
away from the danger zone to avoid panic and ensure healthy information exchange until
temporary shelter centers are ready following disasters and emergencies. Identifying
these areas in advance and informing people about them ensures that people survive the
cataclysm with minimal damage [4]. The studies determining the assembly areas during or
after a disaster were divided into two categories: studies in the world and studies in Turkey.

2.1. Studies on Emergency Assembly Areas in the World

Dalal et al. (2007) intended to address the cyclone shelter problem in India by dividing
the number of villages into a minimum number of clusters and locating and assessing
shelter capacity. The Elzinga—Hearn method and heuristic methods were used. A distance
matrix was used to create an algorithm, and the Elzinga—-Hearn method was used to
determine the dimensions of the cyclone shelters [5]. Kar and Hodgson (2008) addressed
the problem of identifying temporary shelter areas in the event of a potential disaster
in the United States. In this study, they used a GIS-based model to reduce death rates
and provide emergency services by evacuating people from danger zones and discovered
that 48% of existing shelters were located in physically problematic areas. Shelters in the
northern districts have been recommended as potential emergency shelters due to their high
suitability score [6]. After an earthquake, Chu and Su (2011) emphasized the importance
of emergency assembly areas and established an index system to evaluate emergency
shelters in China. They determined the index weight using an analytical hierarchy process,
assessed shelters in specific areas using a comprehensive fuzzy assessment method, and
ultimately ensured the selection of earthquake emergency shelters [7]. Youssef et al. (2011)
used a GIS-based model to determine temporary shelter areas in Egypt during a disaster.
They presented advanced remote sensing data such as Thematic Mapper Plus and Shuttle
Radar Topography Mission in conjunction with geological, geomorphological, and field
data in a GIS environment to predict flash flood risk in this study. The most vulnerable
factors for flash flooding and critical sensitive areas were discussed. The study’s findings
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suggested appropriate measures to reduce potential hazards in the region [8]. In their
research in Iran to determine temporary shelters in case of possible disasters, Omidvar
et al. (2013) proposed a model for the selection of suitable and systematic locations for
temporary shelters before an earthquake by using a geographic information system based
on earthquake damage assessment and CCV. The TOPSIS, ELECTRE, SAW, and AHP
methods were used in this study. The benefit of using MADM concurrently is that it
increases the likelihood of obtaining the best results in different ways. TOPSIS was the
best approach for selecting temporary shelter areas, with the lowest RSS error [9]. Wex
et al. (2014) used a variety of heuristics, including a Monte Carlo-based heuristic and the
GRASP meta-heuristic, to effectively allocate and program rescue units to reduce casualties
and economic losses during the natural disaster response phase in Germany [10]. Roh
et al. (2015) identified a problem in identifying shelter areas for humanitarian organizations
in the United Kingdom. They determined the relative importance of individual criteria
using the Analytical Hierarchy Process. The Fuzzy-TOPSIS method was used to obtain
the final sequence of positions in which linguistic values address decision uncertainty
and subjectivity [11]. Junian and Azizifar (2018) used an analytical hierarchy process as
a multi-criteria decision-making method to determine temporary shelter areas after an
earthquake in a disaster-prone region of northern Iran. This research was divided into
three stages: selecting shelter candidates using a geographic information system, analyzing
the spatial scope of the shelters, and determining shelter locations. Finally, they used a
case study to demonstrate the utility of the multi-criteria model and its associated solution
method in planning urban earthquake evacuation shelters [12].

2.2. Studies on Emergency Assembly Areas in Turkey

Erden and Coskun (2010) identified the criteria that can be used to determine the
new locations of fire stations, calculated the weights for each criterion using the Analytical
Hierarchy Process (AHP), and performed the most appropriate location analysis in the
geographic information systems (GIS) environment based on the criterion weights [13]. In
his study, Unal (2011) aimed to create a decision support system that ensures the optimal
placement of logistical elements, the shortest route between the earthquake zone and the
facilities to be opened, as well as timely distribution channels where they are needed, in
the emergency logistic aid operation after the possible Istanbul earthquake. An EXCEL-
based decision support system was developed; AHP used the Floyd algorithm in model
management. This KDS model makes recommendations to those who will implement the
program and those who will conduct research and scientific studies on the subject [14].
Maral et al. (2015) prioritized assembly areas (sheltered areas) and tent city areas in their
studies, and they carried out studies for the province of Izmir, particularly after the Mar-
mara earthquake in 1999 [15]. Sahin (2017) used the fuzzy multi-criteria decision-making
methods TOPSIS and VIKOR to determine the appropriate criteria for determining the
locations of the shelter areas to be established to meet the temporary accommodation needs
of victims of a possible disaster in Istanbul. Following the studies, the evaluation criteria
for selecting temporary housing areas were determined to be transportation, settlement
status, infrastructure, area, and environment [16]. Celik et al. (2017) also established the
criteria to determine the appropriate collection areas within the framework of the variables
determined. In general, demographic characteristics and spatial size, transportation and
accessibility status, infrastructure characteristics, topographic and geological qualities, soil
capability, lithological qualities, meteorological and climatic qualities, and environmental
risk status were examined to determine the assembly areas as a result of the research [17].
Cimnar and Akgiin (2018) attempted to examine the national and international criteria used
in the determination of emergency assembly and temporary shelter areas after disasters
in this article using samples from the Karstyaka district of Izmir [18]. Hazirc1 and Sahin
(2019) sought to identify the temporary settlement areas that would be used in the event
of an earthquake in Burdur and the neighborhoods that would be assigned to these areas.
Using the Analytical Hierarchy Process, they first determined the suitability values of
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alternative settlement areas based on various criteria. The Analytical Hierarchy Process
conformity values were used as the decision variable coefficients in the p-median model.
The analysis with the GAMS program determined the neighborhoods to be assigned to
each field [19]. Sayar (2018) used the Analytical Hierarchy Process, one of the multi-criteria
decision-making methods, to determine the tent city location planned for the Surug district
of Sanlurfa on a parcel-by-parcel basis, taking into account various risk factors [20]. Gerdan
and Sen (2020) aimed to contribute to disaster risk management and response planning
by employing decision-making methodologies after examining the emergency meeting
areas determined in the Kocaeli/Basiskele district following international standards. They
classified existing assembly areas according to international criteria in the first stage. The
conformity values of these areas according to the criteria were determined in the second
stage using the Analytical Hierarchy Process (AHP) method. The main criterion was “as-
sembly area capacity”. As a result of these evaluations, it was determined that the existing
emergency meeting areas of Kocaeli province’s Basiskele district were appropriate. How-
ever, because the urban settlement was expected to increase over time, it was suggested
that new assembly areas be created [21]. Using decision-making methodologies, Gokgoz
et al. (2020) evaluated the characteristics of emergency assembly areas. The evaluation
concluded that the characteristics of the required emergency assembly areas were more
important than the geological features [22]. The Fuzzy TOPSIS method, which is one of the
most used MCDM approaches, was used to determine the selection of temporary living
spaces after a possible disaster in Ankara in the study of Omiirgoniilsen and Menten (2021).
The analysis was carried out based on expert opinions. Ten criteria were determined as
“accessibility, social facilities, health services, area capacity, soil type, land slope, security,
infrastructure, climate and vegetation, property” [3]. Ekin and Sarikaya (2021) attempted to
identify the most suitable emergency assembly areas in nearby neighborhoods that could
serve disaster victims in Kiitahya. By determining the necessary criteria, multi-criteria
decision-making (MCDM) techniques were used to rank the most suitable alternatives
among many alternatives [23]. Asikkutlu et al. (2021) analyzed the emergency assem-
bly areas established in Burdur’s city center following the earthquake. They determined
that, while these areas appeared to be sufficient in the city center, they were insufficient
according to neighborhood scale standards [24]. Dayanur et al. (2022) used the Delphi
method to compile, group, and grade the criteria for the location, planning, and design of
temporary shelters after the disaster since the proposed post-disaster temporary shelter
areas for the province of Izmir were not evaluated according to national and international
legislation [25]. Yavuz et al. (2022) calculated earthquake-induced tsunami wave heights
and relative social risk levels for critical regions on Turkey’s Eastern Mediterranean coast,
including settlements, agricultural areas, ports, and airports. The findings of this study will
serve as a scientific resource for local governments and public institutions in determining
how to protect against a possible earthquake-induced tsunami [26].

