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Abstract. The danger of earthquake always overshadows human societies and causes irreparable damage to these socie-
ties; therefore, preparedness to deal with this crisis by identifying vulnerability points and removing them is effective in
reducing the damages caused by earthquake. Due to the location of Iran on one of the two world’s earthquake belts and the
existence of many faults, the occurrence of earthquakes on the plateau of Iran is a natural phenomenon. Iran is one of the
ten earthquake-prone countries in the world. Consequently, the city of Urmia is no exception to this rule due to its location
in the hillsides of the Zagros Mountains and witnesses a large number of earthquakes with different intensities every year.
Therefore, to deal with the above problem, we need more detailed studies in the fields of construction and safety. In this
study, in order to evaluate the severity of earthquake vulnerability, effective parameters were identified and weighted using
fuzzy hierarchical analysis process. Vulnerability maps were prepared by index overlap method and fuzzy logic, for statisti-
cal blocks of Urmia city and were presented visually in spatial information system. The results showed that about 50% of
the city is vulnerable to earthquakes; to be more precise, about 151574 square meters, i.e. 0.005% has a very high degree of
vulnerability and 11538359 square meters, with a percentage of 0.40%, has a high degree of vulnerability to earthquakes.
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Introduction

Natural hazards are the realities of our world today that
significantly affect people’s living conditions. Because they
are not preventable, basic precautions must be taken to
protect people before they occur.

It is at this point that preparedness for any threat is
really important, which reduces the devastating effects of
disasters on communities and shortens recovery inter-
ventions. In terms of preparedness to identify vulnerable
people in the community plays an important role in bet-
ter planning in natural disaster management (Haki, 2003).
Urban planning in most Third World cities is routinely
faced with unpreparedness to deal with future events, and
therefore, natural disasters occur before taking appropri-
ate measures (Smith, 2003). Today, the current civiliza-
tion has become more urban and urban growth has had
adverse consequences on the body of cities. The dimen-
sions of urban settlements are becoming more complex
day by day and as a result, security instability is becoming

more apparent in urban areas. In this way, urban society,
especially in its modern forms, is constantly and exten-
sively exposed to various types of hazards (Amini Varaki
et al., 2014). On the other hand, this rapid development
of cities and the increasing urban population in recent
decades, has made planning, management and control
of cities more and more difficult. This problem becomes
much more complicated during natural disasters, espe-
cially when they are accompanied by social anomalies
(Habibi et al.,, 2012). Among the natural hazards and
crises, earthquakes are one of the most important haz-
ards that affect many countries throughout the year and
always are a factor whose impact on human societies has
been remarkable, both in terms of casualties and eco-
nomic aspects, during History (Ziari, 2006; Mahdavi &
Hazarian, 2017). Earthquake, both psychologically and
financially, due to the speed and occurrence of the vol-
ume of destruction, has had devastating effects and are at
the forefront of natural disasters (Shamsipoor & Sheikhi,
2010). The intensity of this impact is a function of various
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factors that cause vulnerability and crisis (Zangiabadi &
Tabrizi, 2009, p. 116). Urban vulnerability analysis is the
assessment and prediction of the possibility of human,
material and moral damage to the city and its residents
against possible hazards (Musavand, 2011). There are vari-
ous vulnerable factors (natural, physical, social, economic,
fundamental, laws and regulations, etc.) that constantly af-
fect each other; not individually but in a comprehensive
system. On the other hand, crisis vulnerable groups are
also associated with demographic factors such as age, re-
ligion, minority, poverty and literacy (Paton & Johnston,
2001). According to statistics released by the United Na-
tions, more than 3 million people have died from natural
disasters in the last 20 years, and the lives of more than
one billion people have been affected by these disasters
(United Nations, 1991). Due to its geographical location
and geology, Iran is one of the ten most catastrophic coun-
tries in the world and has always suffered significant hu-
man and financial losses due to disasters such as floods,
droughts, hurricanes, etc. (Hashemi et al., 2010, p. 306).
The city of Urmia is also one of the most important cities
in Iran, which despite its special conditions has a high
seismic potential. The plateau, in which the city of Urmia
is located and includes Lake Urmia, is an area with an al-
titude of 1300 to 3000 meters above sea level. This area is
a mountainous area that decreases in height from west to
east. This range of mountains and their peaks are mostly
located on the border of Iran and Turkey. Existence of
young and border mountains and large number of faults
around Urmia city has increased the possibility of seismic-
ity in the city. Therefore, in order to prevent the increase
of vulnerability, it is necessary to know the resilience of
the local community and measure the ability of the com-
munity to withstand and recover from risks in the event
of a crisis. With this backdrop, in this study, we have made
an attempt to identify the earthquake-vulnerable areas in
different areas of Urmia accurately.

