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Abstract

Aim:The aim of this study was to determine the vulnerability levels of Turkey in terms of natural disasters and to guide decision makers and strategists in this
field. In the study, disaster data obtained for 1987-2011 were used, and the disaster of type was most observed in our country.

Materials and Methods: Data vulnerability indices against the disasters were calculated using a Data Envelopment Analysis Program (DEAP) 2.1 program
with a Data envelopment analysis-based output-oriented Malmquist Total Factor Productivity Index method.

Results: The regions of Turkey, which have the highest vulnerability index for the disasters, were TRA2 (0.323), TRB2 (0.305), and TRB1 (0.287) regions. In
addition, it was seen that in the Black Sea region, the TR82 (0.267) region was more vulnerable than the other places of the region. In this study, a picture of

the whole country over a period of 25 years in terms of disasters was captured.

Conclusion: In the picture, it is seen that economic and social costs endured due to disasters are separated into two regions starting from the region of
Eastern Anatolia and the north branch extends across the Black Sea region and the other south branch reaches to the Mediterranean.
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Introduction

Millions of people are affected by the disasters arising annually
due to natural and man-made situations in our country and in the
world. Many losses of lives and injuries are seen and thus an eco-
nomic loss of billions of dollars arises. In addition, the disasters affect
infrastructures and superstructures of countries and interrupt the
transportation, communication, and education and health services
at different levels (1). According to the publication prepared by the
Department of Disaster Investigation and Damage Assessment affili-
ated to Ministry of Public Works and Settlement, General Directorate
of Disaster Affairs from 1950 to 2008, percentages of the numbers
of affected people based on disaster types in our country were as
follows: 55% for earthquake; 21% for landslide; 8% for flood and in-

undation; 7% for rock fall; 2% for avalanche; 4% for more than one
disaster type (such as both landslide and inundation); and 3% fire,
geo-medical problems, cave collapses, storm, twister, etc.

The percentage distribution of the disasters in our country is as
follows: 45% for landslide, 18% for earthquake, 14% for flood inunda-
tion, 10% rock fall, 2% for avalanche, 7% for multiple disasters, and
4% for other disasters. In addition, 43.75% of accommodation units
(province, town centers, town, city, and villages) of our country have
been exposed to at least one disaster type.

In contrast, Erzurum, Bingdl, Trabzon, Rize, Tunceli, Kastamonu,
Erzincan, Malatya, Artvin, and Sivas rank first in terms of disaster
number, whereas Kocaeli, Bingdl, Erzurum, Sakarya, Van, Diizce, Yalo-
va, Adana, Mus, and Diyarbakir occupy the top in terms of disaster
victim number (2).
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In addition, when the archived records of T.R. Red Crescent
Society and disaster data of Turkey Disaster Data Bank (TDDB) ob-
tained for 1980-2012 were reviewed, an earthquake was noted ev-
ery 7 months on an average, flood every 2 months, landslide every 4
months, and fire disaster every 4 months in our country according to
disaster criteria of Emergency Events Database (EMDAT) and Centre
for Research on the Epidemiology of Disasters (CRED; observing at
least one of the following conditions: at least >10 deaths, existence
of 100 or more affected people, and exception reporting or interna-
tional call for aid). Moreover, according to the studies, the disaster
numbers in our country tended to increase, whereas this increase
was more apparent after 2000 (3).

Disasters cause the gross domestic product (GDP), consumption,
and fortune to decrease by economically reducing the capital stock
and production efficiency of capital in a global and national sense
(4). For example in Belize, a country in Central America, the loss that
arose from two hurricanes occurred in 2000 and 2001 correspond-
ed to 33% (280 million dollars) and 30% (250 million dollars) of GDP,
respectively. Thus, the financial status of the country worsened, and
a reconstruction operation was needed for public debt in 2006 (5).
According to a study that investigated the effects of disruptive disas-
ters occurring in 196 countries between 1970 and 2008 on GDP, these
disasters led to about 2.3% decrease on the output both in the short
and long term (6).

In our country, total economic loss arising from Kocaeli and
Diizce earthquakes in 1999, and Van earthquake in 2011 was 22.5
million dollars. The Marmara earthquakes in 1999 resulted in an esti-
mated decrease in GDP to 6.1% (7).

From a global perspective, according to “Global Disaster
Hotspots” conducted using EMDAT database, i.e., according to the
determination of risky regions worldwide in terms of disasters, the
Anatolia geography in Turkey is among the most risky regions for
losses arising from earthquake, flood, drought, and storm disasters
(Figure 1).

It is not possible to completely eliminate the disasters. There-
fore, it is important that some risks are determined to be prepared
for disasters, and accordingly, some measures are taken. Therefore,
48% of a source of 4.4 billion dollars, which was created by Interna-
tional Federation of Red Cross and Red Crescent Societies (IFRC),
World Vision International, International Committee of the Red
Cross, and World Food Programme are used for charities, whereas
52% thereof are used for predisaster precaution and charity pro-
grams (8).