When studies in the literature are examined, it is clear that the emphasis is on natural
disasters rather than technological disasters and the preparation and intervention stages
as disaster management stages in general. Many methods, such as geographic informa-
tion system-based models, decision support systems, and multi-criteria decision-making
methods, were used in studies on the location selection of emergency assembly areas.

The primary goal of studies on emergency assembly areas is to locate these areas
as close to the population as possible and to find a location where disaster victims can
congregate. There are numerous criteria to consider when determining the best site for
emergency assembly areas. When the studies in the literature were examined, it was
discovered that these criteria differed depending on the physical conditions of the study
area and the expert comments. Table 1 summarizes the literature’s criteria for determining
emergency assembly areas.
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Table 1. Criteria used to determine emergency assembly areas.

Authors Criteria Authors Criteria
Infrastructure
Population density Environmental safety
Kar and Hodgson (2007) [6] Eg%?lﬁgats(’zrilgﬂzays Ekin and Sarikaya (2021) [23] %frfslsgi
Farmland Field type
Distance
Transport
Sahin (2017) [16] Status of settlements Accessibility

Area and environment

Omdirgiilsen and Menten

Social opportunities
Health service

Fiehghiing enters @) b Type ot
Junian and Azizifar (2018) [12] ~Lopulation ratio The slope of the land

E/e[lélé’;cl;rlleci ters Climate and vegetation

Road accessibility Ownership

Slope

Distance to highways Field type

Sayar et al. (2019) [20]

Distance from the town center
Distance to the Syrian border
Distance to stream beds
Distance to a tent city facility
Distance to transformer
facility

Distance from protected areas

Asikkutlu et al. (2021) [24]

Duration of stay of the
disaster victims

Space requirement
Area per person
Necessary facilities

Gokgoz et al. (2020) [27]

Field features
Geological features
Transportation and
accessibility

Gerdan and Sen (2021) [21]

Population ratio

Proximity to road networks
Local infrastructure
Farmland

It is well known that multi-criteria decision-making methods are frequently preferred

and used in many studies when there are conflicting criteria, uncertain situations, and
deciding between alternatives. The standards affecting the subject of interest are determined
and ranked in order of importance using expert opinions and subjective evaluations of
decision-makers in the multi-criteria decision-making method. Among the alternatives,
appropriate choices are made based on the weight of the criteria. Multi-criteria decision-
making techniques were used in the study’s methodology.

3. Multi-Criteria Decision-Making Methods
3.1. Analytical Hierarchy Process (AHP)

The Analytical Hierarchy Process is a mathematical theory for measurement and
decision-making developed in the mid-1970s by Thomas L. Saaty of the University of
Pennsylvania [28]. Over the last 20 years, AHP has been widely studied in the literature
and used in almost all multi-criteria decision-making applications [29]. The AHP method’s
application steps are as follows:

3.1.1. Step 1: Problem Definition and Hierarchy Structure Creation

A decision hierarchy is built from the top down to decide. There are criteria at the
intermediate level and alternatives at the lowest level [30]. Figure 2 shows the decision
hierarchy structure.
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Goal

Criteria 2

Criteria 1 Criteria 3

Criteria 4

N

Alternative 1

Alternative 2 Alternative 3

Figure 2. Decision hierarchy (three levels) [31].

3.1.2. Step 2: Determination of Pairwise Comparison Matrices (A) and Importance

Following the determination of the purpose, criteria, and sub-criteria, the pairwise
comparison matrix (nxn) shown in the first expression is created to determine the impor-
tance levels of the standards and sub-criteria among themselves [32]. The decision-maker
compares the criteria or alternatives in pairs for the criteria matrix or the alternative matrix.
Figure 3 depicts the criteria—comparison matrix.

Criteria — Comparison Matrices

K, | . TK

-- n

KJ.Z

K

in

1

K

2Zn

K

nl

K

n2

Figure 3. Criteria—comparison matrices.

The values in the standard preference table are used to determine the levels of impor-
tance. Table 2 contains the standard preference table.

Table 2. Standard preference table.

Intensity of Importance Definition
1 Equal importance
3 Moderate importance
5 Strong importance
7 Very strong or demonstrated importance
9 Extreme importance

2,4,6,8 For compromise between the above values

3.1.3. Step 3: Determination of the Eigenvector (Relative Importance Vector)

Following the creation of the pairwise comparison matrices, the eigenvector is calcu-
lated, indicating each element’s importance in the respective matrix concerning the other
elements. The matrix’s eigenvector at dimension nx1 is calculated as Equation (1).

The vectors of the column W = [w;], ; must be calculated to determine the percent
importance distributions of the criteria. The arithmetic mean of the row elements of the
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matrix formed by the b;; values specified in the preceding equation yields the W column

vector.
i=123...,nandj =1,2,3, ..., n;
):]n=1bij (1)

n

as
bj = = — Wi =
1 n - 1
] izt aj

3.1.4. Step 4: Calculating the Consistency of the Eigenvector

The consistency ratio (CR) is calculated for each pairwise comparison matrix, and the
upper limit for this ratio is 0.10. A ratio greater than 0.10 indicates an inconsistency in
the decision-makers’ judgments. In this instance, judgments must be improved. First, the
largest eigenvector (Amax) of the A matrix should be computed to determine the CR value.

i=123 ...,nandj =1,23, ..., 0y

D = [aij]nxn X [Wi]nxl = [di]nxl )
n 4
_Laiw
max — — g

Another value needed to calculate the consistency ratio is the randomness index (RI).
The data containing the RI values, which consist of constant numbers and are determined
according to the n value, are given in Table 3. In line with this information, the CR value is
given in Equation (3).

A—n
R=——~+——
R=moDx @)
Table 3. Random Index (RI).
n 1 3 4 5 6 7 8 9 10
RI 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

3.1.5. Step 5: Obtaining the General Result of the Hierarchical Structure

The four preceding stages are computed for the entire hierarchical structure. The
mx1 size priority column vectors generated by each of the n criteria in the hierarchical
structure are combined at this point to form the mxn size DW decision matrix. The R result
is obtained by multiplying the matrix with the inter-criterion W priority vector.

i=123 ...,nandj =123, ..., n;
DW = [wy] 4
R=DW x W

3.2. Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)

The TOPSIS method was developed by Hwang and Yoon (1981) based on the concept
of the solution alternative as the shortest distance to the positive ideal solution and the
longest distance to the negative ideal solution [33]. The TOPSIS method involves the
following steps:

3.2.1. Step 1: Goals and Evaluation Criteria Definition

Assume the problem has m alternatives, and each alternative Ay, ..., Ay, is evaluated
using n decision criteria/attributes, denoted by Cy, ..., C,. Values or ratings are assigned
to each alternative for each standard and organized into a decision matrix. This enables a
systematic evaluation and comparison of other options based on multiple criteria to aid
decision-making.

3.2.2. Step 2: Creation of the Decision Matrix (D)

The decision matrix is constructed by listing the alternatives (A1, ..., An) in a vertical
column, followed by the features or evaluations (y, . . ., y,,i) for each criterion in horizontal
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rows. This enables a clear and organized representation of each alternative’s evaluation
across all requirements, making it easier to compare and make a final decision.

Yu 0 Yk
D=|: - )

Ya1 7 Yok

3.2.3. Step 3: Creation of the Normalized Decision Matrix (R)

The matrix is normalized by taking the square root of the sum of the squares of the
scores or features associated with the decision matrix’s criteria. The following equation is
used for normalization, and the “R” matrix is obtained at the end of the process.

rij:%i =1,2,3 ...,nandj =1,2,3, ..., k;

i=1Yij
r DY r

11 1k (6)
R = . .

'nm1 -+ TInk

3.2.4. Step 4: Creation of the Weighted Normalized Decision Matrix (V)

3y

Weight measure “j” is represented by Wj;. The weighted normalized decision matrix
is determined using Equation (7).

Vij = Wij* T
Vir o Vik @
V=] o
Vnl *°° Vnk

3.2.5. Step 5: Determine the Positive and Negative Ideal Solutions

The positive ideal solution consists of the best performance values of the weighted
normalized decision matrix, while the negative ideal solution consists of the worst values.
Positive and negative ideal solutions are calculated using Equation (8). In both formulas, I
represents the benefit (maximization) and ] represents the cost (minimization).