1. Theoretical foundations of research

Environmental hazards: Burton and Kit define natural
hazards as hazards posed by forces outside society. (Gha-
fouri Zarandi et al, 2009, p. 2). For example, floods are
now less prevalent due to climate induced natural fluc-
tuations and are more related to human activities such
as drainage, canalization and deforestation (Burton et al.,
1999). Natural hazards have the ability to turn into hor-
rible accidents in the absence of hazard reduction sys-
tems (Karami & Amirian, 2018, p. 111). Vulnerability
of societies: The concept of vulnerability of physical and
human capital during crises in rural areas are most im-
portant issues that is taken into consideration today in
many fields of study such as sociology, general humani-
ties, and general humanities. In general, the concept of
vulnerability provides a very suitable framework for un-
derstanding the nature of the crisis, critical events, effects
and consequences of the crisis, as well as response to the
crisis at different levels. Extent of potential damage due
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to natural disasters to communities, buildings and geo-
graphical areas is also used. According to the UNESCO
definition, the sensitivity of the environment to the oc-
currence and severity of a natural disaster determines the
vulnerability of that environment. According to the UN
Strategic Plan for Disaster Reduction, all hazards have two
sources, natural hazards and hazards from activities and
technology that result from human intervention (Moe &
Pathranakul, 2006, p. 396). In general, we mean vulner-
ability is an internal condition that increases exposure and
sensitivity, vulnerability to other dangers or other shocks
and pressures (United Nations Office for Disaster Risk
Reduction, 2004, p. 207). In other words, vulnerability
to damage caused by potential or actual critical elements
and phenomena to manpower, equipment and facilities
in the range of zero to one hundred (Wihtol de Wenden,
2006, p. 49) are very different vulnerability factors, which
include natural, physical, social, economic, fundamental
factors, laws and regulations, etc. These factors affect each
other, not individually, but as a system of society (Paton &
Fohnston, 2001, p. 270). Today, the vulnerability of rural
settlements, defenseless spaces, insecure neighborhoods,
villages with wrong architecture, all are security threats
(Bayat, 2008, p. 86) that can cause major disruptions in
any residential area and disrupt the other functions of or-
ganizations (Reynal-Querol & Montalvo, 2005, p. 8). On
the other hand, the issue of protection of human lives,
their belongings against natural and human hazards is so
important that it is considered as one of the main goals
of planners (Gibson, 1997, p. 8). Therefore, finding useful
solutions to reduce vulnerability is always a priority for
governments and their communities.

Vulnerability: Vulnerability is defined as a continuous
measure of the comfort of combining environmental, eco-
nomic, and political elements exposed to a range of po-
tentially harmful disturbances. According to the definition
of the United Nations (1991), vulnerability is: the degree
of loss of a certain element or group of elements at risk,
as a result of the occurrence of a natural phenomenon of
a certain magnitude and expressed on a scale from zero
(without vulnerability) to one (complete vulnerability),
(Kamelifar, 2012, p. 431). On the other hand, vulnerabil-
ity is defined in terms of different principles such as the
degree of loss and damage caused by a potentially harm-
ful phenomenon, socio-economic status and a feature of a
human-environmental system (Maleki et al., 2017, p. 10).