Heavy losses that arose from the Marmara earthquake in
1999 in our country revealed our deficiencies about education,
preparedness, planning, and damage reduction related to disas-
ters and disaster management (9). After these disasters, an inter-
vention-based crisis management has been transformed to a pre-
paredness-based risk management in the disaster management
in our country.

Risk is defined as potential losses that may be incurred based
on the damage the elements under danger in the region will endure
in the case that any danger is occurred in a particular location at a
given time.

Vulnerability is defined as a degree of possible loss of life,
injury, damage, destruction, loss, and harm, which may be en-
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Figure 1. Map Sample for Global Disaster Hotspots Project

Reference: Westen Cv, Alkema D, Damen M, Kerle N, Kingma N. 2011. Multi-hazard risk assessment: Distance education course Guide book, United Nations University. Tokyo.
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countered by the society in the case that a potential disaster
occurs (10). Specifically, vulnerability is the level of resistance
against a disaster. Vulnerability is a phenomenon that may be
used in a large field and at different levels. Vulnerability is also
considered an environmental hazard, while it is considered as a
common product of fragility, security flaw, exposure, and stress.
This term has been revealed as a set of terms, such as overlapping
sensitiveness, resistance, flexibility, marginality, fragility, and se-
curity flaw. O'Keefe (1976) first used the term “vulnerability” with
respect to the disasters, while investigating the key role played
by the effects of excess geophysical events, rescue, and socioeco-
nomic factors, which led to an intervention failure (11). In the late
1980s and in the early 1990s, two conceptual models were devel-
oped to offer a frame for the disaster managers to understand the
vulnerability against disasters and reduce it. The first one is a ca-
pacity and vulnerability analysis and the second one is a pressure
and release model (12). Although the vulnerability is differently
perceived by different people, factors and components thereof
are classified differently (13). The concept of vulnerability in this
study was used as a measurement of resistance capacity of dif-
ferent regions having different economies and disaster reasons
against the disasters.

The aim of the vulnerability analysis was to define a suit-
able activity that can reduce the vulnerability before a dam-
age arising from the potential dangers occurs (14). One of the
biggest benefits of vulnerability analysis for different regions
is to guide the policy implementers of the government for dis-
tributing relief funds to be obtained for these regions and to
improve the capacities of these regions to resist against the
disasters (11). Vulnerability may be expressed in different ways
by performing a vulnerability analysis, such as vulnerability
indices, vulnerability curves, fragility curves, and vulnerability
tables (15).

A literature review indicated that various studies have been
conducted using the Data Envelopment Analysis (DEA) meth-
od. For natural disasters in 31 regions of China, effect indices
and regional vulnerability indices were obtained using the DEA
method in 2004 (11). In this study, DEA and regional vulnera-
bility indices were calculated using economic and social costs
experienced in a period of quarter century in Turkey. Thus, the
objective of the study was to obtain vulnerability indices of
different regions for the disasters socially and economically in
Turkey as part of disaster preparedness and risk management.
Thereby, another objective of the study was to guide decision
makers, policymakers, strategists, and implementers working in
the field.

A DEA-Based Model for Evaluating Relative Effect Intensity

of Natural Disasters

Features of decision-making units (DMUs) are combined and
a “virtual” DMU or region is created using this method to visual-
ize the DMUs. The weights to be used for visualizing the DMUs
are selected such that an efficiency value for these units (or a
disaster effect index) is maximized. There is a relevant linear pro-
gramming model for each region considered, as in the following
(16):

Minimize Q (i) subject to,

n
D=7 )

=1

n
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=1

n
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Where in %' (i) indicates GDP of it region; ¥ (i) indicates total popu-
lation of it region (i=1,2....,n); y' (i) indicates total economic loss of it" re-
gion arising from the disasters; and y? (i) indicates total population of it"
region affected by the disasters. In addition , is the evaluated region; X (i)
(i=1,2,...,n)is the evaluated region; and i ™ region is the weight of i region.

Subsequently, O (i,) shows relative intensity of the disaster for
the region i. This value is always Q (i) < 1 and if O (i )= 1 for the
region {, indicating that this region has been affected from the di-
saster most intensely. A low value indicates that the region has been
effected mildly. O (i) is used as “activity” in DEA literature, while it
is used as “intensity index for disasters” in this study. DEA separates
the inputs and outputs, for example, it does not arbitrarily decide on
relative contribution of human loss on loss of property. Thus, there is
a sum of n models for the regions i =0.1,...,n. When all these linear
programming models are encoded, we thereby calculate the intensi-
ty index of the natural disasters for all n regions.

Calculation of Regional Vulnerability Indices Using Relative

Effect Intensity of Natural Disasters

With the previous model, disaster intensity indices of the regions
were calculated in accordance with years. However, a combined in-
tensity index of the regions was also calculated; the vulnerability in-
dex of each region is thus obtained. Here to calculate vulnerability
index of n region, effect intensity indices in each period should be
considered. In this study, arithmetic averages of the calculated effect
intensity indices in accordance with the number of periods were cal-
culated, thereby vulnerability indices of these regions were calculat-
ed. For t. year of first region among N regions, when the effect inten-
sity index (t=1,2,...,T) is O (i,t) and the number of assessed period is T,
then the vulnerability index of the first region is @ (1) = 1/T X7 O (i,b).

