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Disasters are events that cause human, material or environmental losses, have significant negative
effects on the functioning of daily life, and that the region cannot overcome with its own
resources. The most common natural disasters in Turkey are earthquakes. Reducing the negative
effects of earthquakes is possible by ensuring effective disaster logistics before the disaster.
Setting up catastrophe logistics warehouses in suitable places is crucial for efficiently carrying
out disaster logistics and aiding disaster victims. Therefore, in this study, the location selection
problem for disaster logistics warehouses (DLW) was examined. There are studies in the
literature on establishing disaster logistics warehouses generally in city centers. The earthquakes
that occurred on February 6, 2023 revealed how important the aid from surrounding provinces is.
Thus, the objective of this project is to create disaster logistics warehouses in the non-central
districts of Ankara in order to give assistance to both neighboring districts and bordering
provinces. The study employed p-median and capacitated p-median models with cluster coverage
to identify the optimal locations for disaster logistics warehouses and the corresponding provinces
and districts that should be allotted to these warehouses. The final phase of the study was
evaluating the efficacy of the models through sensitivity analysis.
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Anahtar Kelimeler

Afet Lojistik Deposu
Kiime Kapsama
P-Medyan

Yer Se¢imi

Afetler, insan, malzeme veya gevresel kayiplara sebebiyet veren, giinliik hayatin isleyisinde
biiyilk oOl¢lide olumsuz etkileri olan, yasanilan bolgenin kendi imkanlari ile iistesinden
gelemeyecegi olaylardir. Tiirkiye’de en ¢ok yasanilan dogal afetler ise depremlerdir. Depremlerin
olumsuz etkilerinin azaltilmas: ise afet Oncesinde gerceklestirilen etkin afet lojistiginin
saglanmasi ile miimkiin olmaktadir. Afet sonrasinda afetzedelere hizmet veren afet lojistik
depolarinin uygun yerlere kurulmasi, afet lojistiginin basarili bir sekilde uygulanmasinda etkili
olmaktadir. Bu yiizden bu ¢aligmada afet lojistik depolar1 i¢in yer se¢imi problemi incelenmistir.
Literatiirdeki ¢alismalarda afet lojistik depolarmin genelde sehir merkezlerinde kurulmasina
yonelik ¢alismalar mevcuttur. 6 Subat 2023 tarihinde meydana gelen depremler ¢evre illerden
gelecek yardimlarin ne kadar 6nemli oldugunu gozler dniine sermistir. Bu ylizden bu ¢alismada
Ankara’nin merkez dig1 ilgelerinde kurulacak afet lojistik depolar ile hem komsu ilgelere hem de
cevre illere hizmet verilmesi amaglanmaktadir. Caligmada afet lojistik depolarinin yerlerinin
belirlenmesi ile bu depolara atanacak il ve ilgelerin belirlenmesinde kiime kapsama ile p-medyan
ve kapasitelendilmis p-medyan modelleri kullanilmistir. Caligmanin son béliimiinde ise yapilan
duyarlilik analizi ile modellerin etkinligi analiz edilmistir.

1. INTRODUCTION (GiRris)

Disaster can be defined as events that can affect
people's lives and activities, cause large-scale
destruction, damage and loss of life, require
domestic or international assistance, and occur
suddenly at unpredictable times [1]. Natural
disasters are events that affect both human and
natural life all over the world, cause significant

losses and cannot be avoided [2]. Natural disasters
may occur from time to time in Turkey, as in the rest
of the world. Since there are many active fault lines
in Turkey, the most common natural disaster is
earthquake. Since it is of great importance to
quickly reach the people affected by large and
destructive earthquakes, necessary preparations
must be made before the emergency. The
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Kahramanmaras earthquakes that occurred on
February 6, 2023 revealed how important the
preparations that need to be made before the disaster
are. Recently, importance has been given to pre-
disaster preparation studies in order to overcome
major earthquakes and other disasters that may
occur in the near future with minimal losses.

It is seen that many major earthquakes have
occurred in the recent history of Turkey, which is
located on active faults. In particular, the two
earthquakes that occurred on February 6, 2023
affected a very wide geography and caused great
loss of life and property in 10 provinces.
Additionally, there were problems in sending aid to
the earthquake region due to destroyed roads and
airports. This situation showed how important the
aid that can be provided to the earthquake region
from nearby provinces is. The notion of disaster
logistics arose with the aim of mitigating the impact
of natural disasters that occur globally. Disaster
logistics refers to the operations involved in the
effective transportation and storage of information
and humanitarian goods from a secure location to
the disaster area. It also include the creation and
execution of plans to satisfy the needs of the people
affected by the disaster [2]. Disaster logistics covers
all activities carried out, from the delivery of
emergency equipment, search and rescue teams, and
materials needed by disaster victims from the first
point to the area where the disaster occurred, to the
delivery of disaster victims to safe regions and
health centers. Disaster logistics consists of three
stages: pre-disaster preparation activities, disaster
response process activities and post-intervention
logistics activities [3]. According to AFAD, the
place where emergency materials required to be sent
to damaged areas in disasters and emergencies are
stored is defined as a disaster logistics Warehouse
(DLW) [4].