A* = { (maxvij j €I}, (minvy]j € ]) }
1 1
AT = { (minvij i €], | maxvylj € ]) }

3.2.6. Step 6: Calculation of Special Measures (Distance of Alternatives from the Positive
Ideal and Negative Ideal Solutions)

®)

The distance from the positive ideal solution (S}) and the negative ideal solution (S;”)
for each alternative according to the given criteria is determined using Equation (9).

n 2
Si = ]; (Vij — V]- )
- 5 )
S = ) (Vi' — V. )
i 51 ] j
3.2.7. Step 7: Calculating the Relative Proximity to the Ideal Solution
The relative proximity to the ideal solution (Cj) is calculated using Equation (10).
C i 0<C <1 (10)

TS ts ==
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The alternatives are sorted by proximity to the ideal solution (C;) values. The maxi-
mum C;" value is chosen.

3.3. Complex Proportional Assessment (COPRAS)

The COPRAS method, which means “Complex Proportional Evaluation,” can evaluate
qualitative and quantitative criteria. It has been used in many areas for ranking and
considering options, considering the minimization and maximization aspects of the criteria.
The most crucial difference between the COPRAS method and other MCDM methods is
that the options compare and reveal how good or bad they are compared to other options
as a percentage.

The COPRAS method’s process steps are as follows:

3.3.1. Step 1: Creation of the Decision Matrix

Equation (11) depicts the formulation of the decision matrix.

X110 Xim
X=1:1 - : (11)

Xnl *°° Xnm

xij represents the value of the j. option based on the i. criteria. n represents the number
of options to compare, and m represents the number of criteria.

3.3.2. Step 2: Creation of the Normalized Decision Matrix

Equation (12) is used to normalize the decision matrix. The weights of the criteria are
indicated by q;. In the COPRAS method, there is no application for determining criterion
weights. The practitioner can assess criterion weights using AHP or a simple scoring
technique.

dij=ni i=1,23 .. mandj =123 .., n

L . (12)
qi:ijldij,l =123 ..., mandj =1,2,3, ..., n;

The sum of the weighted dj; values for each criterion x; equals the g;, the relevant
criterion’s weight value. This is depicted in Equation (12).

3.3.3. Step 3: Summation of Weighted Indexes

The lower the S+ value calculated using minimization-oriented criteria, the higher
the goal achievement. Similarly, the higher the S,; value calculated using maximization-
oriented criteria, the more likely it is to reach the goal.

m m
S+j:'2id+ij;sfj:.zld,ij,’i:1, ...,mandjzl, oo, (13)
i= i=

3.3.4. Step 4: Calculating the Relative Importance of the Options

Qj, showing the relative importance of the options compared, is calculated by Equation (14).
Qj is arranged in ascending order. The higher the Qj, the greater its relative importance.

S—min Z]n:1 s—j

Q] - S+] + S . n S7min 4
-] L4=1 S*]

i=1,...,n; (14)

3.3.5. Step 5: Determining the Degree of Utility of Options

Equation (15) determines the degree of utility of the options. The option with the
highest utility rating is the best. Other options are ranked from best to worst.
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N; = < Q?njax) % 100% (15)

3.4. Borda Count (BORDA)

Numerous studies in the literature use more than one CCVP technique concurrently.
These studies aim to obtain comparable results using various ranking methods. Determin-
ing the best alternative using multiple methods is viewed as an effectiveness criterion. The
Borda Count method combines sequences from multiple such classifiers to produce a single
series [34]. This method, which assigns equal importance to each class for classification
performance, is also quite simple in applicability [35]. From the m alternatives in the
class under consideration, a decreasing value is assigned to the one in the best situation
(m-1) and the one in the second-best case (m-2) and scoring is performed to obtain the
worst alternative (0) value. Finally, the values assigned to the alternatives in all classes are
collected, and the Borda score is calculated and used to rank the alternatives.

4. Application: Ankara/Golbas1 Example
4.1. Problem Definition

Emergency assembly areas allow people to communicate with their relatives while
remaining safe, accessible, and protected. Identifying and informing people about these
areas in advance ensures they can escape the disaster with minimal damage [23]. The
first 12-24 h following a disaster are critical regarding access to safe assembly areas for
disaster-affected people, access to information provided by local authorities, and avoiding
potential disruptions [15].

There is a lot of complexity during and immediately after a disaster. With the disaster’s
fear and excitement, it is impossible to make the right decision. As a result, people should
be aware of the predetermined emergency assembly areas, where they can ensure the safety
of themselves and their immediate surroundings and where they can be in contact at any
time, before the disaster. These areas are the first step toward transitioning to temporary
shelters where people can live for a limited time. Determining the emergency assembly
areas ahead of time ensures that life goes on and that there are fewer casualties. When
the social and psychological conditions of the people after the disaster are considered, it is
discovered that the choice of emergency assembly area is very important for both children
and adults and thus the assembly areas should be determined very carefully.

Turkey’s most recent major earthquake demonstrates the importance of being fully
prepared for future earthquakes. Examining the literature reveals that a study has yet to
be conducted to determine the emergency assembly areas in Ankara. In the event of an
earthquake in Ankara, studies conducted in the preparation and damage reduction phases
before the disaster and the intervention and rescue phases after the disaster will be critical
in reducing the disaster’s effects. In this context, it is necessary to identify the disaster
victims’ emergency assembly areas before and after the disaster.

The study determined the most appropriate emergency assembly areas to be present
in the Goélbas: district, which was chosen as the pilot region of Ankara Province. The
following are the study’s steps:

1.  Determination of the main criteria and sub-criteria for the selection of emergency
assembly areas: the main criteria and sub-criteria to be used in the study were
determined by combining the examinations made in the region, literature research,
and expert opinions.

2. Using the AHP (Analytic Hierarchy Process) method, one of the multi-criteria decision-
making techniques, to determine the importance levels of the main and sub-criteria:
the weights of the main criteria and sub-criteria were determined using the AHP
method. AFAD provided the necessary expert opinion to evaluate the main criteria
and sub-criteria. With the data obtained, the solution was created using the AHP
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method. The importance levels of the main and sub-criteria were determined as a
result of the solution.

3. Selecting between alternatives using the AHP, TOPSIS (Technique for Order Preference
by Similarity to Ideal Solution), and COPRAS (Complex Proportional Assessment)
methods: the AHP, TOPSIS, and COPRAS methods were used to generate a list of
alternatives.

4. Implementing the BORDA (Borda Count) method: creating a single row by combining
alternative rankings from the AHP, TOPSIS, and COPRAS methods with the BORDA
method.

Regarding this topic, AFAD provided data on the locations that could be used as
assembly areas for the Golbasi district. These locations were evaluated using the criteria.
Google Maps, TUIK, and GSM Access Centers provided the data needed for the evaluation.
The most appropriate area was determined based on these data. Table 4 shows the coor-
dinates and addresses of the existing assembly areas in the Goélbas: district. In addition,
photographs of emergency assembly areas are shown in Appendix A.

Table 4. Golbas1 district emergency assembly areas.

No Emergency Assembly Area Coordinates Addresses
1 Adem Bilhan Uysal Primary 39704156 32855380  Eymir Neighborhood. S Lake St
School Garden ymir Neighborhood. Sapanca Lake St.
2 Ahi Evran Park 39798380 32801117  Karstyaka Neighborhood. Inénti St.
3 Alparslan Tiirkes Park 39785421 32806662  Bahgelievler Neighborhood. 319-322 St.
4 Atattirk Sahil Park 39788834 32802977  Gaziosman Pasa Neighborhood. Atatiirk Coastal Path.
5 Bahgeli Park 39787001 32816451  Bahgelievler Neighborhood. 296. St.
6 Bekir Goneng Park 39793286 32812886  Seymenler Neighborhood. 918-924. St.
7 Cemil Yildirim School 39800621 32808942  Safak Neighborhood. Inénii St.
8 Cemre Park 39797232 32797589  Karsiyaka Neighborhood. Haymana Yolu Blvd. 776. St.
9 Fethi Duruay Park 39785900 32812439  Bahgelievler Neighborhood. 281-89. St.
10 Kizilcasar Market Area 39828109 32738551  Kizilcasar Neighborhood. Turgut Ozel Blvd.
11 Mevlana Park 39788990 32810667  Bahgelievler Neighborhood. 285. St.
12 Mogan Park 39788905 32784323  Karsiyaka Neighborhood., Haymana Yolu Blvd. 776. St.
13 gﬁ&:"mloglu Sport 39801627 32806247  Safak Neighborhood. Ankara St.
14 Osmanli Park 39800286 32804616  Gaziosman Pasa Neighborhood. Ankara St. Nu: 14
15 Yunus Emre Park 39804414 32802574  Karsiyaka Neighborhood. Sehit Ali Gaffar Okan St.
16 Safak Park 39797043 32809844  Safak Neighborhood. 843. St.
17 Sehir Park 39794351 32819478  Eymir Neighborhood. Sehit Selami Atabey St.
18 Selale Park 39806194 32803130  Karstyaka Neighborhood. 806. St.
Ttirkiye Muhasebeciler
19 Association (Incek and 39818294 32714630  Incek Neighborhood. 2669. St.
Tasgpinar)
20 Green Area 39793210 32846747  Eymir Neighborhood. Manyas Lake St.
21 Zuibeyde Hanim High School 39795161 32809185  Safak Neighborhood.Karanfil St.
22 Sacrificial Slaughter Area 39413757 32485873  Ogulbey Neighborhood. Nu:563/B