Materials and Methods
In the study, data of disasters occurred in Turkey between 1987 and

2011 were used. Earthquake, flood, landslip, fire, avalanche, and refugee
invasion events were regarded as disaster types. Data relating to disasters
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Table 1. Vulnerability Indices of Natural Disasters Occurred in 26 Regions of Turkey between 1987-1999 (1% Period) as Calculated Using DEA

Region 1987 | 1988 | 1989 | 1990 | 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 | 1999 | Mean
TR10-istanbul 0.687 | 0.001 | 0.004 | 0.002 | 0.001 0 0.066 | 0.004 | 0.076 0 0.01 | 0.015 | 0.296 | 0.089
TR21-Tekirdag, Edirne, Kirklareli | 0.001 | 0.002 | 0.007 | 0.002 | 0.003 | 0.01 | 0.001 | 0.002 0 0 0 0.014 | 0.002 | 0.003
TR22-Balikesir, Canakkale 0.001 | 0.003 | 0.006 | 0.023 | 0.002 0 0.001 | 0.002 0 0 0 0 0 0.003
TR31-izmir 0.001 | 0.001 | 0.004 | 0.002 | 0.001 | 0.004 | 0.001 | 0.004 | 0.032 0 0 0 0 0.004
TR32-Aydin, Denizli, Mugla 0.001 | 0.001 | 0.742 | 0.001 | 0.001 | 0.003 | 0.211 | 0.002 | 0008 | O | 0.006 | O | 0.004 | 0075
TR33-Manisa, Afyon, Kiitahya, Usak | 0.009 | 0.003 | 0.003 | 0.009 | 0.001 0 0 0.392 1 0.018 0 0 0.002 | 0.110
TR41-Bursa, Eskisehir, Bilecik 0.001 | 0.001 | 0.003 | 0.001 | 0.001 0 0 0.001 0 0 0 0 0.001 | 0.001
TR42-Kocaeli, Sakarya, Diizce, 0.089 | 0.001 | 0.004 | 0.055 | 0.21 | 0.001 | 0.01 | 0.001 0 0 0.041 0 1 0.109
Bolu, Yalova

TR51-Ankara 0.127 | 0.001 | 0.005 | 0.002 | 0.001 0 0.026 | 0.004 | 0.006 0 0 0 0 0.013
TR52-Konya. Karaman 0.001 | 0.001 | 0.716 | 0.002 | 0.002 0 0.001 | 0.003 0 0 0.028 0 0 0.058
TR61-Antalya, Isparta, Burdur 0.001 | 0.001 | 0.004 | 0.204 | 0.927 0 0.001 | 0.002 | 0.029 | 0.015 | 0.015 0 0 0.092
TR62-Adana, Mersin 0.08 |0.001 | 0.003 | 0.001 | 0.519 | 0.002 | 0.001 | 0.003 0 0 0 1 0.192 | 0.137
TR63-Hatay, Kahramanmaras, 1 0.001 | 0.005 | 0.002 | 0.002 | O | 0.001 | 0.004 | 0.001 | 0.014 1 0 | 0.004 | 0.156
Osmaniye

TR71Kirikkale, Aksaray, Nigde, 1 0.002 | 0246 | 0.002 | 0002 | O | 0001 | 0002 | O 0 0 0 | 0.003 | 0.097
Nevsehir, Kirsehir

TR72-Kayseri, Sivas, Yozgat 0.001 | 0.008 | 0.031 | 0.068 | 0.148 0 0 0.003 | 0.002 | 0.042 | 0.006 | 0.007 0 0.024
TR81-Zonguldak, Karabiik, Bartin | 0.001 | 0.002 | 0.008 | 0.003 1 0 0.07 | 0462 | 0.004 0 0 1 0 0.19
TR82-Kastamonu, Cankir, Sinop | 0.817 | 0.011 | 0.016 1 0.504 | 0.005 | 0.236 1 0.006 0 0 0 0.007 | 0.277
TR83-Samsun, Tokat, Corum, 0.19 | 0.006 | 0.025 | 0.001 | 0.072 0 0.003 | 0.061 0 1 0 0 0 0.104
Amasya

TR90Trabzon,Ordu, Giresun, 0217 | 003 | 0979 1 0.043 | 0.009 | 0.168 | 0.409 | 0.013 | 0.013 | 0.028 | 0.013 | 0.001 | 0.225
Rize, Artvin, Gimushane

TRA1-Erzurum, Erzincan, Bayburt | 0.001 | 0.115 1 1 0.575 1 0.737 | 0.673 | 0.003 0 0 0.002 | 0.014 | 0.394
TRA2-Agr, Kars, Igdir, Ardahan | 0.003 1 0.19 | 0.035 1 0 0.001 | 0.005 0 0 0.087 0 0 0.179
TRB1-Malatya, Elazig, Bingdl, 0378 | 0.083 | 0.216 | 0.002 | 0.896 | 0.058 1 0.253 | 0.007 | 0.206 | 0.026 | 0.255 | 0.001 | 0.260
Tunceli