Urban vulnerability: is a measure of the capacity dif-
ference of urban communities to deal with the effects of
natural hazards based on their position in the material
world (spatial structure of the city) and the social char-
acteristics of those communities (social structure) (Ahad-
nejad Roshani, 2009, p. 43). Urban Vulnerability Theory:
Based on the theory of urban vulnerability and its concep-
tual features in any given urban space, there is a certain
amount of risk, but the levels and scope of vulnerability
and safety are not evenly distributed in the city; Because
spaces with the title of polluted, defenseless, vulnerable
are the place where all kinds of violence, crimes and even



162 G. Farahmand et al. Vulnerability zoning of urban areas against earthquake (case study: Urmia city)

environmental hazards occur (Mohammadi Deh Chesh-
meh, 2013, p. 47).

2. Research background

Vulnerability of settlements to natural events such as
earthquakes is a function of the behavior of human units,
which indicates the degree of vulnerability or ability to
withstand socio-economic and damage assets. One of the
principles of risk management is the need to carefully
locate the elements of the environment and intelligently
use design facilities to reduce the damage caused by this
event and hazards (Burton et al., 1999). Nagae et al. (2012)
provide a framework for finding ways to strengthen the
anti-seismic, for transportation facilities and urban road
network. To test the computational efficiency and rational-
ity of the method, they used its scenario in Kobe, Japan
and its suburbs. Lantada et al. (2009) performed modeling
of the vulnerability of the city of Barcelona using the Risk
UE model, to assess the human and economic damage in
the city of Barcelona. Cutter et al. (2003) assessed and
analyzed social disaster vulnerability in the United States.
Haki (2003) has evaluated Social Vulnerability Assessment
to earthquake using Geographical Information System in
Pendik district of Istanbul. Khakpour et al. (2011) deter-
mined physical vulnerability in the 9th district of Mash-
had from the perspective of seismicity and concluded that
the city of Mashhad lies in a moderate risk area. Further
they prepared vulnerability zoning maps which were
helpful to adopt necessary solutions in the field of urban
management. Habibi et al. (2013) have assessed physical-
spatial indicators for predicting the instability of ancient
urban textures against earthquakes with inverted hierar-
chical logic and GIS affecting the vulnerability of cities.

Isalou et al. (2016) employed IHWP Method in GIS
using 5 Indicators (Land Use, Building Quality, Build-
ing Life, Access to Relief Centers and population density)
to assess physical vulnerability of earthquake in Tehran.
Faraji Sabkbar et al. (2016) performed vulnerability assess-
ment using field data and satellite images and concluded
that the aged buildings lying in the central, southern and
especially southeastern parts in Tehran are more vulner-
able to earthquakes.

Darban Astaneh et al. (2018) employed AHP FUZZY
method to determine the vulnerability of residential fabric
to earthquake risk in District 6 of Tehran and showed that
the neighborhoods of Amirabad, Nosrat, Ghezel Ghaleh,
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University of Tehran and Laleh Park have low vulnerabil-
ity and Shariati, Argentina-Saei, Behjatabad and Gandhi
neighborhoods have moderate vulnerability. Vulnerabil-
ity analysis has also been conducted by several other re-
searchers namely Allen and Bryant (2011), Normandin
et al. (2011), Ainuddin and Routray (2012), Mokhtari
et al. (2018), Poorahmad et al. (2018).

3. Materials and methods

3.1. Study area

Urmia city is one of the fourteen cities of West Azerbaijan
province, which is located in the middle part of the prov-
ince. Urmia city is limited to Salmas city from the north,
Nagadeh and Mahabad cities from the south, Urmia Lake
from the east and Iran-Turkey border from the west. The
city of Urmia is the center of the city and also the capi-
tal of the province of West Azerbaijan, which is located
18 km from Lake Urmia, at 45 degrees and 4 minutes east
longitude from the Greenwich meridian and 37 degrees
and 33 minutes north latitude from the origin of the equa-
tor inside a 70-meter-long plain Km and is located 30 km
wide (Design and Planning Consulting Engineers, 2013,
p- 24). According to the latest census provided by the Sta-
tistics Center of Iran, this city has a population of 680,000
people, which in total have been spread in the area of the
city (Figure 1).