4.2. Criteria and Sub-Criteria

For the selection of emergency assembly areas, four main criteria and fourteen sub-

criteria were determined based on expert opinions, regional characteristics, and studies in
the literature. The main criteria were coverage area, environmental safety, field size, and
field features. Sub-criteria were determined and classified among themselves based on the
main criteria. Table 5 lists the criteria that were selected.
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Table 5. Criteria and sub-criteria.

Criteria Sub-Criteria
Accessibility
Coverage area Population density

Expansion possibility

Geological hazards
Environmental safety Road condition
Distance from hazardous areas

Appropriate size

Capacity

The slope of the land
Water provision

Proximity to road networks
Distance to medical centers
Sourcing of materials

Field type

Field size

Field features

4.2.1. Coverage Area

Coverage area refers to the area affected by a zone. The coverage area criteria are
critical in determining emergency assembly areas because these areas must be close to
areas free of disaster risk to ensure the evacuation of disaster victims to a safe location.
Accessibility, population density, and the possibility of expansion are among the sub-criteria
used in determining the coverage area.

1. Accessibility: The distance between the building areas and the emergency assembly
areas should be at a level that is easily accessible to each individual. The distance
between the relevant assembly area and the building units was considered in the
evaluation.

2. Population Density: Population density is the number of people living in a given unit
area. It was calculated by considering the density of people living around the relevant
assembly area and estimating how many people would be evacuated to these areas.
The arithmetic population density was calculated in this study.

3. Expansion Possibility: The population density within a given area determines as-
sembly areas. Given the growing population, expanding the relevant assembly areas
should be considered.

4.2.2. Environmental Safety

Emergency assembly areas are safe areas that are not at risk of disaster and are away
from the dangers that may arise from the environment that people must reach as soon
as possible during and after a disaster. As a result, environmental safety is critical in
determining emergency assembly areas. Its sub-criteria include geological hazards, road
conditions, and distance to hazardous areas.

1.  Geological Hazards: Many disaster victims temporarily continue their lives in emer-
gency assembly areas. As a result, these areas should not be vulnerable to disasters
such as landslides and floods, and earthquake aftershocks should not harm them.

2. Road Condition: Regarding people’s safety, if we accept that the disaster victims
sheltering in the emergency assembly areas are pedestrians, there should be no
highways, boulevards, or wide and heavy-traffic streets surrounding these areas.

3. Distance from Hazardous Areas: To allow disaster victims to live healthy lives, emer-
gency assembly areas should be located away from polluting industrial factories,
petrol stations, power stations that emit radiation, etc.
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4.2.3. Field Size

The locations designated as emergency assembly areas should be chosen based on the
area size and capacity to provide adequate living conditions for those evacuated to this
area. It has two sub-criteria: suitable size and power.

1.  Appropriate Size: In the assembly area, there is a necessary area for disaster victims
to sustain their lives. This area should have a dimension that allows them to meet
their personal needs as well as their social activities. The usable area designated as
the emergency assembly area must be adequate for the calculated capacity.

2. Capacity: The maximum number of people who can settle in the designated assem-
bly area is referred to as the capacity. The minimum living space of the people is
considered when determining capacity.

4.2.4. Field Features

Temporary shelters must be suitable for temporary living conditions in emergency
assembly areas. The slope of the land, water provision, proximity to road networks, distance
to medical centers, sourcing of local materials, and field type are its sub-criteria.

1. The Slope of the Land: The low slope of the area to be established in temporary shelter
areas is critical for providing ease of accommodation and settlement, such as tents
and awnings.

2. Water Provision: Water access is expected to be necessary for human livelihood
conditions. As a result, areas with natural water resources should be prioritized.

3. Proximity to Road Networks: Because debris will likely spread to the streets after the
earthquake, proximity to main streets is important for transportation.

4. Distance to Medical Facilities: The proximity of medical facilities is an essential
criterion for quick and easy intervention in emergencies.

5. Sourcing of Materials: Such supplies are expected to be simple to obtain to maintain
access to food and necessities. The structures where such needs can be met must be
close to emergency assembly areas.

6. Field Type: In general, emergency assembly areas are open areas such as parks,
gardens, green areas, school gardens, and marketplaces. Priority should be given to
public lands.

4.3. Solution of Problem

When the studies conducted in the literature are examined, it is seen that the number
of studies to determine the location selection of emergency assembly areas has increased
in recent years, indicating that this issue has received attention. Most location selection
problems were solved using geographical information system-based models in the past,
but in recent years, multi-criteria decision-making methods have been used. Using multi-
criteria decision-making methods, emergency assembly areas for the Golbas: district of
Ankara province were determined within the framework of the literature and expert
opinions examined in this study.

The studies using multi-criteria decision-making methods on various subjects were
thoroughly examined, and AHP, TOPSIS, COPRAS, and BORDA Counting methods were
considered appropriate. Because of their simplicity of use and the need for precise evalua-
tion, more than one multi-criteria decision-making method was used.

The Analytic Hierarchy Process (AHP) method’s main advantage is its ability to solve
multi-criteria decision-making (MCDM) problems. The AHP method is a multicriteria
decision method based on a ratio scale that can be used to analyze best decisions based
on structured techniques. It is a powerful and precise decision-making tool that can be
useful in decision-making [32,36]. The AHP method can be applied to a variety of fields,
including transportation planning, waste management, renewable energy systems, supplier
selection, finance investment strategies, and job evaluation [37-40]. The AHP method is
useful when evaluating alternatives with multiple criteria and when selecting the best
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alternative among all feasible alternatives is difficult. The AHP method can lead to more
accurate and dependable decision-making processes [36].

The main advantage of the COPRAS method is that it can be used to evaluate both
maximum values and minimizing criteria [41]. The COPRAS method is a decision-making
analytical tool for multi-criteria problems [42]. The COPRAS method has been used for
decision-making in a variety of fields, including wind farm construction, material selection,
supplier selection, and site selection [43-46]. The COPRAS method can be used to analyze
various alternatives and estimate them based on their utility level, with the values of the
attributes expressed in intervals to increase efficiency and accuracy in the decision-making
process [47]. When evaluating alternatives with multiple criteria is difficult, the COPRAS
method is useful for selecting the best alternative among all feasible alternatives [48]. The
COPRAS method can be combined with other methods, such as the Analytic Hierarchy
Process (AHP), to improve COPRAS evaluation performance [41,49]. As a result, the
COPRAS method can be justified for use in decision-making processes involving multiple
criteria and the evaluation of maximum and minimum values.

The TOPSIS method’s main advantage is its ability to provide a simple and easy-to-
understand mathematical form for measuring the performance of decision alternatives [50].
TOPSIS is a multi-criteria decision-making (MCDM) method that ranks the benefits and
drawbacks of an evaluation object based on the Euclidean distance between the evaluation
object and idealized goals [51,52]. The TOPSIS method has low requirements for the
number of indicators and sample size, making it easier to obtain the best solution through
rigorous quantitative analysis [50,53]. The TOPSIS method is widely used in a wide range
of decision-making evaluations and evaluations, including supplier selection, employee
recruitment, material selection, and academic journal evaluation [50,52,54,55]. The TOPSIS
method can also be used to find alternative solutions [56]. As a result, the TOPSIS method’s
use in decision-making processes involving multiple criteria and requiring a simple and
easy-to-understand mathematical form to measure the performance of decision alternatives
can be justified.