TRB2-Van,Mus, Bitlis, Hakkari 1 0.033 | 0.173 | 0.266 | 0421 | 0.024 1 0.004 | 0.013 | 0.224 0 0.011 0 0.244
TRC1-Gaziantep, Adiyaman, Kilis | 0.079 | 0.001 | 0.005 | 0.017 | 0.002 0 0.028 | 0.14 | 0.001 | 0.011 0 0 0 0.022
TRC2-Sanliurfa, Diyarbakir 0.001 | 0.001 | 0.006 | 0.002 | 0.001 0 0.001 | 0.005 | 0.002 0 0 0 0 0.002
TRC3-Mardin, Batman, Sirnak, Siirt | 0.007 | 0.002 | 0.153 | 0.003 | 0.002 | 0.028 | 0.14 | 041 | 0.006 | 0012 | © 0 0 | 0058
Mean 0.219 | 0.050 | 0.175 | 0.142 | 0.244 | 0.040 | 0.142 | 0.148 | 0.047 | 0.060 | 0.048 | 0.089 | 0.047 | 0.112

were obtained from annual activity reports of TDDB and T.R. Red Crescent
of previous years (17). Data relating to country population and GDP of the
regions were obtained from national statistics departments with popu-
lation and demography published in the official website of Turkey Sta-
tistical Institute (TUIK) (18). The population belonging to the years when
population census was not conducted for regional population was deter-
mined by averaging of the next and the previous population numbers.
Moreover, 2002 and 2003 region-specific missing GDP data were also
obtained by averaging the next and the previous years' data. The study
was applied on 26 regions as published by regional GDP values of TUIK.
In the study, vulnerability indices of the disasters were calculated
using the DEAP 2.1 program with data envelopment analysis-based,
output-oriented Malmquist Total Productivity Index method. Total

population and total GDP of the regions were used as inputs; total
number of population affected from the disasters in that region and
total economic loss incurred by the disasters were used as outputs in
the method. This study was prepared in accordance with the Helsinki
Declaration.

Results

The vulnerability indices and economic data of 26 regions of Tur-
key obtained from the study are explained below in the form of tables.
AccordingtoTable 1andTable2,whenarithmeticaveragevaluesof
thevulnerabilityindicesoftheregionsareexamined,thisvaluewas0.112
for 1987-1999 (first period) and 0.113 for 1999-2011 (second period).
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Table 2. Vulnerability Indices of Natural Disasters Occurred in 26 Regions of Turkey between 2000—-2011 (2" Period) as Calculated Using DEA

Region 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | Mean | 1987-2011 Mean
TR10-Istanbul 0 0 0 0 0 0.001 0 0.009 | 0.187 | 0.469 | 0.009 0 0.056 0.073
TR21-Tekirdag, 0 0.155 0 0 0 0 0.059 | 0.039 | 0.001 1 0.054 0 0.109 0.054
Edirne, Kirklareli

TR22-Balikesir, Canakkale | O 0 0.011 0 0 0 0 0 0.001 0 0.056 0 0.006 0.004
TR31-izmir 0 0 0 0.02 1 0 0 0.018 | 0.001 | 0476 | 0.011 0 0.127 0.063
TR32-Aydin, 0 0 0 0.021 0 0 0 0.179 | 0.001 | 0.081 | 0.069 | 0.001 | 0.029 0.053
Denizli, Mugla

TR33-Manisa, Afyon, 0 0 1 0 0 0 0 0.122 1 0 0.032 | 0.016 | 0.181 0.144
Kitahya, Usak

TR41-Bursa, 0 0 0 0 0 0 0.062 | 0.001 | 0.001 | 0.005 | 0.128 0 0.016 0.008
Eskisehir, Bilecik

TR42-Kocaeli, Sakarya,| 0.017 |0.003 0 0.002 | 0.002 | 0.004 0 0.038 | 0.004 | 0.071 | 0.032 0 0.014 0.063
Diizce, Boly, Yalova

TR51-Ankara 0.042 0 0 0 0.001 | 0.046 0 0.041 | 0.024 | 0.004 | 0.007 0 0.014 0.013
TR52-Konya, Karaman 1 0 0 0 0.004 0 0 0.027 | 0.001 0 0 0 | 0.086 0.071
TR61-Antalya, 0 0 0 0.006 0 0 0 0.019 | 0.138 | 0.006 | 0.003 | O 0.014 0.055
Isparta, Burdur

TR62-Adana, Mersin| 0 1 0.004 0 0.078 0 0 0011 | 0688 | 0.216 | 0017 | O 0.168 0.153
TR63-Hatay, 0 0.664 0 0.002 0 0.303 | 0.513 0 0.008 | 0.305 | 0.001 | 0.105 | 0.158 0.157
Kahramanmaras,

Osmaniye

TR71Kirikkale, Aksaray,| O 0 0 0 0 0.022 0 0.011 | 0.002 0 0 0 0.003 0.052
Nigde, Nevsehir, Kirsehir