When Tirkiye's geographical features are
examined, it is seen that the earthquake risk is high
in 70% of the country. When an earthquake occurs,
pre-disaster  logistics  activities must  be
implemented effectively in order to minimize the
negativities of this disaster [3]. Supplying the
necessary resources, including materials, tools, and
equipment, is crucial for the survival of individuals
affected by a disaster. In particular, the rapid
delivery of these materials, tools and equipment to
the disaster area is possible by establishing DLW in
the right places [5]. DLWs refer to places where all
kinds of materials, food, tools and equipment
required for emergency response and aid activities
before and after natural disasters are stored.
Determining the places where DLWSs will be

established is of great importance as it will ensure
that aid can be delivered as soon as possible after a
natural disaster. Consequently, in recent years,
numerous researchers have concentrated on
conducting studies to identify the specific places
where DLWs will be constructed [3].

In the earthquakes that occurred on February 6,
2023, 10 cities were affected by the earthquake, and
this revealed how important the aid provided by the
surrounding  provinces was. The literature
acknowledges the idea that DLWs are typically
located in city centers and primarily cater to the
districts within that metropolis. However, in case of
any natural disaster, it is of great importance to
deliver aid quickly from surrounding provinces.
Therefore, in this study, the problem of determining
the location of DLWSs to be established in the
districts outside the center of Ankara was examined.
Planning was made to deliver aid to neighboring
provinces within a 300 km radius of Ankara from
the DLWs established in the study. In the study, the
places where the DLWSs will be established and the
provinces that will be assigned to the stations were
tried to be determined, taking into account the
earthquake risks and populations of Ankara's non-
central districts and neighboring provinces. As far
as is known, this is the first study in which the
locations of the DLWs were determined for the
purpose of sending emergency aid materials to
neighboring provinces and districts from DLWs
established in districts outside the center of a big
city.

The subsequent phase of the study incorporates a
comprehensive examination of the existing
literature pertaining to the identification of DLW
positions. In the application part of the study, it was
tried to determine in which of the 16 districts
outside the center of Ankara DLWs should be
established. While determining the locations where
DLWs will be established, the distance to
surrounding provinces and districts, population and
earthquake risks of these places were taken into
account. The study initially identified the minimal
number of warehouses to be opened based on the
cluster coverage problem. In the second phase, the
DLWSs commenced by utilizing the p median model
to ascertain the allocation of cities and districts to
these warehouses. Furthermore, an attempt was
made to ascertain the impact of the alteration in the
quantity of warehouses on the outcome. In the last
part of the study, a capacity was determined for the
opened DLWs and the model was solved again by
adding a capacity constraint to the p-median
problem and the results were interpreted.
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2.  LITERATURE
TARAMASI)

REVIEW  (LITERATUR

Existing literature on determining the location of
DLWSs encompasses studies employing various
methodologies. In this section, a literature review of
studies on the location selection of DLWs is
included. When studies on disaster logistics in the
literature are examined, it is seen that researchers
focus on issues such as emergency station location
selection, shelter location location selection, and the
establishment of an emergency logistics network. In
these studies, it is seen that researchers use multi-
criteria decision-making methods in addition to
mathematical models.

Studies that propose mathematical models for pre-
disaster preparation studies, such as determining the
location of emergency warehouses and shelter
areas, are discussed in this section. Barbarosoglu
and Arda (2004) created a stochastic programming
model to establish the delivery network for
emergency supplies to regions affected by disasters.
In this model, even if the facility location is not
selected, the problem of routing the sent materials is
associated with the location selection model [6].
The problems related to disaster logistics examined
in the literature and the methods used to solve the
problems are given in Table 1.

In their study, Dekle et al. (2005) aimed to ascertain
the precise placements of emergency centers in
Florida by considering the constraints imposed by
distance. The study initially identified the minimum
required number of emergency centers, and
subsequently assessed the settlements based on
multiple factors to identify suitable locations for
establishing the emergency stations [7]. Hale and
Moberg (2005) utilized a cluster coverage model to
determine the optimal location for establishing a
disaster relief warehouse. This model incorporates
variables such as planning, detection, mitigation,
and recovery in its analysis [8]. Gunneg and Salman
(2007) devised a two-stage stochastic programming
technique to ascertain the precise sites for
establishing emergency storage [9]. Jiaetal. (2007)
tried to determine the locations where emergency
warehouses will be established with the cluster
coverage model, taking into account the uncertain
demand that occurs as a result of a disaster and the
assumptions that the facilities to store aid materials
are inadequate [10]. In their study, Balg¢ik and
Beamon (2008) utilized the maximum coverage
model to ascertain the optimal placement of
emergency distribution facilities. They considered
factors such as the quantity of goods and personnel

