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Abstract. Achieving sustainable development in countries
prone to earthquakes is possible with taking effective measures to reduce vulnerability to earthquakes. In this context,
damage assessment of hypothetical earthquakes and planning for disaster management are important issues. Having
a computer tool capable of estimating structural and human
losses from earthquakes in a specific region may facilitate
the decision-making process before and during disasters. Interoperability of this tool with wide-spread spatial analysis
frameworks will expedite the data transferring process. In
this study, the earthquake damage assessment (EDA) software tool is developed as an embedded extension within a
GIS (geographic information system) environment for the
city of Tehran, Iran. This GIS-based extension provides users
with a familiar environment to estimate and observe the probable damages and fatalities of a deterministic earthquake scenario. The productivity of this tool is later demonstrated for
southern Karoon parish, Region 10, Tehran. Three case studies for three active faults in the area and a comparison of the
results with other research substantiated the reliability of this
tool for additional earthquake scenarios.

1

Introduction

Natural and human-induced disasters, from the Asian
tsunami to hurricanes Rita and Katrina to the earthquakes in
Pakistan, cause unpredictable losses in terms of human fatalities, private and public buildings, infrastructures, and financial assets (Handmer and Dovers, 2007; Tinguaro Rodriguez
et al., 2009). It is estimated that natural disasters cause 20
times greater losses in developing countries than in industrial countries (Westen, 2004). Disaster management deals

with complex decision making in different time periods and
consists of prevention, responding, and recovery from natural and human-made hazards (Michalowski et al., 1991).
After the calamity, there is a limited time and possibility to
carefully develop a representation of the incident; thus, much
effort is devoted to preparation for the emergency situation
(Michalowski et al., 1991).
Disaster management is not a simple process (Drabek and
Hoetmer, 1991) and requires many experts from different
fields to contribute and manage a large amount of data and
information – a significant part of which is spatial. Thus, the
geospatial information managers have an inevitable position
in disaster management groups before, during and after the
catastrophes.
The lack of a comprehensive and coherent planning to prevent and confront such disasters is a major issue in developing countries (Handmer and Dovers, 2007). A basic requirement for developing such plans is a damage assessment of
probable hazards and, more importantly, having a framework
to facilitate and expedite such estimations.
Therefore, developing an easy-to-use framework for the
assessment of damages and consequences of natural hazards is a critical issue in disaster management that may result in more effective sustainable rehabilitation programs and
preparedness (Tinguaro Rodriguez et al., 2009). There are
several systems worldwide for disaster management. A decision support system called NEGOPLAN was introduced
by Michalowski et al. (1991) to assist decision-makers for
the assessment of their decisions during disasters. In other
research, an expert system based on the fuzzy logic and a
large database of historical hazards was developed by Tinguaro Rodriguez et al. (2009) to verify the results of different disaster scenarios. If these tools were coupled with GIS
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(geographic information system) and could receive, work,
and generate spatial data, they would be worth more, because not only spatial data are more understandable and userfriendly but also a major part of the involved data in disaster
management is spatial.
Because Iran is one of the most earthquake-prone countries on Earth and the cost of damages resulting from a
severe earthquake to government, business, and families is
very high, this research is devoted to this natural event.
Numerous studies have attempted to analyze the historical earthquakes in terms of spatio-temporal indices (e.g.,
Hashemi and Alesheikh, 2011a), geostatistical models (e.g.,
Ashtari Jafari, 2010), stochastic modeling (e.g., Zafarani
et al., 2009), and geological and seismological inspections
(e.g., Hamzehloo et al., 2007; Shabestari et al., 2004) to predict future earthquakes. Additionally, various methods have
been proposed and implemented to depict the consequences
of hypothetical earthquakes in terms of risks (e.g., Karimi
and Hüllermeier, 2007), structural damages (e.g., Bird and
Bommer, 2004; Feyza Cinicioglu et al., 2007; Ansal et al.,
2009), fatalities (e.g., Hashemi and Alesheikh, 2011b; Ansal
et al., 2009; Coburn and Spence, 2002; JICA, 2000), and the
economic costs (e.g., Montoya and Masser, 2005; Ergonul,
2005) all over the world and especially for the city of Tehran
(JICA, 2000; Hashemi and Alesheikh, 2011b).
Seismologists believe that Tehran is under threat of an intense earthquake in the near future (Ashtari Jafari, 2010; Sadidkhouy et al., 2008; Yaghmaei-Sabegh and Lam, 2010).
The quick urban development in Tehran has resulted in an
increase in the levels of urban vulnerability to earthquakes.
Tehran is one of the most risky cities in the Middle East region because of the permanent population growth, with inappropriate land use assignment, improper construction techniques, and poor infrastructure systems, accompanied by a
high level of earthquake risk. Thus, this study aims to develop, implement and apply a GIS-based tool that allows the
disaster managers to estimate and observe the structural and
human impacts of different deterministic earthquake scenarios in the city of Tehran.
The methodology used for estimation of damages
has been developed in another study by Hashemi and
Alesheikh (2011b) based on the attenuation relation of modified Mercalli intensity (MMI), building fragility curves, and
the damages of historical earthquakes. In this paper, we
only use the mentioned study for the development of the
earthquake damage assessment extension (EDA extension)
of ArcMapTM using ArcObjectsTM and Microsoft Visual
StudioTM 8. Hashemi and Alesheikh (2011b) did not portray the results of their damage assessment methodology for
more than one earthquake scenario. Thus, this research aims
to extend their method for all the main faults around the city,
lessen the time span of the process, and make the extension
easy to use by any ArcGIS user.
ArcObjectsTM is chosen because it allows access to
functionalities that are not available via ArcMapTM ,
Nat. Hazards Earth Syst. Sci., 12, 3659–3670, 2012