TR72-Kayseri, 0 0 0.007 0 0 0.455 0 0 0.016 | 0.117 0 0 0.050 0.036
Sivas, Yozgat

TR81-Zonguldak, 0 0 0 0 0 0.001 0.134 | 0.146 1 0.038 0 0.110 0.155
Karabiik, Bartin

TR82-Kastamonu, 1 0.048 | 0.004 0 0 0.346 | 0.097 | 0.874 | 0658 | 0.013 | 0.042 | 0.001 | 0.257 0.267
Cankir, Sinop

TR83-Samsun, Tokat, | 0.149 | 0.007 | 0.001 0 0.001 | 0.913 | 0.031 | 0.018 | 0.084 | 0.015 0 0.001 | 0.102 0.103
Corum, Amasya

TR90Trabzon,Ordu, 0 0.118 | 0.004 0 0.006 | 0.1 0.127 | 0.094 | 0.055 | 0.715 | 0.007 | 0.001 | 0.102 0.166
Giresun, Rize,

Artvin, Gimushane

TRAT-Erzurum, 0 0.391 | 0.001 | 0.001 1 0.764 0 0416 | 0.254 | 0.031 | 0.088 | 0.001 | 0.246 0.323
Erzincan, Bayburt

TRA2-Agri Kars, 0 0.053 | 0.011 | 0.005 | 0.58 | 0.001 | 0.061 1 0.502 | 0.073 | 0454 | 0.001 | 0.228 0.202
Igdir, Ardahan

TRB1-Malatya, Elazig, 0 0 0.002 1 0.116 1 0.01 | 0243 | 0417 0 1 0.003 | 0.316 0.287
Bingdl, Tunceli

TRB2-Van, Mus, 0 0 0.014 | 0.006 | 0.113 | 0.372 | 0.494 1 1 0424 | 0.031 1 0371 0.305
Bitlis, Hakkari

TRC1-Gaziantep, 0 0 0 0 0.03 0 0 0 0.001 0 0.02 0 0.004 0.013
Adiyaman, Kilis

TRC2-Sanlurfa, 0 0 0 0 0 0 1 0 0.009 0 0 0 0.084 0.041
Diyarbakir

TRC3-Mardin, Batman,| O 0 0 0 0 0 1 0.012 | 0.002 0 0.026 | 0.001 | 0.087 0.072
Sirnak, Siirt

Mean 0.085 | 0.094 | 0.040 | 0.041 | 0.113 | 0.167 | 0.133 | 0.166 | 0.200 | 0.193 | 0.080 | 0.040 | 0.113




Eurasian J Emerg Med 2017; 16: 102-11

Bostan and Yaprak.
Vulnerability Index Calculation for Turkey in Natural Disasters

107

1987-1999

[ ]<0.10
[ 0.11-0.20

I 0.21-0.30
I 0.31-0.40

2000-2011
[]<0.10

I 0.11-0.20
I 0.21-0.30
I 0.31-0.40

1987-2011
[ ]<0.10
[ 0.11-0.20

I 0.21-0.30
I 0.31-0.40

Figure 4. Vulnerability index Map of Turkey Regions between the years 1987-2011

Thus, the vulnerability index averages of the regions were slightly
higher in the second period. When total averages of the vulnerability
indices of the regions were considered, the regions with the highest
value in the first period were TRA1, TRB2, and TRB1 regions. In the
second period, the regions with the highest vulnerability indices are
TRB2 (0.371), TRB1 (0.316), and TR82 (0.257). It was noted that there
is a differentiation in terms of regions in the first and second periods.
When vulnerability indices of the years were examined over
the averages, it was noted that 1991 (0.244), 1987 (0.219), and 1989
(0.175) stand out in the first period and averages of 2008 (0.200),
2009 (0.193), and 2007 (0.166) years are high in the second period.

When Figure 2 is examined, the regions with the highest vul-
nerability for 1987-1999 are noted generally in Eastern Anatolia and
Eastern Black Sea Regions. The reason is that flood and landslide
disasters are common in Eastern Black Sea Region, and flood, land-
slide, avalanche, and earthquake disasters are common in Eastern
Anatolia Region. Moreover, the Central Black Sea section of Black Sea
Region was noted to have high vulnerability index due to the inten-
sity of floods and landslides along with frequent bush fire disasters in
Kastamonu Province. In the west of the country, Afyonkarahisar and
Kutahya were noted to be among the most intense regions in terms
of vulnerability.
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Figure 5. Map of Turkey Earthquake Regions

Reference: http://www.e-sehir.com/turkiye-haritasi/deprem-fay-haritasi.php

According to Figure 3, although the vulnerability index intensity
of the regions for 2000-2011 shows similarity with Figure 2, the re-
gions with the highest intensities are the southern zones of Eastern
Anatolia Region. In addition, the intensity of the Eastern Black Sea
Region was decreased with respect to the previous period. In this
period, the Central Black Sea Region has a similar intensity with the
previous period. In the west, the intensity is expanded by incorporat-
ing Trakya Region.