that would need to be accommodated in these
facilities [11]. In their study, Mete and Zabinsky
(2010) devised a two-stage stochastic programming
model to ascertain the optimal location for storing
medical products and the appropriate stock levels
for a designated warehouse [12]. Rawls and
Turnquist (2011) devised a stochastic mixed integer
programming model to ascertain the precise
placement and size of warehouses for dispatching
emergency relief supplies to the disaster-stricken
regions in the case of a storm in the United States
[13]. Zhu et al. (2010) introduced a mathematical
model aimed at minimizing the overall cost
associated with selecting emergency warehousing
locations [14]. In their study, Gérmez et al. (2011)
introduced a two-stage linear programming
approach for identifying the optimal positions of
emergency warehouses within Istanbul. The
primary objective in the first stage is to decrease the
distance weighted by demand. In the second stage,
the goal is to minimize both the average distance
and the number of facilities [15]. In their study,
Duran et al. (2011) devised a mathematical model
to establish a distribution network. This model
determines the specific products that should be
supplied from emergency warehouses prior to a
crisis [16]. In their 2012 study, Ddyen et al.
introduced a mathematical model for identifying the
optimal placement of emergency warehouses. The
model considers many factors such as facility setup
costs, transportation expenses, and storage and
disposal costs [17]. In their study, Liu et al. (2013)
introduced a mathematical framework to determine
the optimal locations for emergency material
warehouses. They employed a heuristic method to
solve this model [18]. In their 2014 study, Salman
and Yiicel introduced a stochastic 0-1 integer
programming model to address the demand for aid
among catastrophe victims. They employed the tabu
search algorithm to solve this model [19]. Sahin and
Altin (2016) examined the tent city site selection
problem for Isparta province. In the study, the p-
median model, with capacity and usage rates added,
was used and the places where tent cities should be
established were determined [20]. Aydin et al.
(2017) investigated the difficulty of selecting the
location for emergency warehouses in the Maltepe
area of Istanbul. The initial phase of the project
involved determining the minimal number of
emergency warehouses required using the cluster
coverage issue. In the subsequent phase, the sites for
establishing these emergency warehouses were
chosen using the p-median model [3]. Igbal et al.
(2018) employed Monte Carlo simulation to
ascertain the precise position of the DLW within the
domain of catastrophe logistics [21]

513



Desticioglu Tagdemir | GU J Sci, Part C, 12(3): 511-524 (2024)

Table 1. Studies on disaster logistics (Afet lojistigi hakkindaki ¢alismalar)

Authors Year | Problem Examined Method
Barbarosoglu and | 2004 | Establish the delivery network for | Stochastic Programming
Arda emergency supplies Model
Dekle et al. 2005 | Identify suitable locations for establishing | Mathematical Programming
the emergency stations Model
Hale and Moberg 2005 | Optimal location for establishing a disaster | Cluster Coverage Model
relief warehouse
Gunneg and Salman 2007 | Precise sites for establishing emergency | Two-Stage Stochastic
storage Programming Model
Jia et al. 2007 | Emergency warehouse location selection Cluster Coverage Model
Balgik and Beamon 2008 | Optimal  placement of  emergency | Maximum Coverage Model
distribution facilities
Mete and Zabinsky 2010 | Optimal location for storing medical | Two-Stage Stochastic
products Programming Model
Zhu et al. 2010 | Emergency warehouse location selection Mathematical Programming
Model
Rawls and Turnquist | 2011 | Precise placement of warehouses for | Stochastic Mixed Integer
dispatching emergency relief supplies Programming Model
Gormez et al. 2011 | Emergency warehouse location selection Two-Stage Linear
Programming Model
Duran et al. 2011 | Establish a emergency distibution network Mathematical Programming
Model
Doyen et al. 2012 | Emergency warehouse location selection Mathematical Programming
Model
Liu et al. 2013 | Emergency warehouse location selection Mathematical Programming
Model
Salman and Yficel 2014 | Address the demand for aid among | Stochastic 0-1 Integer
catastrophe victims Programming Model
Peker et al. 2016 | Emergency warehouse location selection AHP - VIKOR
Sahin and Altin 2016 | Shelter site selection P-Median Model
Aydin et al. 2017 | Emergency warehouse location selection Cluster Coverage and P-
Median Model
Ofluoglu et al. 2017 | Emergency warehouse location selection Entropi, VIKOR, SAW and
TOPSIS
Igbal et al. 2018 | Emergency warehouse location selection Monte Carlo Simulation
Temur et al. 2019 | Emergency warehouse location selection Mathematical Programming
Model
Ergiin et al. 2020 | Emergency warehouse location selection MAUT - SAW
Durdag et al. 2021 | Emergency warehouse location selection In-Depth Interview Technique
Soydz and Ozydriik 2021 | Establish the delivery network for | Three-Stage Mixed Integer
emergency supplies Mathematical Programming
Model
Derse 2022 | Emergency warehouse location selection DEMATEL - TOPSIS
Tezcan et al. 2022 | Temporary distribution warehouse location | AHP — VIKOR, TOPSIS,
selection PROMETHEE
Bayram and Eren 2023 | Emergency station location selection AHP -  PROMETHEE,
ELECTRE, TOPSIS
Soyéz and Ozydritk 2024 | Establish the delivery network for | Five-Stage Mixed Integer
emergency supplies Mathematical Programming
Model

Temur et al. (2019) tried to determine which
neighborhoods would be served from the DLWSs in
Umraniye district of Istanbul after any emergency,
and the acquired model was resolved under various
scenarios and the outcomes were compared [22].