ArcCatalogTM , or ArcSceneTM interfaces. It provides customization of the interface for end users and facilitates
adding functionality written by a third party Component Object Model compliant (COM compliant) programming language such as Visual Basic .NET, C++, Java, and Python
(University of Durham, 2007).
This research is organized in five sections. Section 1 describes the importance of the subject matter and presents an
overview of the selected studies related to the purpose of this
paper. Additionally, it highlights the productivity of the developed framework in disaster management for facilitating
frequently used processes and exposing them to other engaged persons and organizations. The methodology of casualty estimation and the postulates of EDA extension are
described in Sect. 2. A brief introduction of the applied programming framework and the workflow of the developed tool
are presented in Sect. 3. Section 4 demonstrates the results of
the application of EDA tool for six earthquake scenarios in
Tehran. Section 5 outlines the conclusions and future works.
Background
Damage estimation methodologies are classified into two
main types: regional and building specific. Because our approach belongs to the former category, this section focuses
on a few regional earthquake damage assessment methodologies.
Regional vulnerability evaluation attempts to estimate
structural damages for a large number of buildings in a geographical region such as a city (Ramirez, 2009). One of
the first attempts to estimate the number of injuries, casualties, and economic losses for six earthquake scenarios in
the San Francisco Bay was conducted by Algermissen et
al. (1972). In 1997, the Federal Emergency Management
Agency (FEMA) and the National Institute of Building Sciences (NIBS) launched a GIS-based regional loss estimation tool called HAZUS (NIBS, 1997). HAZUS is a nationally applicable, standardized methodology and software program for estimating potential regional losses caused by natural calamities. The HAZUS earthquake loss estimation module has a building classification system including 36 building
types (Aslani, 2005). Bird and Bommer (2004) evaluated the
damage to each section of the regional infrastructure from
ground shaking. Feyza Cinicioglu et al. (2007) inspected the
damages caused by ground shaking, landslide, and liquefaction separately and collectively.
The earthquake damage estimation methodologies and
computer-based tools are highly dependent on the existence
of census, demographic, and building inventories, the level
of detail and availability of geographical data, the geology
of the region, the structures of the surrounding faults, the
historical seismicity, and the social, economic, and political
supports. Thus, any methodology or tool that is developed
for a geographical region cannot be applied to other districts
www.nat-hazards-earth-syst-sci.net/12/3659/2012/
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with different characteristics, unless precise inspections and
modifications are considered.
The dynamic interaction between urban components or
subsystems and diverse forms of vulnerability (Rashed,
2003) and the concept of chain of losses and failures (Menoni
and Pergalani, 1996) proves that vulnerability is an inherently spatial problem. Integrating GIS technology into a
field with a drastic requirement to address various spatial
problems, analyses, and decisions has motivated many researchers to automate the vulnerability estimation procedure
by using GIS. Assessing rockfall susceptibility (Lan et al.,
2007), landslide susceptibility (Vahidnia et al., 2010; Mowen
et al., 2007), wind damage (Zeng et al., 2007), and groundwater containment distribution (Morio et al., 2010; Ali Akbar et al., 2011) are only a few attempts to involve GIS in
the assessment of vulnerability due to different natural and
man-made hazards.
To join this trend and obviate a city-wide problem of automating earthquake damage assessments, this study targets
developing a GIS-based tool that may be used before and during the seismic disasters. The tool can estimate the structural
and human losses caused by strong ground motions. If it is
used before the event occurs, it allows the municipal managers to evaluate the extent of damages and plan to retrofit
structures or to prepare for relief. If it is used during the
catastrophe, it assists making a primary estimation of ruins.