When total index map of all periods were examined, it was seen
that the intensity generally contains Eastern Anatolia Region of the
country. Moreover, the intensity was in the same regions in the central
zone of the Black Sea Region. The intensity in the western zones was
noted to increase in the internal zones of Aegean Region (Figure 4).

Although the study contains general disaster types, according
to the vulnerability index map, the places with the highest intensity
in terms of vulnerability is noted to overlap with the regions contain-
ing the Northern Anatolia Fault Line in the north, and the Eastern
Anatolia Fault Line in the east. Moreover, it is noticed that the region
containing Western Anatolia Fault Line in Aegean Region has simi-
lar high intensity in terms of vulnerability. According to the maps of
vulnerability index, it is understood that the regions with the highest
vulnerability in Turkey are the first-degree earthquake regions. From
this aspect, it may be suggested that the vulnerability maps show
similarity with the earthquake map of Turkey (Figure 5).

Based on Table 3, TRB2 region (1987, 1993, 2007, 2008, and
2011), we noticed that on five occasions, the vulnerability index was
1.0. Besides, as for TRB1 region (1993, 2003, 2005, and 2010), it was
noticed that the vulnerability indexes were equal to 1 in a total of
four occasions. For the TRA1 region (1989, 1992, and 2004), TR82 re-
gion (1990, 1994, and 2000), TR33 region (1995, 2002, and 2008), and
TR81 regions (1991, 1998, and 2009), it was noticed that the vulner-
ability indexes were equal to 1 in three occasions. The vulnerability
index is equal to 1 in two occasions in the TR63 (1987 and 1997) and
TRA2 and TR62 regions (1988 and 1991).

Regions are classified according to their vulnerability indices,
as shown in Table 4. According to this classification, Turkey’s regions
with the highest vulnerability index values (range, 0.31-0.40) are
TRAT1 (0.323) and TRB2 (0.305). While according the results of Table 1,
one of the three regions with the highest vulnerability index (TRA1)
can also be seen as the highest on Table 4. One of the three regions
(TRB2) with the highest impact force index according to Table 2 is
also of the highest vulnerability according to Table 4. According to
the vulnerability index values, the country’s most fragile regions are
TRA1 (0.323), while the least fragile is the TR22A (0.004).

From the aspect of the economic losses caused by natural disas-
ters, the average annual economic losses are highest in TR42-Kocaeli,
Sakarya, Dizce, Bolu, Yalova, followed by TRB2-Van, Mus, Bitlis, Hak-
kari, TR71-Kirikkale, Aksaray, Nigde, Nevsehir, Kirsehir, TR63-Hatay,
Kahramanmaras, Osmaniye, TRB1-Malatya, Elazig, Bingdl, Tunceli,
TR10-Istanbul, TR33-Manisa, Afyon, Kutahya, and Usak regions. The
average rate of economic losses as a percentage of GDP are highest
in TRB2-Van, Mus, Bitlis, Hakkari, followed by TR42-Kocaeli, Sakarya,
Dizce, Boluy, Yalova, TR71-Kirikkale, Aksaray, Nigde, Nevsehir, Kirse-
hir, TRB1-Malatya, Elazi§, Bingdl, Tunceli, TR63-Hatay, Kahraman-
maras, and Osmaniye regions (Table 5).

Discussion

On an average, the vulnerability indices obtained for the regions
of Turkey in the two periods 1987-1999 (first period) and 2000-2011
(second period) were discussed. When vulnerability index averages
for both periods were considered, the second period average was
slightly higher than the first period average. This result appears to
support the idea that the disasters in Turkey have generally an in-
creasing trend after the year 2000 with respect to the studies previ-
ously conducted.

In a similar study, Wei and colleagues obtained vulnerability in-
dices of different regions of China in 2004. In the study conducted by
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Table 3. Regions Affected Most Intensely from Disasters for Each Year
between the years 1987-2011 (Regions with Vulnerability index equ-

Table 4. Vulnerability Classification of Regions of Turkey over Avera-
ges on Basis of Vulnerability Index