Durdag et al. (2021) tried to determine the most
suitable location by evaluating 4 different options
for the DLW to be established in the Beykoz district
of Istanbul, using the in-depth interview technique
with firefighters [23]. In their study, Soy6z and
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Ozyoériik (2021) developed a three-stage mixed
integer mathematical programming model for the
purpose of transporting disaster victims to shelters
and health centers after a disaster, delivering
essential needs to people from warehouses, and
transporting health supplies. They solved the model
for a small data set and interpreted the results [24].
In another study, Soydz and Ozyérik (2024)
developed a five-stage mathematical model for the
delivery of relief supplies to disaster victims from
suppliers to warehouses, from shelters to
warehouses and from distribution centers to health
centers. In the developed model, solutions were
made for earthquake scenarios that may occur
Ankara and the results obtained were evaluated
[25].

Itis seenin the literature that multi-criteria decision-
making methods are widely used in determining the
location of emergency warehouses. Peker et al.
(2016) conducted a study to determine the location
of the emergency warehouse to be established in
Erzincan province. The initial phase of the study
involved determining the weights of the selection
criteria using the Analytic Hierarchy Process
(AHP). In the subsequent phase, the alternatives
were evaluated and selected using the VIKOR
method [26]. Ofluoglu et al. (2017) examined the
DLW location selection to be established in
Trabzon province as a multi-criteria decision-
making problem. The study utilized the Entropy
weight method-based SAW, TOPSIS, and VIKOR
methodologies to identify the optimal location for
DLW among the available possibilities [27]. Ergun
et al. (2020) determined emergency warehouse
location selection with AHP-based MAUT and
SAW methods to ensure sustainable disaster
logistics in Giresun [5]. Derse (2022) conducted a
study to identify the specific locations of Disaster
Logistics Warehouses (DLWSs) in the Aegean
Region. The study utilized the DEMATEL-based
TOPSIS technique and Cluster Coverage Model
[28] for this purpose. Tezcan et al. (2023) selected a
location for a temporary warehouse that will serve
in Kirikkale province after the disaster. The study
utilized the AHP, TOPSIS, PROMETHEE, and
VIKOR techniques to evaluate and compare the
different choices [29]. Bayram and Eren (2023)
conducted a study to determine the location of the
DLW to be established in order to reduce the effects
of a 7.5 magnitude earthquake that may occur in
Istanbul. In the study, the suitable one among the
alternatives was determined using AHP, TOPSIS,
ELECTRE and PROMETHEE methods [30].

3. MATERIALS AND METHODS (MATERYAL
VE METOD)

The location selection problem is a ubiquitous issue
that arises in various domains of everyday life. The
most important issues that are taken into
consideration during the establishment of a
workplace are the location of establishment,
production management and production capacity.
Choosing the location of the establishment
incorrectly can lead to both increased costs and
inefficient use of resources [31]. Hence, the
selection of a business's operating site is a strategic
decision that has a direct impact on long-term
productivity, since it influences the resources
required for production and the expenses associated
with manufacturing and distribution. The location
selection problem involves the allocation of m
facilities to n clients (where mis less than n) in order
to reduce costs associated with collection,
transportation, and production. Maximum coverage,
cluster coverage, p-median, p-center models are
widely used in site selection in the literature.

3.1. Cluster Coverage Model (Kiime Kaplama Modeli)

The cluster coverage model aims to identify the
smallest possible number of facilities needed to
cover the demand points, while adhering to specific
constraints such as distance or capacity. Location
set covering model was developed by Toregas et al.
in 1971 [32]. In addition, the cluster coverage model
aims to minimize the facility location cost that will
provide a certain level of service [31]. Upon
reviewing the literature, various studies have been
conducted on different topics such as DLW
selection [3], rail system station location
determination [33], determination of electronic
product collection points [34], determination of the
location of fire stations [35], finding aircraft
warning areas [36], location of emergency medical
services [37], determining military warehouses and
distribution centers [38], and determining the
location of air and land ambulances [39].

The generalized cluster coverage problem is defined
by a specific model, which includes many
characteristics. These parameters are described in
detail [32]:

Sets

i: Demand points
j: Warehouses
Parameters

n: Number of candidate warehouses
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m: Number of demand points to be served

S: Maximum coverage distance of opened
warehouses

Decision Variables

jand iis lessthan S

1,If the distance between warehouse
|
0, Otherwise

If warehouse j is opened
0, Otherwise

— 1’
Xj =

Mathematical Model

n
MinZ = Z X; (D
j=1

n
j=1

ijbij € {0,1}, i= 1,2, ...,m;j = 1,2,...,Tl (3)

v

1 Vi (2)

The objective of Eq 1 is to reduce the gquantity of
facilities that are opened. Eq. 2 guarantees that a
facility is allocated to each demand point. Sign
constraints on the decision variables are illustrated
in Eq. 3.

3.2.P-Median Model (P-Medyan Modeli)

Hakimi initially presented the P-Median problem in
the academic literature in 1965 [41]. The P-median
model is the model that is most commonly
employed in the literature for location selection. The
term "median problem" refers to the expansion of
the P-median issue. In this type of problem, locating
the facility that will supply all demand points on the
network is the primary objective. If there is a need
to open many facilities on the network, the model is
referred to as the p-median model [32]. The primary
objective of the P-Median model is to minimize the
distance traveled, taking into account the demand
and the location of the p facilities that will meet the
demand points [42]. The p-median model is
commonly employed in various facility location
challenges, as evidenced in the literature. The p-
median model is commonly used to model a wide
range of problems in various disciplines, such as
determining temporary residence areas [43],
locating rail system stations [32], designing
logistics networks for post-earthquake services
[22], selecting vaccine distribution centers [44],
selecting fire department locations [45], and

selecting hospital locations [46], as found in the
literature.