The BORDA Counting method has the main advantage of being a fair and simple
method for aggregating individual preferences into a group preference. The BORDA
Counting method is a voting system that assigns points to each candidate based on their
rank in each voter’s preference list, with the winner being the candidate with the highest
total score [57]. The BORDA Counting method is widely used in a variety of applications,
including electoral systems, wine quality ranking, and waste management [57-59]. This
method can also be used to reduce the amount of manipulation in group decisions [60].
Because it uses all of the information provided by each voter, the BORDA Counting method
is mathematically superior to other methods such as the Cordorcet method [58]. As a result,
the Borda Counting method can be justified for use in decision-making processes requiring
a fair and simple method for aggregating individual preferences into a group preference.

4.3.1. Analytic Hierarchy Process (AHP)

The four main criteria determined by applying the AHP method steps were scored
using Saaty’s 1-9 scale. Experts were asked to compare and score the criteria based on
the information provided. Table 6 shows the decision matrix, and Table 7 shows the
importance of the main criteria in the order of importance. Table 8 shows the eigenvalue
and consistency analysis of the main criteria comparison matrix.

Table 6. Main criteria pairwise comparison matrix.

Main Criteria 1 2 3 4
1 1 2 1 5
2 0.5 1 2 7
3 1 0.5 1 7
4 0.2 0.14 0.14 1
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Table 7. Main criteria’s importance.

Main Criteria Ratio Order of Importance
1 Coverage area 35.9% 1
2 Environmental safety 32.6% 2
3 Field size 26.7% 3
4 Field features 4.8% 4

Table 8. Eigenvalue and consistency analysis of the main criteria comparison matrix.

Eigenvalue Consistency (CR)
4.230 8.4%

For example, a comparison matrix was created for field features’ criteria and is given
in Table 9.

Table 9. Field Features’ Criteria Comparison Matrix.

1 2 3 4 5 6
1 1 3 0.33 0.33 3 7
2 0.33 1 0.2 0.33 3 9
3 3 5 1 0.5 4 7
4 3 3 2 1 7 9
5 0.33 0.33 0.25 0.14 1 3
6 0.14 0.11 0.14 0.11 0.33 1

Decision matrices were created in the same way for all sub-criteria, and the eigenvalues
and consistency analysis of the relevant matrices are given in Table 10.

Table 10. Main criteria’s importance.

Main Criteria Eigenvalue Consistency (CR)
1 Coverage area 3.009 1.0%
2 Environmental safety 3.065 6.8%
3 Field size 2 0.0%
4 Field features 6.491 7.8%

The values found through the comparison matrix between the sub-criteria were multi-
plied by the importance levels of the criteria to generate the final weighted values shown
in Table 11.

Table 11. Main criteria’s importance.

Criteria Sub-Criteria Eigenvalue Importance
Accessibility 0.5400 0.1939
Coverage area Population density 0.2970 0.1066
Expansion possibility 0.1630 0.0585
Geological hazards 0.7310 0.2383
Environmental safety  Road condition 0.1880 0.0613
Distance from hazardous areas 0.0810 0.0264
. . Appropriate size 0.5000 0.1335
Field size Capacity 0.5000 0.1335
The slope of the land 0.1600 0.0077
Water provision 0.1110 0.0053
Field feat Proximity to road networks 0.2910 0.0140
1eld teatures Distance to medical centers 0.3612 0.0173
Sourcing of materials 0.0524 0.0025
Field type 0.0244 0.0012

Total 1.0000
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Likewise, a comparison matrix of all alternatives was made, and their importance
levels are given in Table 12. In Table 13, the final alternative ranking is obtained by
multiplying the importance levels of the alternatives and the weighted sub-criteria.

Table 12. Alternatives’ importance.

Coverage Area Environmental Safety Field Size Field Features

Sc-1 Sc-2 Sc-3 Sc-4 Sc-5 Sc-6 Sc-7 Sc-8 Sc-9 Sc-10 Sc-11 Sc-12 Sc-13 Sc-14
Alt-1  0.0608 0.0074 0.1286 0.0816  0.1193  0.0655 0.0282  0.0224 0.0645 0.0600 0.0456 0.0143  0.0291  0.0060
Alt-2  0.0920 0.0074 0.0143 0.0233 0.0321 0.0365 0.0105 0.0135 0.0645 0.0067 0.0723  0.1295 0.0477  0.0614
Alt-3  0.0302 0.0748 0.0143 0.0074 0.0321 0.0217 0.0719 0.0729 0.0061 0.0600 0.0117 0.0920 0.0291 0.0614
Alt-4  0.0152 0.0743 0.0143 0.0074 0.0370 0.0217 0.0969 0.0729  0.0645 0.0600 0.0200 0.0143 0.0812  0.0614
Alt-5  0.0920 0.0285 0.0143 0.0816 0.1144 0.0655 0.0174 0.0135 0.0645 0.0067 0.0723 0.0433 0.0812  0.0614
Alt-6  0.0608 0.0696 0.0143 0.0074 0.0311 0.0655 0.0652 0.0368 0.0058 0.0067 0.0065 0.0433 0.0291  0.0614
Alt-7  0.0110 0.0759 0.0143 0.0816  0.0094 0.0217 0.0174 0.0224 0.0645 0.0600 0.0117 0.0631 0.0141  0.0060
Alt-8  0.0423 0.0406 0.0143 0.0233 0.0370 0.0217 0.0174 0.0224 0.0645 0.0600 0.0723  0.0920 0.0812  0.0614
Alt-9  0.0920 0.0107 0.0143 0.0816 0.1144 0.0655 0.0105 0.0224 0.0157 0.0067 0.0456  0.0304 0.0477 0.0614
Alt-10 0.0152 0.0107 0.1286 0.0816  0.0321  0.0655 0.0174 0.0224 0.0645 0.0067 0.0723  0.0104 0.0477 0.0151
Alt-11  0.0920 0.0223  0.0143 0.0816 0.0321  0.0655 0.0174 0.0224  0.0645 0.0600 0.0723  0.0631 0.0812 0.0614
Alt-12  0.0082 0.0723 0.1286 0.0074 0.0321  0.0365 0.0105 0.0135 0.0645 0.0600 0.0087 0.0104 0.0812 0.0614
Alt-13  0.0082  0.1073  0.0143 0.0074 0.0085 0.0217 0.1446 0.1288 0.0645 0.0600 0.0065 0.0210 0.0141  0.0151
Alt-14  0.0152 0.0375 0.0143 0.0074 0.0085 0.0365 0.0174 0.0224 0.0645 0.0600 0.0723 0.1295 0.0477 0.0614
Alt-15 0.0302 0.0723  0.0143 0.0233 0.0085 0.0141  0.0283  0.0224  0.0157 0.0600 0.0723  0.0210 0.0812  0.0614
Alt-16  0.0920 0.0112 0.0143 0.0816 0.1193  0.0655 0.0105 0.0135 0.0157 0.0067  0.0087 0.0631 0.0477 0.0614
Alt-17  0.0152 0.0771  0.1286 0.0233  0.0321  0.0655 0.0574 0.1689 0.0157 0.0600 0.0723  0.0210 0.0209  0.0614
Alt-18  0.0423 0.0548 0.0143 0.0233 0.0085 0.0141 0.0174 0.0224 0.0157 0.0600 0.0723  0.0143 0.0477 0.0614
Alt-19 0.0217 0.0158 0.1286 0.0816  0.1193  0.0655 0.0415 0.0368 0.0645 0.0600 0.0332  0.0104 0.0072  0.0151
Alt-20 0.0936  0.0107 0.0143  0.0233  0.0321  0.0655 0.1228 0.0893 0.0061  0.0600 0.0723  0.0631  0.0291  0.0614
Alt-21  0.0628 0.0107 0.0143 0.0816 0.0321  0.0335 0.0240 0.0094 0.0645 0.0600 0.0723  0.0433 0.0477  0.0060
Alt-22  0.0071  0.1083 0.1286  0.0816  0.0085  0.0655 0.1556  0.1288  0.0645 0.0600 0.0065 0.0074  0.0059  0.0151

Table 13. Ranking of alternatives by AHP method.