aling to 1) Vulnerability
Years DMU index Region
1987 TR63-Hatay, Kahramanmarag, Osmaniye <0.10 TR22-Balikesir, Canakkale (0.004),
TR71-Kirikkale, Aksaray, Nigde, Nevsehir, Kirsehir TR41-Bursa, Eskisehir, Bilecik (0.008),
TRB2-Van, Mus, Bitlis, Hakkari TR51-Ankara (0.013),
1988 TRA2-Agn, Kars, Igdir, Ardahan TRC1-Gaziantep, Adiyaman, Kilis (0.013),
1989 TRA1-Erzurum, Erzincan, Bayburt TR72-Kayseri, Sivas, Yozgat (0.036),
1990 TR82-Kastamonu, Cankiri, Sinop TRC2-Sanliurfa, Diyarbakir (0.041)
1991 TR81-Zonguldak, Karabiik, Bartin TR71-Kirkkale, Aksaray, Nigde, Nevsehir,
TRA2-Agr, Kars, 1gdir, Ardahan Kirsehir (0.052),
1992 TRA1-Erzurum, Erzincan, Bayburt TR61-Antalya, Isparta, Burdur (0.055),
1993 TRB1-Malatya, Elazig, Bingdl, Tunceli TR52-Konya, Karaman (0.071),
TRB2-Van, Mus, Bitlis, Hakkar TRC3-Mardin, Batman, Sirnak, Siirt (0.072)
1994 TR82-Kastamonu, Cankirt, Sinop TR21-Tekirdag, Edirne, Kirklareli (0.080),
1995 TR33-Manisa, Afyon, Kiitahya, Usak TR32-Aydin, Denizli, Mugla (0.080),
1996 TR83-Samsun, Tokat, Corum, Amasya TR42-Kocaeli, Sakarya, Diizce, Bolu, Yalova (0.080)
1097 TR63-Hatay, Kahramanmaras, Osmaniye 0.11-0.20 TR83-Samsun, Tokat, Corum, Amasya (0.103),
1998 TR62-Adana, Mersin TR31‘—Izmir (0.110),
TR81-Zonguldak, Karabuiik, Bartin TR10-Istanbul (0.120)
1999 TR42-Kocaeli, Sakarya, Diizce, Bolu, Yalova TR33-Manisa, Afyon, Kiitahya, Usak (0.144),
2000 TR52-Konya, Karaman TR62-Adana, Mersin (0.153),
TR82-Kastamonu, Cankirt, Sinop TR81-Zonguldak, Karabtik, Bartin (0.155)
2001 TR62-Adana, Mersin TR63-Hatay, Kahramanmaras, Osmaniye (0.157),
2002 TR33-Manisa, Afyon, Kiitahya, Usak TR90—Trabng;nCzjr;jhuénG elr(eoszjg@R ize, Artvin,
2003 TRB1-Malatya, Elazig, Bingdl, Tunceli 0.21-0.30 TRA2-Agr, Kars, Igdir, Ardahan (0.202),
2004 TR31-Izmir TR82-Kastamonu, Cankiri, Sinop (0.267),
TRA1-Erzurum, Erzincan, Bayburt TRB1-Malatya, Elazig, Bingdl, Tunceli (0.287)
2005 TRB1-Malatya, Elazig, Bingdl, Tunceli 0.31-0.40 TRB2-Van, Mus, Bitlis, Hakkari (0.305),
2006 TRC2-5anliurfa, Diyarbakir TRA1-Erzurum, Erzincan, Bayburt (0.323)
TRC3-Mardin, Batman, Sirnak, Siirt 0.41-0.50
2007 TRA2-Agn, Kars, Igdir, Ardahan >0.50
TRB2-Van, Mus, Bitlis, Hakkari
5008 TR33-Manisa, Afyon, Kiitahya, Usak conducted for China, the vulnerability index table was shown with
only one table due the presence of less number of periods, while
TRB2-Van, Mus, Bitlis, Hakkari two tables were shown as the 1987-1999 period and the 2000-2011
2009 TR21-Tekirdag, Edirne, Kirklareli period in this study. Thus, the comparison of both periods became
TR81-Zonguldak, Karabiik, Bartin possible. In the study conducted by Wei et al. (11), the regions with
2011 TRB2-Van, Mus, Bitlis, Hakkari the classification of the vulnerability indices, regions were gathered

Wei and colleagues, 31 regions comprising the whole of China were
discussed, and disaster data for 1989-2000 were used as data of the
study. In this study, 26 regions containing the whole Turkey and the
disaster data for 1987-2011 were used as data. Moreover, in the study

in the range of 0.41-0.50 at most (13 regions), while regions were
gathered in the range of 0-0.10 at most (nine regions) in this study.
In the study conducted in 2004, the vulnerability indices of three re-
gions with the highest vulnerability index were, respectively, 0.52,
0.60, and 0.62, while in this study, the vulnerability indices of three
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Table 5. Average Annual Economic Losses Resulting from Disasters
of Regions between the years 1987-2011

Average economic

Average annual losses as

economic losses a percentage
Region (million TL) of GDP
TR10-istanbul 17.980 0.024%
TR21-Tekirdag, Edirne, 0.038 0.0004%
Kirklareli
TR22-Balikesir, Canakkale 0.010 0.0002%
TR31-izmir 0.110 0.0006%
TR32-Aydin, Denizli, Mugla 0.150 0.001%
TR33-Manisa, Afyon, 5,562 0,05%
Kutahya, Usak
TR41-Bursa, Eskisehir, 0.026 0.0001%
Bilecik
TR42-Kocaeli, Sakarya, 427.809 2.3%
Diizce, Bolu, Yalova
TR51-Ankara 0.040 0.0002%
TR52-Konya, Karaman 0.212 0.003%
TR61-Antalya, Isparta, Burdur 0.141 0.001%
TR62-Adana, Mersin 0.775 0.006%
TR63-Hatay, 21.405 0.3%
Kahramanmaras,
Osmaniye
TR71-Kirikkale, Aksaray, 34.736 0.6%
Nigde, Nevsehir, Kirsehir
TR72-Kayseri, Sivas, Yozgat 0.041 0.0005%
TR81-Zonguldak, Karabuk, 0.644 0.013%
Bartin
TR82-Kastamonu, 0.257 0.009%
Cankiri, Sinop
TR83-Samsun, Tokat, 0.280 0.003%
Corum, Amasya
TR90-Trabzon, Ordu, 0.446 0.005%
Giresun, Rize, Artvin,
GUmishane
TRA1-Erzurum, Erzincan, 1.979 0.06%
Bayburt
TRA2-Agn, Kars, Igdir, 0.384 0.016%
Ardahan
TRB1-Malatya, Elazig, 20.589 0.4%
Bingdl, Tunceli
TRB2-Van, Mus, Bitlis, 80.576 2.4%
Hakkari
TRC1-Gaziantep, 0.058 0.001%
Adiyaman, Kilis
TRC2-Sanlurfa, Diyarbakir 0.354 0.006%
TRC3-Mardin, Batman,
Sirnak, Siirt 0.338 0.008%
General mean 23.652 0.239%

