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ABSTRACT

Disasters adversely affect human life. Many people face sheltering problems after disasters.
Temporary shelter areas are very important in terms of meeting people's post-disaster sheltering
needs. In this study, it was aimed to determine temporary shelter areas in the city center of Burdur.
The AHP (Analytic Hierarchy Process) method was used to determine temporary shelter areas.
According to certain criteria and spatial standards, six temporary shelter areas were determined in
the city center of Burdur, and their adequacy was tested. Temporary shelters are located in urban
open and green lands. Temporary shelter areas determined under today's conditions are adequate.
However, it is predicted that temporary shelter areas will be inadequate in the upcoming process.
Some recommendations were made about the problems and the path to be followed in the upcoming
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process. These recommendations will be useful for the post-disaster process.
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Introduction

Urbanization is gradually increasing (Pickett et al.,
2008; Ramalho and Hobbs, 2012; Cetin, 2020), and
nowadays, 55% of the world population lives in cities, and
this ratio is estimated to increase gradually (UN, 2018).
Along with the effect of population increase and
globalization, cities further lose their resistance to natural
disasters (Desouza, 2013). In this disaster causes to the
effects of some natural resources such as water quality as
weel as chosing the place (Mutlu and Giizel, 2019; Emin et
al., 2020). In natural disasters that took place in the world
between 2000 and 2020, while the loss of life increased by
2.5%, the number of people affected increased by 21%, and
economic damage increased by 67% compared to years
1980-1999 (EM-DAT, 2021).

After disasters, many people are adversely affected. For
example, they become homeless. People whose houses are
destroyed or damaged and who have to leave their living
area mostly face sheltering problems (Tanyas et al., 2013).
Pre-determined safe areas should be reserved as temporary
shelter areas for disaster victims (Ozbay et al., 2019). Urban
open and green lands are important for the quality of life of
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people in cities (La Rosa, 2014; Mougiakou and Photis,
2014) and also serve as temporary shelter areas for people
after an earthquake (Allan and Bryant, 2011; Anhorn and
Khazai, 2015; Zhu et al., 2016). Furthermore, disaster
resilience in relation to the environmental, social, and
economic sustainability of urban open and green lands takes
an important place in the literature (Jayakody et al., 2018).
While planning urban open and green lands suitable for post-
disaster use, it is necessary to meet the access, quality, and
safety criteria (Li et al., 2013; Kir¢in et al., 2017).

In the literature, different methods were adopted for the
determination of open and green lands to be used as
temporary shelter areas after disasters. The AHP (Analytic
Hierarchy Process) method (Turgut et al., 2011; Napi and
Souza, 2015; Nappi et al., 2019; Gokgoz et al., 2020; Kim
et al., 2020), one of the multi-criteria decision-making
methods (MCDM), and the methods used by integrating
AHP into GIS (Geographic Information Systems) (Sentiirk
and Erener; 2017; Junian and Azizifar, 2018; Jahangiri et
al.,, 2019) are currently used by researchers for the
determination and evaluation of temporary shelter areas.
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There are 56 emergency assembly areas determined in the
city center of Burdur (AFAD, 2021). In their study,
Agikkutlu et al. (2021) examined the adequacy of the
existing emergency assembly areas in the city center of
Burdur. Nevertheless, the location and adequacy of
temporary shelter areas, which are of great importance
after disasters, are still uncertain.

The aim of this study was to determine temporary
shelter areas to be used in case of a possible disaster in the
city center of Burdur and to test their adequacy. In this
context, seven basic criteria and spatial standards in the
literature were mentioned in the location selection of
temporary shelter areas. Temporary shelter areas were
determined by considering the mentioned criteria and

spatial standards, the adequacy of the use of open and green
lands in the city center of Burdur as temporary shelter areas
was tested, and some recommendations were made.

Materials and Methods

The city center of Burdur constituted the study area.
The city center of Burdur is located between 30° 11' - 30°
21" east longitudes and 37° 41' - 37° 46' north latitudes
(Figure 1). Burdur is surrounded by Isparta in the east,
Denizli in the west, Afyonkarahisar in the north, and
Antalya in the south. The city center consists of 35
neighborhoods and has a population of 92670 (TUIK,
2020).
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Figure 1. Study Area

The literature was comprehensively reviewed for the
location selection of temporary shelter areas. As a result of
the review, many location selection suitability criteria were
determined from the relevant sources. The criteria
determined were adapted to the city center of Burdur.
According to the classification range, the criteria were
scored as 5 “Very Suitable,” 4 “Suitable,” 3 “Moderately
Suitable,” 2 “Unsuitable,” and 1 “Highly Unsuitable”
(Table 2).

The AHP method, one of the multi-criteria decision-
making methods, was used in the determination of criteria
weights (Saaty, 1980; Saaty, 1987). The analytic hierarchy
process is one of the techniques that are used to make
decisions in the solution of complex problems involving
different factors (Saaty, 1980; Dou et al., 2017) and also
combine qualitative and quantitative analysis in the
solution of these problems (Kordi et al., 2012). The AHP

method was applied in accordance with the following
process.