No. Alternative No. Emergency Assembly Area
1 Alt-22 Sacrificial Slaughter Area
2 Alt-20 Green Area
3 Alt-17 Sehir Park
4 Alt-1 Adem Bilhan Uysal Primary School Garden
5 Alt-5 Bahgeli Park
6 Alt-13 Mubhsin Yazicioglu Sport Complex
7 Alt-9 Fethi Duruay Park
8 Alt-19 Tiirkiye Muhasebeciler Association (Incek and Tagpinar)
9 Alt-16 Safak Park
10 Alt-11 Mevlana Park
11 Alt-21 Ziibeyde Hanim High School
12 Alt-10 Kizilcagsar Market Area
13 Alt-4 Atatiirk Sahil Park
14 Alt-3 Alparslan Tiirkes Park
15 Alt-6 Bekir Goneng Park
16 Alt-7 Cemil Yildirim School
17 Alt-2 Ahi Evran Park
18 Alt-8 Cemre Park
19 Alt-15 Yunus Emre Park
20 Alt-18 Selale Park
21 Alt-12 Mogan Park
22 Alt-14 Osmanli Park

According to the solution results of the AHP method in Table 13, the first five places for
meeting areas that can serve the Golbas: district of Ankara are the Sacrificial Area, Green
Area, Sehir Park, Adem Bilhan Uysal Primary School Garden, and Muhsin Yazicioglu
Sports Complex.

4.3.2. Technique for Order Preference by Similarity to Ideal Solution (TOPSIS)

Using the criterion weights determined by AHP, the TOPSIS method steps were
applied, and the alternatives were reordered. The decision matrix for TOPSIS is given in
Table 14, and the normalized decision matrix is shown in Table 15. The decision matrix was
created in line with expert opinion.
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Table 14. Decision matrix.

Coverage Area Environmental Safety Field Size Field Features
Sc-1 Sc-2 Sc-3 Sc-4 Sc-5 Sc-6 Sc-7 Sc-8 Sc-9 Sc-10 Sc-11 Sc-12 Sc-13 Sc-14
0.1939 0.1066 0.0585 0.2383 0.0613 0.0264 0.1335 0.1335 0.0077 0.0053 0.0140 0.0173  0.0025 0.0012

Alt-1 8 1 9 1
Alt-2
Alt-3
Alt-4
Alt-5
Alt-6
Alt-7
Alt-8
Alt-9
Alt-10
Alt-11
Alt-12
Alt-13
Alt-14
Alt-15
Alt-16
Alt-17
Alt-18
Alt-19
Alt-20
Alt-21
Alt-22
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Table 15. Normalized decision matrix.

Coverage Area Environmental Safety Field Size Field Features
Sc-1 Sc-2 Sc-3 Sc-4 Sc-5 Sc-6 Sc-7 Sc-8 Sc-9 Sc-10 Sc-11 Sc-12 Sc-13 Sc-14
0.1939  0.1066 ~ 0.0585  0.2383  0.0613  0.0264 0.1335 0.1335 0.0077 0.0053 0.0140 0.0173  0.0025  0.0012

Alt-1 0.259 0.037 0.402 0.290 0.355 0.235 0.147 0.140 0.253 0.249 0.239 0.113 0.200 0.028
Alt-2 0.291 0.037 0.045 0.161 0.079 0.209 0.049 0.093 0.253 0.028 0.269 0.338 0.229 0.248
Alt-3 0.194 0.293 0.045 0.032 0.079 0.183 0.293 0.280 0.028 0.249 0.090 0.301 0.200 0.248
Alt-4 0.129 0.293 0.045 0.032 0.197 0.183 0.342 0.280 0.253 0.249 0.149 0.113 0.258 0.248
Alt-5 0.291 0.183 0.045 0.290 0.355 0.235 0.098 0.093 0.253 0.028 0.269 0.026 0.258 0.248
Alt-6 0.259 0.110 0.045 0.032 0.197 0.235 0.195 0.187 0.028 0.028 0.030 0.026 0.200 0.248
Alt-7 0.097 0.293 0.045 0.290 0.039 0.183 0.098 0.140 0.253 0.249 0.090 0.263 0.143 0.028
Alt-8 0.227 0.220 0.045 0.161 0.197 0.183 0.098 0.140 0.253 0.249 0.269 0.301 0.258 0.248
Alt-9 0.291 0.073 0.045 0.290 0.355 0.235 0.049 0.140 0.141 0.028 0.239 0.188 0.229 0.248
Alt-10  0.129 0.073 0.402 0.290 0.197 0.235 0.098 0.140 0.253 0.028 0.269 0.075 0.229 0.138
Alt-11 0.291 0.147 0.045 0.290 0.197 0.235 0.098 0.140 0.253 0.249 0.269 0.263 0.258 0.248
Alt-12  0.055 0.293 0.402 0.032 0.197 0.209 0.049 0.093 0.253 0.249 0.060 0.075 0.258 0.248
Alt-13 0.065 0.330 0.045 0.032 0.039 0.183 0.440 0.373 0.253 0.249 0.030 0.150 0.143 0.138
Alt-14  0.129 0.220 0.045 0.032 0.039 0.209 0.098 0.140 0.253 0.249 0.269 0.338 0.229 0.248
Alt-15  0.194 0.293 0.045 0.161 0.039 0.157 0.147 0.140 0.141 0.249 0.269 0.150 0.258 0.248
Alt-16  0.291 0.037 0.045 0.290 0.355 0.235 0.049 0.093 0.141 0.028 0.060 0.263 0.229 0.248
Alt-17  0.129 0.293 0.402 0.161 0.197 0.235 0.244 0.420 0.141 0.249 0.269 0.150 0.172 0.248
Alt-18  0.227 0.256 0.045 0.161 0.039 0.157 0.098 0.140 0.141 0.249 0.269 0.113 0.229 0.248
Alt-19 0.152 0.110 0.402 0.290 0.355 0.235 0.195 0.187 0.253 0.249 0.209 0.075 0.057 0.138
Alt-20  0.291 0.073 0.045 0.161 0.197 0.235 0.391 0.325 0.028 0.249 0.269 0.263 0.200 0.248
Alt-21 0.259 0.073 0.045 0.290 0.197 0.209 0.049 0.047 0.253 0.249 0.269 0.226 0.229 0.028
Alt-22  0.032 0.330 0.402 0.290 0.039 0.235 0.440 0.373 0.253 0.249 0.030 0.038 0.029 0.138

The distance to the positive ideal solution (S}) and the negative ideal solution (S, )
and the relative proximity to the ideal solution (C;') were calculated, and the alternatives
were sorted according to the relative proximity to the ideal solution (Cj’). Table 15 gives the
positive ideal solution (S}) and the negative ideal solution (S; ) values. Table 16 shows the
ranking of the final alternative assembly areas with TOPSIS.
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Table 16. Positive ideal Solution (S;), the negative ideal solution (S; ), and C{ values.

Si S, C;
Alt-1 0.0629094 0.0827332 0.5680564
Alt-2 0.0852184 0.0595593 0.4113846
Alt-3 0.0748156 0.0615874 0.4515106
Alt-4 0.0763561 0.0608673 0.4435637
Alt-5 0.0683273 0.0837209 0.5506209
Alt-6 0.0832610 0.0531913 0.3898163
Alt-7 0.0757022 0.0699004 0.4800765
Alt-8 0.0724333 0.0553792 0.4332848
Alt-9 0.0728728 0.0827359 0.5316921
Alt-10 0.0729803 0.0698455 0.4890258
Alt-11 0.0662728 0.0821262 0.5534148
Alt-12 0.1022246 0.0369187 0.2653285
Alt-13 0.0810129 0.0751364 0.4811828
Alt-14 0.0957755 0.0312750 0.2461621
Alt-15 0.0711450 0.0549069 0.4355897
Alt-16 0.0777577 0.0819384 0.5130896
Alt-17 0.0522015 0.0758561 0.5923592
Alt-18 0.0739477 0.0558521 0.4302943
Alt-19 0.0568574 0.0775235 0.5768934
Alt-20 0.0491980 0.0841376 0.6310214
Alt-21 0.0807663 0.0763389 0.4859094
Alt-22 0.0544911 0.0990204 0.6450356

According to the TOPSIS method’s solution results in Table 17, the first five places for
emergency assembly areas that can serve the Golbasi district of Ankara Province are the
Sacrificial Slaughter Area, Green Area, Sehir Park, the Tiirkiye Muhasebeciler Association
(Incek and Tagpinar), and Adem Bilhan Uysal Primary School Garden.

Table 17. Ranking of alternatives by TOPSIS method.