The p-median model aims to reduce the distance
weighted by demand by serving n clients from p
facilities. The mathematical model of the P-median
problem, together with its parameters, is shown
below [32, 41]:

Parameters:
a;: the demand of the customer at point i

d; : distance between demand point i and warehouse
J

p: number of warehouses to be opened

is met from warehouse j
0, Otherwise

1,If the demand of demand point i
Yij = {

Mathematical Model

m n
minz = ZZ al-dl-jyl-j (4)

i=1j=1
n
j=1
Vij < Xj Vi,j (6)
n
D y=p %
j=1
yij,xj' € {O, 1} Vl,] (8)

Eqg. 4 represents the objective function of the model.
The objective of the model is to minimize the total
distance traveled, taking into account the weight of
each demand. Equation 5 guarantees that each
demand point is allocated to a single warehouse. Eq.
6 prohibits the allocation of any demand point to a
warehouse that has not been opened, but Eq. 7
guarantees the opening of p warehouses. Eg. 8
ensures that the decision variables can only have
values of either O or 1.

Upon reviewing the literature, it becomes evident
that facility location selection commonly employs
approaches such as cluster coverage, maximum
coverage, p-median, and p-center. This study
examines the issue of selecting the locations for
disaster logistics warehouses in the non-central
districts of Ankara. These warehouses will provide

515



Desticioglu Tagdemir | GU J Sci, Part C, 12(3): 511-524 (2024)

assistance to adjacent provinces in the event of a
disaster. A two-stage model was developed in the
study to facilitate venue selection. The initial phase
involved determining the minimal number of
emergency facilities to be opened using the cluster
coverage model. In the subsequent phase of the
study, the specific facilities to be opened and the
provinces and districts to be assigned to these
facilities were decided. The studies carried out are
discussed in the next section.

4. LOCATION SELECTION FOR DISASTER

LOGISTICS WAREHOUSES (AFET LOJISTIK
DEPOLARININ YER SECIMI)

Existing literature reveals that during a disaster,
DLWs are typically established in city centers to
cater specifically to the affected population within
that city [29, 30]. The earthquakes that occurred in
Kahramanmaras on February 6, 2023 affected 10
provinces, especially Kahramanmaras, Hatay,
Malatya and Adiyaman. The earthquake, which
affected a wide region in this way, revealed how
important the aid to be sent from surrounding
provinces was. Therefore, it is important that the
DLWs planned to deliver aid to disaster victims
after a disaster are planned to be able to serve for
disasters that may occur in neighboring provinces,
rather than planning to serve only that area.
Considering that the Istanbul earthquake that may
occur in the coming years may also affect the
surrounding provinces, it is important to create
plans accordingly. In this study, it was determined
in which districts the DLWs to be established in the
off-center districts of Ankara, which has a low
earthquake risk, should be established [4]. It is
aimed to plan the DLWs established in the study to
serve the surrounding provinces within the
determined coverage area, as well as the non-central
districts. Furthermore, when selecting the sites for
the new facilities, the model considered the
earthquakes of these areas, as well as the
demographics of Ankara's peripheral districts and
adjacent provinces.

The problem of determining the locations of DLWs
to be established in the non-central districts of
Ankara is modeled in two stages. In the first stage,
it was determined how many DLWs should be
opened using the cluster coverage model. In the
second stage, it was tried to determine which cities
and districts would be assigned to the DLWSs opened
with the p-median model. At this stage, first of all,
calculations were made without taking into account
the capacities of the DLWSs, and the districts where
the warehouses would be opened and the cities and
districts to be assigned to these warehouses were

determined. Afterwards, the model was solved
again by adding the capacity constraint for the p-
median model facilities, and considering the
warehouse capacities, it was determined to which
districts the warehouses would be opened and to
which provinces and districts aid would be sent
from these warehouses. In the final phase of the
project, the model's performance was assessed by
solving it through the creation of various scenarios.
These scenarios involved altering the number of
warehouses to be opened and adjusting their
capacities. The resulting outcomes were then
compared and analyzed.

4.1. Determining The Number of DLWs with the

Cluster Coverage Model (Kiime Kaplama Modeli
ile DLW Sayisinin Belirlenmesi)

The study utilized two-stage cluster coverage and p-
median models to identify the optimal places for
establishing DLWs in the non-central districts of
Ankara. The initial phase involved determining the
optimal number of DLWSs to be established in the
non-central districts of Ankara using the cluster
coverage model. In creating the model, two
coverage limits were determined since urban and
extra-urban speed limits are different. With the aim
of sending the product between districts within 2
hours, the coverage distance between districts has
been determined as 100 km. The coverage distance
was determined as 300 km, with the aim of
transporting emergency equipment from districts to
neighboring provinces in approximately 4 hours.