Figure 1. Location of Study Area in IRAN

3.2. Research method

The present study is applied in terms of goal setting and
“descriptive-analytical” in terms of data collection meth-
od. In order to achieve the final goal of the research, first
the production and formation of physical data and natural
factors affecting the vulnerability caused by earthquakes
were discussed. The steps of this research are described
in Figure 2.
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Figure 2. Overview of research steps
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In this research, first the data related to the physical
part and buildings were extracted from the comprehensive
plan of Urmia city and then using Arc GIS software it was
converted into vector layers and then through the fuzzy
hierarchical model weights were assigned to the produced
layers.

In the next step, the weights and ranking values were
assigned to the layers and classes of each layer. The pro-
cess of assigning weights and ranked values was executed
using the Fuzzy AHP method. FAHP is a multi-criteria
decision-making approach that uses the pairwise compari-
son procedure to achieve the desired goals among multi-
ple options and selects the desired locations with different
performance. Therefore, in the following, an explanation
about these two decision-making methods is provided.

3.3. FAHP hierarchical analysis model

This model was first proposed in 1983 by two Dutch re-
searchers named Larhorn and Pedriks, which is based
on the logarithmic least squares method, but was not ac-
cepted due to the complexity of the computational and
methodological steps, until in 1996 a Chinese researcher
named Chang. He presented a method called developmen-
tal analysis method based on fuzzy hierarchical analysis in
which triangular fuzzy numbers were used (Ataiee, 2010,
p. 64). Fuzzy numbers used in this model and specifically
in the present study as Fuzzy numbers are triangular 2
which will be M = (m, o, ) (Momeni, 2013, p. 87). The
geometric space of such a set in a fuzzy environment is
given in Figure 3.

Hm ()

a az az
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Figure 3. The membership function of triangular numbers
in a fuzzy environment

The mathematical structure of the membership of tri-
angular fuzzy numbers will also be as follows.
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Therefore, according to Chang method, the fuzzy hier-
archical analysis model has the following steps:

Step 1: In this step, a hierarchical diagram is drawn.

Step 2: In the second step, fuzzy numbers are defined
for pairwise comparisons. Based on the studies that have
been done in this regard and also the recommendation
that Chang offers, the fuzzy spectrum used in this research
is presented in the form of Figure 4.

Hiz

Equalty
::’ Moderatel

Strong

Extremely

A\j> Very strongly

1 3 B 7 9
Figure 4. Linguistic variables used in the research
Step 3: The formation of the matrix will be a pairwise

comparison that has been done using triangular fuzzy
numbers in the present study.

X1 X1y Xy,
Ao| Yar*a2om
X1 Xz Koy

Step 4: Calculate the value through the following
equations:

mo nom -1
S0l S5 |
i=1 i=li=1
n

i=li=1 i=1 i=1 i=1

58| | bt
Mi | = > ; :
i=1i=1 ¢ z:l:lli Z;mi Z:lzlui

In this relation, i and j are the row number and the
column number, respectively.

Step 5: The calculation the degrees of magnitude for
all indicators will be in which the magnitude of two fuzzy
numbers of and is defined as follows:

1 ifm >m,
0 ifu, 21
L—-u
2 1 otherwise
(ml_ul)_(m2_l2)
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Step 6: In this model, calculating the weight of the in-
dicators in the matrix will be a pairwise comparison. The
following relationship has been used for this purpose:

d'(A;)=MinV (S, <S;), k=1,2,..n.

Therefore, the non-normalized weight vector for the
research indicators will be as
W'(d'(A)) d(Ay)...d(A))T.

Final step: In this model, the calculation of the final
weight vector will be:

W =(d(A)) d(A,)...d(A,)).

4. Results and discussion

In the stage of data analysis and research information, it
is necessary to draw 13 urban earthquake risk variables
in study area (distance from fault, slope, land type, type
of land cover, distance from medical centers, urban facili-
ties, green space, urban gas station, quality fire, number of
floors, area of buildings and the status of access to build-
ings). Therefore, to do this, we first prepared a base map
of the study area and formed a database and mapped the
layers related to each of the 13 variables in the form of Arc
GIS software, Figures 5-14.