No. Alternative No. Emergency Assembly Area
1 Alt-22 Sacrificial Slaughter Area
2 Alt-20 Green Area
3 Alt-17 Sehir Park
4 Alt-19 Tiirkiye Muhasebeciler Association (Incek and Tagpimar)
5 Alt-1 Adem Bilhan Uysal Primary School Garden
6 Alt-11 Mevlana Park
7 Alt-5 Bahgeli Park
8 Alt-9 Fethi Duruay Park
9 Alt-16 Safak Park
10 Alt-10 Kizilcagsar Market Area
11 Alt-21 Ziibeyde Hanim High School
12 Alt-13 Mubhsin Yazicioglu Sport Complex
13 Alt-7 Cemil Yildirim School
14 Alt-3 Alparslan Tiirkes Park
15 Alt-4 Atatiirk Sahil Park
16 Alt-15 Yunus Emre Park
17 Alt-8 Cemre Park
18 Alt-18 Selale Park
19 Alt-2 Ahi Evran Park
20 Alt-6 Bekir Goneng Park
21 Alt-12 Mogan Park
22 Alt-14 Osmanli Park

4.3.3. Complex Proportional Assessment (COPRAS)

The steps of the COPRAS method were applied, and the alternatives were reordered
using the criterion weights determined by AHP. Table 18 shows the normalized decision
matrix.
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Table 18. Normalized decision matrix.

Coverage Area Environmental Safety Field Size Field Features
Sc-1 Sc-2 Sc-3 Sc-4 Sc-5 Sc-6 Sc-7 Sc-8 Sc-9 Sc-10 Sc-11 Sc-12 Sc-13 Sc-14
0.1939 0.1066 0.0585 0.2383 0.0613 0.0264 0.1335 0.1335 0.0077 0.0053 0.0140 0.0173  0.0025 0.0012
Alt-1  0.011661 0.000961 0.007524 0.017022 0.005516 0.001335 0.005201 0.004551 0.000449 0.000320 0.000798 0.000460 0.000112 0.000007
Alt-2  0.013118 0.000961 0.000836 0.009457 0.0012.26 0.001187 0.001734 0.003034 0.000449 0.000036 0.000898 0.001381 0.000128 0.000067
Alt-3  0.008746 0.007685 0.000836 0.001891 0.001226 0.001038 0.010403 0.009102 0.000050 0.000320 0.000299 0.001227 0.000112 0.000067
Alt-4  0.005830 0.007685 0.000836 0.001891 0.003064 0.001038 0.012136 0.009102 0.000449 0.000320 0.000499 0.000460 0.000144 0.000067
Alt-5  0.013118 0.004803 0.000836 0.017022 0.005516 0.001335 0.003468 0.003034 0.000449 0.000036 0.000898 0.000921 0.000144 0.000067
Alt-6  0.011661 0.002882 0.000836 0.001891 0.003064 0.001335 0.006935 0.006068 0.000050 0.000036 0.000100 0.000921 0.000112 0.000067
Alt-7  0.004373 0.007685 0.000836 0.017022 0.000613 0.001038 0.003468 0.004551 0.000449 0.000320 0.000299 0.001074 0.000080 0.000007
Alt-8  0.010203 0.005763 0.000836 0.009457 0.003064 0.001038 0.003468 0.004551 0.000449 0.000320 0.000898 0.0012.27 0.000144 0.000067
Alt-9  0.013118 0.001921 0.000836 0.017022 0.005516 0.001335 0.001734 0.004551 0.000249 0.000036 0.000798 0.000767 0.000128 0.000067
Alt-10  0.005830 0.001921 0.007524 0.017022 0.003064 0.001335 0.003468 0.004551 0.000449 0.000036 0.000898 0.000307 0.000128 0.000037
Alt-11  0.013118 0.003842 0.000836 0.017022 0.003064 0.001335 0.003468 0.004551 0.000449 0.000320 0.000898 0.001074 0.000144 0.000067
Alt-12  0.002915 0.007685 0.007524 0.001891 0.003064 0.001187 0.001734 0.003034 0.000449 0.000320 0.000200 0.000307 0.000144 0.000067
Alt-13  0.002915 0.008645 0.000836 0.001891 0.000613 0.001038 0.015604 0.012136 0.000449 0.000320 0.000100 0.000614 0.000080 0.000037
Alt-14  0.005830 0.005763 0.000836 0.001891 0.000613 0.001187 0.003468 0.004551 0.000449 0.000320 0.000898 0.001381 0.000128 0.000067
Alt-15  0.008746 0.007685 0.000836 0.009457 0.000613 0.000890 0.005201 0.004551 0.000249 0.000320 0.000898 0.000614 0.000144 0.000067
Alt-16  0.013118 0.000961 0.000836 0.017022 0.005516 0.001335 0.001734 0.003034 0.000249 0.000036 0.000200 0.001074 0.000128 0.000067
Alt-17  0.005830 0.007685 0.007524 0.009457 0.003064 0.001335 0.008669 0.013653 0.000249 0.000320 0.000898 0.000614 0.000096 0.000067
Alt-18  0.010203 0.006724 0.000836 0.009457 0.000613 0.000890 0.003468 0.004551 0.000249 0.000320 0.000898 0.000460 0.000128 0.000067
Alt-19  0.007288 0.002882 0.007524 0.017022 0.005516 0.001335 0.006935 0.006068 0.000449 0.000320 0.000698 0.000307 0.000032 0.000037
Alt-20  0.013118 0.001921 0.000836 0.009457 0.003064 0.001335 0.013870 0.010619 0.000050 0.000320 0.000898 0.001074 0.000112 0.000067
Alt-21  0.011661 0.001921 0.000836 0.017022 0.003064 0.001187 0.001734 0.001517 0.000449 0.000320 0.000898 0.000921 0.000128 0.000007
Alt-22  0.001458 0.008645 0.007524 0.017022 0.000613 0.001335 0.015604 0.012136 0.000449 0.000320 0.000100 0.000153 0.000016 0.000037

As a result of the COPRAS method, the option with an Nj value of 100 is the most
useful. The order of the other alternative was also determined according to the best N;
grade. Table 19 shows the ranking of the alternatives using the COPRAS method. According
to the COPRAS method solution results, Mogan Park, Bekir Goneng Park, Osmanli Park,
the Sacrificial Slaughter Area, and Atatiirk Sahil Park were the top five assembly areas in
the Golbasi district.

Table 19. Ranking of alternatives by COPRAS method.

No. Alternative No. Emergency Assembly Area
1 Alt-12 Mogan Park
2 Alt-6 Bekir Goneng Park
3 Alt-14 Osmanl Park
4 Alt-22 Sacrificial Slaughter Area
5 Alt-4 Atatiirk Sahil Park
6 Alt-3 Alparslan Tiirkes Park
7 Alt-13 Mubhsin Yazicioglu Sport Complex
8 Alt-20 Green Area
9 Alt-1 Adem Bilhan Uysal Primary School Garden
10 Alt-8 Cemre Park
11 Alt-15 Yunus Emre Park
12 Alt-19 Tiirkiye Muhasebeciler Association (Incek and Tagpinar)
13 Alt-5 Bahgeli Park
14 Alt-18 Selale Park
15 Alt-17 Sehir Park
16 Alt-2 Ahi Evran Park
17 Alt-9 Fethi Duruay Park
18 Alt-16 Safak Park
19 Alt-21 Zitibeyde Hanim High School
20 Alt-10 Kizilcagsar Market Area
21 Alt-7 Cemil Yildirim School
22 Alt-11 Mevlana Park

4.3.4. Borda Count (BORDA)

The Borda Counting method is the final method used and provides the overall study
result ranking. The alternative sequences obtained from the AHP, TOPSIS, and COPRAS
methods differ among all of them. When the top five emergency assembly areas are
considered, the top three rankings of the AHP and TOPSIS methods are the same: Sacrificial
Slaughter Area, Green Area, and Sehir Park. According to the results of the TOPSIS method,
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the fourth place was taken by the Tiirkiye Muhasebeciler Association (Incek and Tagpinar),
and the fifth place was taken by Adem Bilhan Uysal Primary School Garden. The COPRAS
method yields completely different results from the AHP and TOPSIS methods. Mogan
Park, Bekir Goneng Park, Osmanli Park, the Sacrificial Slaughter Area, and Atattirk Sahil
Park took the first five areas for emergency assembly areas that can serve Ankara Province’s
Golbas district.