The pairwise comparison matrix (A) was created as in
Equation 1 to determine the significance of the criteria
(Hoang et al., 2018). The pairwise comparison scale
indicated in Table 1 was used for the comparison of
criteria. According to Hoang et al. (2018), this scale
enables converting qualitative and quantitative elements
into numerical values.
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Table 1. Pairwise Comparison Scale (Saaty, 1980; Hoang
etal., 2018)

Value of importance

Definition

1 Equal importance

3 Moderate importance

5 Strong importance

7 Very strong importance
9

2

Extreme importance
Intermediate values

14!618

Table 2. Basic location selection suitability criteria and
criteria weights for temporary shelter areas*

Criteria Classification Score CriFeria
Range Weights
<1000 m 5
Distance to 1000-1500 m 4
health facilities 1500-2000 m 3 37%
and fire stations 2000-2500 m 2
>2500 m 1
Distance _to >500 m 5 15%
flood regions <500 m 1
Dlst_ance to. >100m 5 14%
fueling stations <100 m 1
>1500 m 5
. 1000-1500m 4
ﬁﬁ?f”cetOfa“” 500-1000 m 3 15%
250-500 m 2
<250 m 1
<1000 m 5
Distance to 1000-1500 m 4
emergency 1500-2000 m 3 8%
assembly areas 2000-2500 m 2
>2500 m 1
Distance to <500 m 5
main roads 500-1500 m 3 8%
>1500 m 1
2-4 % 5
::g;e of the AT%ve02% 3 3%
>7 % 1

CI=0.10; RI=1.32; Amax = 7.59; CR=0.07<0.10 |
*(UNHCR, 2007; Baradran-Shoraka, 2009; Liu et al., 2011; Anhorn and
Khazai, 2015; Kilci et al., 2015; Taylor et al., 2016; Unal and Uslu, 2016;
Deliry and Uyguggil, 2020)

The calculation of criteria weights is the next step after
the pairwise comparison matrix is created. The eigenvector
method of Saaty in Equation 2, which is the best method
(Hurley, 2001), was used for the calculation of criteria
weights (Ramadhan et al., 1999).

Wiziz:j:l - ] )

i=13ij

AHP allows a certain degree of inconsistency in data.
The consistency of the comparison matrix is determined by
the CR (consistency ratio) and calculated using Equation 3.
The CR must be <0.10 so that the comparison matrix can
be applied. Cl and RI refer to consistency index and
random index, respectively. When there are 7 criteria, RI
takes the value of =1.32 (Saaty, 1980). The criteria weights
determined are presented in Table 2. Since the CR value

was 0.07<0.10, the criteria weights determined were
applied in the location selection.

_a
CR=C 3)

In the pairwise comparison matrix, the CI for the
criterion n is calculated as follows (Equation 4) (Saaty,
1980).

_ Mmaxn
Cl==22 4)
While calculating the CI value, the Amax value in the
formula is calculated using the following formula (Peng
and Dai, 2009).

1 (AW);
A max_ 0 Z?zl Tl (5)

The distances of location selection suitability criteria
were calculated by performing buffer analysis in ArcMap
10.8 program. For the buffer analysis, main roads, health
and fire facilities, flood risk streams and fueling stations
(Anonymous, 2020a), fault lines (MTA, 2020) and
emergency assembly areas (AFAD, 2020) were determined
and digitized. The contour lines spaced 25 meters apart
(Anonymous, 2020b) were used to calculate the slope of
the area. The “WGS84 UTM Zone 35” coordinate system
was used in the study.

The weighted location selection suitability map was
obtained by overlaying the maps obtained by performing
buffer analysis and calculating the slope of the area using
the “Weighted Overlay” tool in the ArcMap 10.8 program.
An area of 20000 m? as the spatial standard and an area size
of 2 m? (Zhu et al., 2016) were taken as a basis for
temporary shelter areas. Based on the weighted location
selection suitability map and spatial standards, location
selection was performed for temporary shelter areas, and
their adequacy was tested.

Results and Discussion

The classified location selection suitability maps and the
weighted location selection suitability map belonging to 7
basic criteria used in the location selection of temporary
shelter areas are presented in Figure 2. In the criteria
classified according to the figure, very suitable and
moderately suitable classes were predominant. In the map
overlaying procedure performed by considering the criteria
weights for the determination of temporary shelter areas, it
was determined that the city center of Burdur mostly
included suitable and moderately suitable areas (Figure 2h).