regions with the highest vulnerability index were, respectively, 0.33,
0.36, and 0.38.

Cardona performed an implementation of an indicator system in
the USA within the scope of disaster risk management with a differ-
ent method in 2004 and collected Disaster Deficit Index, Local Disas-
ter Index, Prevalent Vulnerability index (PVI), and Risk Management
Index values of the regions (19). In a section of the study conducted,
ratio of the economic losses to the GDP and socioeconomic vulnera-
bility of 12 regions of the USA over the society exposed to the disas-
ters were calculated. These vulnerability values were separately cal-
culated for the years 1985, 1990, 1995, and 2000 over 100 full points,
for example, socioeconomic vulnerability values of different regions
for the year 2000 were found in the range of 20-62. Bollin and Hidajat
(20) calculated danger, exposure, vulnerability, capacity, and risk in-
dices of some regions of Indonesia within the scope of society-based
disaster risk index with a different method in the year 2006. In this
study, index values of two regions called as Sikka and Kulon Progo
were compared. The index values were calculated over 100 points,
and the vulnerability indices were 21 for two regions, while the risk
indices were respectively obtained as 56 and 54. In a study conduct-
ed for Barbados in 2010, the PVI values of the country for the years
1985, 1990, 1995, 2000, 2005, and 2007 were obtained. According to
the results found, common vulnerability index values of this country
had values ranging from 39.342 to 45.493 (21).

Moreover, in a study conducted by Birkmann in (22) 2007, ap-
plications for obtaining risk and vulnerability indices using differ-
ent scales were compared. At the end of the study, there is a need
of more researches and studies relating to this subject for learning
environmental security flaws, learning how to increase medium- and
long-term flexibility for natural and sudden dangers, and discovering
institutional and environmental vulnerabilities. In a study conducted
on Turkey provinces by Ozceylan and Coskun in (23) 2012, socioeco-
nomic vulnerability indices of the provinces in terms of earthquake
were determined. The provinces with socially and economically the
highest vulnerability as a result of this study were Sanliurfa, Sirnak,
Hakkari, Siirt, Batman, Van, Gaziantep, Agri, Mardin, and Diyarbakir.
On comparison of two studies in terms of the highest values, Van and
Hakkari were the overlapping provinces.

Conclusion

The DEA method is known to be applicable in a variety of fields
and enables the achievement of a single value over interaction of a
number of variables. The single value obtained enables the research-
ers to make comparisons among units, regions, and/or classifications.
The feature of the model for being used effectively popularizes the
use of the model.

In this study, the DEA method enabled the conversion of eco-
nomic and social costs as a result of disasters in 26 regions of Tur-
key to vulnerability indices. A picture of the whole country over a
period of 25 years in terms of disasters was captured. In the picture,
economic and social costs endured due to disasters are noted to be
separated into two regions starting from the region of Eastern Ana-
tolia and the north branch extends across the Black Sea region and
the other south branch reaches to the Mediterranean. Moreover, the
presence of an area as an inlet in the Aegean Region is observed. The
Central Anatolia, Southeastern Anatolia, Marmara, and partially the
Aegean Region may said to be exposed to disasters losses.
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The fact that Turkey vulnerability index maps obtained overlap
with the Turkey earthquake map, the Earth disaster map may be re-
garded as a confirmation of the reliability of the study results.

The 1999 Kocaeli and 2011 Van earthquakes stand out in terms
of economic losses; it is seen that Van and Erzincan regions have the
highest vulnerability index in terms of earthquakes, and the Black
Sea region is an important disaster area in terms of floods, landslips.
and deluges. It is suggested that the vulnerability indices provided
for Turkey are used in region- and province-level arrangements; in
organizational structure, logistic and human resources planning and
development; and in improvement of risk analysis, strategic plan-
ning and management applications by Prime Ministry Disaster and
Emergency Management Authority (AFAD) being a new organization
in Turkey. Moreover, it is thought that these study results shall form
a ground for policymakers and resource allocation managers, shall
guide the applicators in the field, and shall lead to information pro-
duction studies in the field of disaster management.
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