As seen in Table 2, Ankara has 16 off-center
districts, and the study tried to determine in which
districts the DLWs should be opened, taking into
account the 100 km coverage distance. In addition,
15 provinces located 300 km away from Ankara
were determined and it was aimed to provide service
to these provinces from the disaster logistics
warehouses opened. The cluster coverage approach
was employed to ascertain the precise placement of
DLWs in districts that are not centrally located. The
objective of the model is to provide assistance to the
districts within a maximum of 2 hours, with a
coverage distance of 100 km. Additionally, the
purpose is to offer aid to the bordering provinces
within a maximum of 4 hours, with a coverage
distance of 300 km. The "Distance from District to
District" module on the website of the General
Directorate of Highways was used to determine the
distance Dbetween provinces/districts [47]. In
addition, costs such as station opening costs,
installation costs, and warehouse costs were not
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taken into account in the developed model. The data
was utilized to encode the model into the GAMS
24.1.3 program and subsequently solved using the
CPLEX solver. As a result of the calculation, it was
determined that these regions could be served with
a minimum of 5 warehouses, and it was found that
the warehouses should be established in Beypazari,
Elmadag, Evren, Giidiil and Haymana districts.

Table 2. Population and earthquake risks of the
provinces/districts (il/ilgelerin niifus ve deprem riskleri)

Provinces/District | Population | Earthquake
Risk
Akyurt 40625 3
Ayas 12998 4
Bala 20521 2
Beypazari 48357 3
Camlidere 8100 1
Cubuk 95449 3
Elmadag 44379 2
Evren 2952 1
Gidil 8079 3
Haymana 26016 4
Kahramankazan 59123 3
Kalecik 12794 3
Kizilcahamam 26872 2
Nallihan 26553 2
Polath 128378 4
Sereflikoghisar 33140 2
Eskisehir 906617 3
Sakarya 1080080 1
Diizce 405131 1
Bolu 320824 1
Kirikkale 277046 3
Kirsehir 244519 3
Cankiri 196766 1
Kastamonu 378115 1
Karabiik 252058 1
Afyonkarahisar 747555 2
Konya 2296347 4
Aksaray 433055 4
Nevsehir 310011 3
Yozgat 418442 3
Corum 524130 3

In the first part of the study, the minimum number
of DLWs that should be opened according to the
determined coverage distances was determined with
the cluster coverage model. However, with this
model, the cities and districts to be assigned to
warehouses could not be determined. The cities and
districts to be assigned to the warehouses and the
amount of population living in these places are of
great importance in determining the capacity of the
warehouses. Hence, in the latter phase of the
investigation, the allocation of cities and districts to

the warehouses was attempted to be decided using
the utilization of the p-median model.
Subsequently, an attempt was made to determine the
locations for establishing the warehouses using the
capacitated p-median model.

4.2. Determination of Districts DLWs Be
Opened (DLW’lerin Agilacag ilgelerin Belirlenmesi)

ri: earthquake risk of i province/district
ci: population of province/district i
Qj: J disaster logistics warehouse capacity

Si: Ratio of disaster-affected victims to the
population

m n 1
minz = ZZCl;dqu (9)
4

i=1j=1

With the objective function given in Eq 9, it is
aimed to assign provinces and districts to
warehouses in a way that minimizes the product of
distance, earthquake risk and population
components served from the warehouse. At this
stage, the capacity of the facilities was assumed to
be unlimited and no capacity constraint was added
to the model. The mathematical model created is
GAMS 24.3.1. It was coded in the program and
solved with the help of CPLEX solver. Since it was
found that a minimum of 5 DLWSs should be
established in the model solved with cluster
coverage. At this time, the decision was made to
open 5 (p) warehouses. The table provided, Table 3,
lists the DLWs that need to be established based on
the solution to the p-median problem. This solution
considers factors such as population, distance, and
earthquake risk. The table also specifies the cities
and districts that will be assigned to each of these
warehouses.
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Table 3. Provinces/Districts assigned to DLWs
(DLW’lere atanan il ve ilgeler)

DLW Province/Districts
Assigned to DLW
Akyurt

Bala

Cubuk
Elmadag
Kalecik
Kirikkale
Cankiri
Kastamonu
Yozgat

Corum
Camlidere
Gidiil
Kahramankazan
Kizilcahamam
Karabiik
Beypazari
Nallithan
Eskisehir
Sakarya

Diizce

Bolu

Ayas

Haymana
Polathi
Afyonkarahisar
Evren
Sereflikoghisar
Kirsehir
Aksaray
Nevsehir

Kalecik

Kizilcahamam

Nallithan

Polathi

Sereflikoghisar

Planning before the disaster how many people can
be served from DLWs after any disaster will make
disaster management more effective. Therefore,
determining the capacities of DLWs is of great
importance. The magnitude of the disaster's impact
on individuals directly influences the capability of
DLWSs. The study considered the population
assigned to the warehouse while deciding where to
place DLWs in order to ensure efficient disaster
management. In the study, it was assumed that 10%
of the population of the province or district was
affected by the disaster and aid would be sent to
these disaster victims. It is assumed that the
capacities of the warehouses are equal and that aid
can be sent to 250000 people from one facility and
5 DLWs will be opened. Taking these assumptions
into consideration, Eq.10 constraint was added and
the model was solved again.

inj*ci*SiSQj*}’j vj (10)

j

In the model solved by taking into account the
capacities of the facilities, it was determined that
there were changes in both the DLWs opened and
the cities and districts assigned to these warehouses.
The districts where DLWs were opened and the
cities and districts assigned to these warehouses are
given in Table 4.