The class sizes in the weighted location selection
suitability map are presented in Table 3. According to the
table, “Suitable Class” had the most area (1898.43 ha). This
value corresponds to 68.1% of the area size of the city
center of Burdur. The Suitable Class was followed by the
“Moderately Suitable Class” with 729.64 ha (26.2%).
“Unsuitable Classes” (Unsuitable, Highly Unsuitable) had
the lowest value with 33.43 ha (1.2%).
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Figure 2. Suitability maps (a) distance to emergency assembly areas, (b) distance to main roads, (c) distance to fueling
stations, (d) slope of the area, (e) distance to fault lines, (f) distance to health facilities and fire stations, (g) distance to
flood regions, (h) weighted location selection
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Figure 3. Map of the temporary shelter areas determined
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Table 3. Class sizes in the weighted location selection suitability map

Class Area (ha) Area (%)
Very Suitable 124.62 4.5
Suitable 1898.43 68.1
Moderately Suitable 729.64 26.1
Unsuitable 33.43 1.2
Highly Unsuitable 0
Total 2786.12 100
Table 4. Location and area sizes of the determined temporary shelter areas
Neighborhoods No Location Area (m?)
Armagan lci 1 37°43'23”N -30° 15' 13”E 28049.37
2 37°43'20"N —30° 15' 29”E 20979.47
Atatiirk 1 37°42'26”N —30° 13' 23”E 108977.00
Aydinlikevler 1 37°44'21”N - 30° 18' 22”E 35047.18
Burg 1 37°43'12”N - 30° 16'43”E 33452.39
Emek 1 37°42' 58”N —-30° 15' 20”E 64505.30
Urban Center (Total) 6 291010.7

Table 5. Population of the city center of Burdur between 2014-2019, population forecast between 2020-2025, and

temporary shelter area per person

2014-2019 Population (TUIK, 2020) 2020-2025 Population Forecast Estimation of
Years Population Growth Rate Years Population Growth Rate Temporary Shelter
(%) (%) Areas (m?)
2014 75460 - 2020 96377 4 3.02
2015 78331 3.67 2021 100232 4 2.90
2016 81559 3.96 2022 104241 4 2.79
2017 85312 4.40 2023 108411 4 2.68
2018 90303 5.53 2024 112747 4 2.58
2019 92670 2.55 2025 117257 4 2.48

Based on the weighted location selection suitability
map, spatial standards and zoning plan, six urban open and
green lands in the city center of Burdur were determined as
temporary shelter areas through the satellite image
(Landsat 8). All of the selected temporary shelter areas are
located in the areas in the suitable class (Figure 3).

In this study, only public open and green lands (park,
playground, market place, sport lands, squares, etc.) were
used in the selection of temporary shelter areas. The area
selection was quite difficult while determining temporary
shelter areas, and selection could be performed only in 6
areas, the reasons for which were an unsuitable area size of
open green lands in the city center, highly fragmented open
green lands, and construction and agricultural activities in
the areas specified as open green lands (park, playground,
etc.) in the zoning plan.

Furthermore, the service radius was not taken into
account while determining temporary shelter areas in this
study. As the first activity during disasters, people gather
in emergency assembly areas (Gerdan and Sen, 2019).
Then, people are evacuated from emergency assembly
areas to temporary shelter areas (Cimar et al., 2018).
Therefore, the location selection in temporary shelter areas
was based on their proximity to emergency assembly areas
rather than the service radius.

The location and area sizes of the determined
temporary shelter areas are presented in Table 4. Armagan
flci was the neighborhood with the highest number of
temporary shelter areas (2). Nevertheless, in terms of the
size of the area, the largest temporary shelter area was
selected in Atatiirk neighborhood. Six temporary shelter

areas with a total size of 291010.70 m? were determined in
the city center of Burdur. According to the temporary
shelter areas determined, there was an area of 3.14 m?
(291010.7 m?/92670 people) per person in the city center
of Burdur. This ratio is adequate, as stated in the literature.

The population of the city center of Burdur between
2014-2019, population forecast between 2020-2025, and
the estimation of temporary shelter areas per person
between 2020-2025 are presented in Table 5. The
population growth rate between 2020-2025 was obtained
by taking the average of the increase between 2014-2019.
According to this table, temporary shelter areas determined
in parallel with the population growth rate are under the
threat of being inadequate in the upcoming process.

Conclusion

Temporary shelter areas are usually established after
the occurrence of disasters. In the chaos that occurs after a
disaster, the selection of suitable areas for temporary
shelter areas will be difficult and will delay the aids.
Therefore, location selections should be made for
temporary shelter areas before disasters. In this study, it
was indicated that six urban open and green lands as
temporary shelter areas in the city center of Burdur were
suitable for location selection. In the specified areas,
infrastructure service (electricity, water, etc.) should
always be available in case of a potential disaster.

Open and green lands in the city center of Burdur are
currently adequate to be used as temporary shelter areas.
However, if open and green lands that can be used as
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temporary shelter areas are not increased depending on the
population growth rate in the upcoming periods, temporary
shelter areas will be inadequate. Urban open and green
lands that can be used as temporary shelter areas should be
increased. Furthermore, it is predicted that open and green
lands will be lost, fragmented and cannot be created
according to the current planning approach in parallel with
the population growth in the future. Local administrations
should change the current planning approach and adopt an
understanding of the creation of urban open and green
lands that can be used as temporary shelter areas.

In this study, the actions to be taken to be prepared
against disasters that may occur in the city of Burdur were
indicated. The measures mentioned may create a
framework for local administrations. It is thought that the
consideration of the specified recommendations will
contribute to the reduction of loss of life, rapid delivery of
aid and prevention of chaos in the city center of Burdur.
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