Legend

Distance (m)

Legend

Distance (m)

Figure 6. Distance fire stations area
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Figure 9. Maps of a) type of land use, and b) slope classes
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Figure 13. Final map of earthquake vulnerable areas in the city of Urmia using the Fuzzy AHP model
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Figure 14. Area of vulnerable zones in grades 1 to 4 (from left to right)

Then, after preparing the maps, a fuzzy hierarchical
model was used to achieve the desired result. In this mod-
el, after weighting the research variables in the form of
trigonometric fuzzy numbers, the variables with different
weights from minimum weight to maximum weight were
identified, which are shown in the Table 1.

According to Figure 15, the east of Urmia is very vul-
nerable to earthquakes. To be more precise, about 42%
of Urmia is highly vulnerable to earthquakes. These ar-
eas often include District 2 of Urmia Municipality. These

areas are less safe due to the type of texture and materi-
als used in its construction. These areas cover an area of
11 689 933 square meters, which includes the city center
to the east and southeast of the city (Figure 13). How-
ever, about 58% of the city is in the grade of medium and
low vulnerability, which is an area of 16 505 566 square
meters, which is located in the west and north of the
city. This area has new houses and buildings in terms of
construction and often includes a small number of floors
and high quality.
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Table 1. Final weight of layers for zoning of vulnerable areas

Options Aanrmal Normalized

weight weight
Distance from fault 0.64 0.141
Slope 0.38 0.084
Land type 0.27 0.060
Land use 0.24 0.053
Distance from health centers 0.17 0.038
Distance from green areas 0.21 0.046
Distance from fire stations 0.14 0.031
Distance from urban gas station 0.18 0.040
Distance from urban facilities 0.19 0.042
Buildings floors number 0.45 0.099
Buildings area 0.34 0.075
Quality of buildings 1 0.221
Access to buildings 0.32 0.071
Conclusions

Vulnerability is a function of the degree to which a system
is exposed and sensitive to the degree to which places and
individuals are harmed. In recent years, much attention
has been drawn to the issue of vulnerability and its man-
agement among planners, governments and nations. The
catastrophes that have occurred in recent years indicate
that communities and individuals are becoming increas-
ingly vulnerable and the risks have increased. However,
risk reduction and vulnerability are often overlooked un-
til after an accident. The characteristics and conditions of
urban spaces and the density of investments and environ-
mental loads have made it necessary to pay attention to
the necessary planning regarding the immunity of cities
against various types of hazards. With the development of
societies and the complexity of internal processes in cit-
ies (physical, structural, social and economic), the effects
of natural disasters have become very complex and it is
much more difficult to reduce and control vulnerabilities.
Therefore, the study of the effects of natural disasters on
human settlements, especially cities, is one of the most
important issues for urban planners. It is clear that so far
the lack of attention to the principles of crisis management
has caused a lot of damage from numerous earthquakes to
residential communities. Studies on the topic of preven-
tion have shown that the study of physical vulnerability
in the texture of cities and attention to the principles and
standards of urban planning in it and the improvement
and renovation of the texture that needs action, can great-
ly reduce the effects of earthquakes. The possible occur-
rence of an earthquake in the city of Urmia and related
concerns has made it necessary to assess physical vulner-
ability. In this study, according to the special conditions of
Urmia, 13 different indicators such as: distance from fault,
land type, number of building floors, quality of buildings,
access status, etc. were used to express the vulnerability of

0%

45%

mvery high ®high ®moderate ®low
Figure 15. Graph of the percentage of earthquake-vulnerable
areas in the city of Urmia Using the Fuzzy AHP model

the region to earthquakes. The results showed that accord-
ing to the type of materials used in housing construction,
the number of floors and the quality of buildings and the
weights assigned to it, about 42% of the area of Urmia,
which is 11689933 square meters, has a high potential for
damage. The northern and western regions of Urmia have
less potential against earthquakes due to their renovation
and better access to the main arteries and green space.
Therefore, according to the evaluation of the study area,
District 2 of Urmia should be renovated or improved in
terms of construction and the quality of access to build-
ings in this area should be improved.
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