Table 4. Provinces/Districts assigned to DLWs
with capacited p-median model (Kapasitelendirilmis P-
medyan modeli ile DLW’lere atanan il ve ilgeler)

DLWs

Province/Districts
Assigned to DLW
Evren

Kirsehir
Aksaray
Nevsehir
Yozgat

Akyurt

Bala

Cubuk
Elmadag
Kalecik
Kirikkale
Cankir1
Kastamonu
Corum
Beypazari
Gudil

Nallithan
Sakarya

Diizce

Bolu

Karabiik

Ayas
Camlidere
Haymana
Kahramankazan
Kizilcahamam
Polath
Eskisehir
Afyonkarahisar
Sereflikoghisar
Konya

Evren

Kalecik

Nallithan

Polath

Sereflikoghisar

The computations revealed that the capacitated p-
median problem yielded different outcomes
compared to the uncapacitated p-median problem.
In the solution of the capacitated p-median model,
it was determined that DLWs should be established
in  Evren, Kalecik, Nallihan, Polath and
Sereflikoghisar districts, and as seen in Table 3, it
was determined that there were changes in the
provinces and districts assigned to these DLWs.
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4.3. Sensitivity Analysis (Duyarlilik Analizi)

This part aims to assess the efficacy of the model by
generating various situations. The initial phase of
the study aimed to assess the impact of varying the
number of DLWSs on the objective function. This
was done using a capacity-free p-median model,

706000000
704000000
702000000
700000000
698000000
696000000
694000000
692000000
690000000
688000000
686000000

703700701

698284401

7

which is commonly employed to estimate the
optimal sites for DLWSs. Therefore, the model was
recoded and solved with different warehouse
numbers and the results obtained are discussed in
this section. Figure 1 was generated to establish the
correlation between the quantity of DLWs and the
objective function.

696206522

6942454304

693354656
692897430

8 9 10

Objective Function

Figure 1. Relationship between the change in the number of DLWs and the objective function (DLW
sayisindaki degisim ile amag fonksiyonu arasindaki iligki)

It will be more costly due to reasons such as opening
more DLWs, renting more buildings for these
warehouses, and employing more personnel.
Nevertheless, as the number of warehouses grows,
in the event of a catastrophe, the provinces and
districts to be assisted will be allocated to
warehouses that are in close proximity to one
another. Figure 1 examines the impact of altering
the number of warehouses on the goal function.
Upon analyzing Figure 1, it becomes evident that
the objective function value decreases as the
number of DLWSs assigned to service disaster
victims grows. Consequently, it has been
established that as the quantity of opened
warehouses rises, there is a decline in the value of
the objective function, which considers earthquake
risk, population, and distance.

In the second phase of the study, a capacitated p-
median model was established. By solving this
model, the provinces suitable for establishing
warehouses were identified, along with the
provinces and districts that would be allotted to each
of these provinces. Therefore, in this part of the
study, sensitivity analysis was performed for the

capacitated p-median model. The initial phase of the
study aimed to ascertain the impact of altering
storage capacities on the model. In the study, it was
assumed that 10% of the population in a province or
district was affected by the disaster and needed
assistance and that aid would be delivered to these
people. In the model, it is assumed that the number
of DLWs opened is 5 and that aid will initially be
delivered to 250,000 people from this warehouse.
To assess the impact of the change in warehouse
capacity on the model, the warehouse capacity was
augmented in each trial to accommodate an
additional 50,000 individuals. Figure 2 was created
with the results obtained from the calculations made
for DLWs with different capacities. The
calculations reveal that the objective function value
declines when the warehouse capacity is raised,
reaching a minimum at 350,000 people. It has been
established that increasing the DLW capacity to
service more than 350,000 individuals does not have
any impact on the objective function value.
Accordingly, it has been determined that the lowest
cost is achieved when the warehouse capacity is
increased to serve 350000 people.
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Objective Function

Figure 2. Relationship between the change in the capacity of the DLW and the objective function (DLW
kapasitesindeki degisim ile amag fonksiyon arasindaki iligki)

Ultimately, this part aims to ascertain the impact of
altering the number of warehouses on the model in
the capacitated p-median problem. In the problem,
the warehouse capacity was taken as 250000 and it
was solved by changing the number of warehouses
between 5 and 10. Figure 3 was created with the
results obtained. Upon analyzing Figure 3, it
becomes evident that the goal function attained its
minimum value in the problem that was addressed

735000000
730000000
725000000
720000000
715000000
710000000
705000000
700000000
695000000
690000000
685000000
680000000

using 7 warehouses. The highest objective function
values are achieved when the number of DLWs
opened is 5 and 6, respectively. While the goal
function generally decreases as more warehouses
are created, it is important to note that the smallest
value is achieved when 7 warehouses are opened. In
this case, it can be said that when 7 DLWs were
opened, optimum service was provided to
neighboring provinces and districts.