Numerous studies in the literature use multiple criteria decision-making techniques
together. These studies aim to obtain comparable results using various sequencing methods.
Determining the best alternative using multiple methods is regarded as an efficient criterion.
The Borda Count method combines rankings produced by multiple classifiers into one
ranking. Because the results of the three different methods differed, the study obtained an
integrated ranking using the Borda Count method to obtain a general ranking. By grouping
the ranking classes into a single category, the Borda Count method produces a consensus
result. Table 20 shows the scores and rankings of the BORDA Count method and other
methods used.

Table 20. BORDA Count method results.

TOPSIS TOPSIS COPRAS COPRAS BORDA BORDA

Ranking Score Ranking Score Ranking Score

Alt-1 5 17 11 11 39 28
Alt-2 19 3 19 3 34 6

Alt-3 14 8 3 19 32 27
Alt-4 15 7 2 20 31 27
Alt-5 7 15 13 9 30 24
Alt-6 20 2 5 17 28 19
Alt-7 13 9 20 2 27 11
Alt-8 17 5 12 10 27 15
Alt-9 8 14 16 6 24 20
Alt-10 10 12 17 5 20 17
Alt-11 6 16 22 0 19 16
Alt-12 21 1 6 16 17 17
Alt-13 12 10 1 21 17 31
Alt-14 22 0 7 15 17 15
Alt-15 16 6 14 8 16 14
Alt-16 9 13 18 4 15 17
Alt-17 3 19 9 13 15 32
Alt-18 18 4 15 7 14 11
Alt-19 4 18 10 12 12 30
Alt-20 2 20 8 14 11 34
Alt-21 11 11 21 1 11 12
Alt-22 1 21 4 18 6 39

According to the BORDA method’s solution results in Table 21, the first five emergency
assembly areas that can serve the Golbasi district are the Sacrificial Slaughter Area, Green
Area, Sehir Park, Muhsin Yazicioglu Sports Complex, and the Tiirkiye Muhasebeciler
Association (Incek and Tagpinar).

Table 22 compares alternative rankings obtained using the AHP, TOPSIS, COPRAS,
and BORDA methods. The Sacrificial Slaughter Area is first in the AHP, TOPSIS, and
BORDA methods for emergency assembly areas that can serve the Golbas: district of
Ankara. Mogan Park took first place in the COPRAS method ranking. The first three rows
of the AHP, TOPSIS, and BORDA methods are the same.
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Table 21. Ranking of alternatives by BORDA method.

No. Alternative No. Emergency Assembly Area
1 Alt-22 Sacrificial Slaughter Area
2 Alt-20 Green Area
3 Alt-17 Sehir Park
4 Alt-13 Mubhsin Yazicioglu Sport Complex
5 Alt-19 Tiirkiye Muhasebeciler Association (Incek and Tagpinar)
6 Alt-1 Adem Bilhan Uysal Primary School Garden
7 Alt-3 Alparslan Tiirkes Park
8 Alt-4 Atattirk Sahil Park
9 Alt-5 Bahgeli Park
10 Alt-9 Fethi Duruay Park
11 Alt-6 Bekir Goneng Park
12 Alt-10 Kizilcasar Market Area
13 Alt-12 Mogan Park
14 Alt-16 Safak Park
15 Alt-11 Mevlana Park
16 Alt-8 Cemre Park
17 Alt-14 Osmanli Park

Table 22. Ranking of alternatives by BORDA method.

No AHP TOPSIS COPRAS BORDA
1 Alt-22 Alt-22 Alt-12 Alt-22
2 Alt-20 Alt-20 Alt-6 Alt-20
3 Alt-17 Alt-17 Alt-14 Alt-17
4 Alt-1 Alt-19 Alt-22 Alt-13
5 Alt-5 Alt-1 Alt-4 Alt-19
6 Alt-13 Alt-11 Alt-3 Alt-1
7 Alt-9 Alt-5 Alt-13 Alt-3
8 Alt-19 Alt-9 Alt-20 Alt-4
9 Alt-16 Alt-16 Alt-1 Alt-5
10 Alt-11 Alt-10 Alt-8 Alt-9
11 Alt-21 Alt-21 Alt-15 Alt-6
12 Alt-10 Alt-13 Alt-19 Alt-10
13 Alt-4 Alt-7 Alt-5 Alt-12
14 Alt-3 Alt-3 Alt-18 Alt-16
15 Alt-6 Alt-4 Alt-17 Alt-11
16 Alt-7 Alt-15 Alt-2 Alt-8
17 Alt-2 Alt-8 Alt-9 Alt-14
18 Alt-8 Alt-18 Alt-16 Alt-15
19 Alt-15 Alt-2 Alt-21 Alt-21

20 Alt-18 Alt-6 Alt-10 Alt-7

21 Alt-12 Alt-12 Alt-7 Alt-18

22 Alt-14 Alt-14 Alt-11 Alt-2

5. Conclusions

The 7.7 and 7.6 magnitude earthquakes centered in Kahramanmarag and Elbistan on
Turkey’s Eastern Anatolian Fault Line caused significant damage and loss of life in the ten
surrounding provinces. While approximately 48 thousand people lost their lives in the
earthquake, the region where around 13.5 million people live in 10 provinces was affected.
This disaster demonstrates the importance of being prepared for potential disasters that
may occur in the future, as well as developing and implementing emergency action plans
for this issue. In Turkey, disaster management studies are at an advanced stage. Following
potential disasters, citizens must be in a safe environment where their needs can be met.
Pre-disaster and post-disaster studies should be prioritized, particularly in large cities such
as Ankara, which appear safe from natural disasters but are located near many major fault
lines and are likely to be severely affected in the event of an earthquake.

The Ankara Province’s Golbas: district was chosen as a pilot region for the study,
and the problem of selecting emergency assembly areas after a disaster was discussed.
Many studies have been conducted in recent years in the world and Turkey, following
a review of the literature on the location selection of emergency assembly areas. When
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the related studies were thoroughly examined, it was discovered that the researchers
established criteria and sub-criteria for area selection. A study for the Golbas: district has
not been found in the literature. For this reason, the goal of this study was to determine
the post-disaster emergency assembly areas for the Golbasi district of Ankara by national
and international standards by using multi-criteria decision-making techniques, which are
based on four main criteria and fourteen sub-criteria determined under comprehensive
studies based on the literature and expert opinions. The Analytical Hierarchy Process
(AHP) method was used to determine the criteria weights and list the alternatives. With
35.9%, coverage area was the most important of the main criteria. Following that are
environmental safety, field size, and field features. TOPSIS and COPRAS methods list the
alternatives based on these determined weights. Because the results of the three different
ranking methods differed in the study, a single integrated ranking was obtained using the
BORDA Count method to obtain a general ranking. Alternative rankings were assessed
using all methods, and comparisons were made. According to the comparison results, the
sacrificial slaughter area takes first place in the AHP, TOPSIS, and BORDA methods for
emergency assembly areas that can serve the Golbasg: district of Ankara. Mogan Park took
first place in the COPRAS method ranking.

As a similar study could not be found, the ranking of the alternatives could not be
compared. However, it is known in the literature that performing the decision-making
process by using more than one multi-criteria decision technique on a problem leads to
more accurate results [61]. The literature suggests that using multiple MCDM methods
can help to overcome the limitations of individual methods and provide more robust and
reliable results [61,62]. For instance, Mohammadnazari et al. (2022) used an integrated
approach based on four multi-criteria decision-making (MCDM) techniques, namely TOP-
SIS, ELECTRE 1II, VIKOR, and PROMETHEE, to assist decision-makers in prioritizing
post-disaster projects [63]. Boyac: and Ttizemen (2022) used AHP, TOPSIS and COPRAS
techniques for the selection of aircraft-material selection problem. Then the Borda Count
method was used to obtain the final integrated rankings.Therefore, the research results
provide evidence that using multiple MCDM methods can lead to more accurate and
reliable results in decision-making processes.

This study, conducted in the Golbas: district of Ankara Province, is expected to serve
as a model for other districts in Ankara Province and benefit researchers. Furthermore, the
study’s findings will serve as a scientific guide for local governments and public institutions
in taking preventive measures in the aftermath of an earthquake. The study should not be
limited to Ankara province; all cities should be prepared for potential disasters. As a result,
except for Ankara Province, similar studies can be updated based on physical conditions
and expert opinions from all regions and provinces in Turkey.
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Appendix A

Figure A3. Emergency assembly areas in the District Center where the population density is low.
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