8 9 10

Objective Function

Figure 2. Relationship Between the change in the number of DLWSs and the objective function (DLW
sayisindaki degisim ile amag fonksiyonu arasindaki iligki)
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This section aims to assess the influence of the
proposed models on various scenarios. In order to
achieve this objective, the study analyzed the impact
of altering the number of warehouses in the p-
median model. It has been established that there is
an inverse relationship between the number of
warehouses and the value of the objective function.
The capacitated p-median model, employed in the
second stage of the investigation, was solved by
altering the number of warehouses and their
respective capacities. Subsequently, the obtained
results were compared. It has been established that
the objective function value decreases as the
warehouse capacity increases, but only up to a
particular capacity of 350000.

5. CONCLUSIONS (SONUCLAR)

Disasters are nature, technological or human-
induced events that occur at unexpected times and
cause economic, social and physical losses for all or
part of the society. Although it is very difficult to
predict disasters in advance, their effects can be
minimized by taking precautions before the disaster.
In taking these measures, it is necessary to
determine in advance which disasters occur most in
those regions and how many people they may affect.
Activities carried out before disasters to minimize
the damages that may occur due to disasters are
defined as disaster logistics. Disaster logistics
includes many activities such as planning, storage,
location selection, distribution and control.
Accurately identifying the whereabouts of DLWs is
crucial for promptly distributing the necessary
supplies following a calamity. Hence, the study
focused on the issue of selecting suitable locations
for DLWs, which are efficient in promptly
providing assistance to victims of disasters.

Upon reviewing the literature on DLW location
selection, it becomes evident that researchers are
focused on constructing DLWs in urban
metropolitan centers. However, the
Kahramanmaras earthquakes that occurred on
February 6, 2024 showed how important the aid
from surrounding provinces is. Thus, this study
aimed to investigate the issue of identifying the
specific locations for DLWs to be created in 16
districts located outside the central area of Ankara.
With the DLWs to be opened, it is aimed to quickly
deliver aid to the surrounding provinces in case of a
disaster. Hence, the study aimed to ascertain the
optimal quantity of warehouses to be created in the
districts surrounding Ankara, as well as the strategic
locations for these facilities, with the primary

objective of expediting the distribution of help to
nearby provinces.

In the literature, it is seen that maximum coverage,
cluster coverage, p-median, p-center models are
mostly used in warehouse location selection. This
study utilized a mix of the cluster coverage model
and p-median models to ascertain the optimal
number of DLWs needed in the non-central districts
of Ankara, as well as the precise locations for these
warehouses. The study consists of four stages. In the
first stage of the study, the cluster coverage model
was used to determine the minimum number of
DLWs that should be opened in the non-central
districts of Ankara. In the created model, the
coverage distance to serve neighboring districts was
taken as 100 km, and the coverage distance to serve
neighboring provinces was taken as 300 km and the
model was solved. With the solution of the cluster
coverage model, it was determined that a minimum
of 5 DLWs should be established in sixteen off-
center districts of Ankara. The input for the p-
median model was the minimal number of
warehouses required to cover a cluster of 5 units. In
the p-median model, the number of warehouses to
be opened was taken as 5, and in the objective
function, the distances between warehouses and
provinces and districts, as well as the population of
the provinces and districts and earthquake risks
were taken into account. Based on the calculations,
it was concluded that in order to minimize the
objective function, it is necessary to open 5
warehouses in the districts of Kalecik,
Kizilcahamam, Nallihan, Polatl, and
Sereflikoghisar. In addition, the results obtained
also determined which provinces and districts
would be assigned to the warehouses. In the next
stage of the study, the model was solved again by
adding the capacity constraint for each warehouse
to the p-median model, and it was observed that
there were changes in the districts where the
warehouses would be opened (Kalecik, Kalecik,
Nallthan, Polatli, and Sereflikoghisar) and the
provinces and districts assigned to these
warehouses. The capacitated p-median model
highlights the importance of locating warehouses in
close proximity to densely populated cities.

The final phase of the study involved evaluating the
efficacy of the p-median and capacitated p-median
models by modifying the parameters employed. The
model was re-solved by modifying the number of
warehouses in the p-median model utilized in the
initial stage. It was observed that the objective
function value enhanced with an increase in the
number of opened warehouses. The second section
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of the sensitivity analysis focused on evaluating the
impact of altering the warehouse capacity and the
number of warehouses on the model in the
capacitated p - median problem. It has been
determined that the increase in warehouse capacity
reduces the objective function up to a certain point,
and then does not affect the objective function
value. Empirical evidence suggests that the
objective function tends to improve with an increase
in the number of warehouses. However, the ideal
outcome is obtained by opening precisely seven
DLWs.

In this study, the locations of DLWs to be opened in
the non-central districts of Ankara and the locations
of the cities and districts to be assigned to the DLWs
were tried to be determined. In the study, unlike the
literature, the locations of the warehouses to be
established in non-central districts were tried to be
determined and cluster coverage and p-median and
capacitated p-median models were used in location
selection. In the study, the costs of opening
warehouses and the costs of transporting materials
from warehouses to provinces and districts were not
taken into account. In future studies, the objective
function can be improved by taking these costs into
account. In future studies, p-center and maximum
coverage models can be used for DLW location
selection. Additionally, the effect of traffic in city
centers can be included in the model when creating
coverage areas. In this study, pre-disaster planning
activities are discussed. In future studies, studies on
activities during and after disasters can also be
addressed.
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