2
2.1

Materials and methods
Study area

The continental convergence between the Arabian and the
Eurasian plates (Sadidkhouy et al., 2008) makes Iran one
of the most tectonically active regions of the world. Instrumental and historical seismicity highlights three belts of active deformation in Iran: the Zagros range to the southwest,
the Alborz range to the north, and the Kopet Dag range to
the northeast (Martini et al., 1998). The highly populated
metropolis of Tehran is located at the southern foothills of the
Alborz Mountains (Ashtari et al., 2005; Doloei and Roberts,
2003; Martini et al., 1998) and is limited to the south by
the Bibi-Shahrbanoo Mountain and to the east by the Sepah
Mountain (Yaghmaei-Sabegh and Lam, 2010).
Three main active fault zones have surrounded the city:
the Mosha Fault, the North Tehran Fault, and the Eyvanekey
Fault. Hamzehloo et al. (2007) assigned magnitudes up to
M l7.2 to the earthquakes associated with these faults changing based on their lengths.
The Mosha Fault, at approximately 50 km from the center of Tehran and 200 km long (JIC, 2000; Hashemi and
Alesheikh, 2011a), seems to be one of the most active faults
in the area. This fault has experienced earthquakes of magnitudes larger than 6.5 in 958, 1665, and 1830 (Ashtari et al.,
2005). Hashemi and Alesheikh (2011a) showed that the eastwww.nat-hazards-earth-syst-sci.net/12/3659/2012/
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ern part of the Mosha Fault is more capable of generating
large earthquakes than the other faults in Tehran region by
using spatio-temporal analyses of the historical earthquakes.
Zafarani et al. (2009) showed that the Mosha Fault is capable
of generating earthquakes as large as M l7.4. As the first case
study, an M l6.4 earthquake scenario is assigned to this fault,
so that we can compare our estimations with Hashemi and
Alesheikh (2011b) results.
The North Tehran Fault over 90 km is located between
the western part of the Mosha Fault and the metropolis of
Tehran, but its northwestern part is pretty far from Tehran.
If the North Tehran Fault is activated, the impacts will be
heavier than those which would be due to the re-happening
of the earthquake in 958 associated with the Mosha Fault,
because the North Tehran Fault is located near and inside the
city. Zafarani et al. (2009) believed that this fault can cause
earthquakes up to a magnitude of M l7.2. The casualties from
a hypothetical M l6.4 earthquake originating from this fault
are estimated using EDA tool as the next case study.
The Eyvanekey (northern Ray) Fault is located at the
southern part of the city, where the soil is soft and the buildings are more vulnerable. The Eyvanekey Fault, over 60 km
long, extends along the Kahrizak (southern Ray) Fault in a
distance that ranges from 3 to 5 km. JICA (2000) hypothesized that these two faults have the same root and they are
branches of one fault. Martini et al. (1998) showed that the
Eyvanekey Fault can generate earthquakes as large as M l7.4
in the near future. However, Zafarani et al. (2009) estimated
a maximum magnitude of M l6.7 for this fault. EDA GIS extension is used for the assessment of the structural and human
tolls of an M l6.4 earthquake associated with this fault as the
last case study.
Because we consider the same magnitude for all three
earthquake scenarios, the loss estimations of different scenarios are comparable. Although an extensive building inventory and census database compatible with EDA tool is
provided for the city of Tehran by the municipality in 2006,
only a small part of the data located at the southern Karoon parish in Region 10 of Tehran is exposed to this study
by the Prevention and Crisis Management Organization of
Tehran. This parish is located between the longitudes of
51◦ 210 5000 –220 1200 E and latitudes of 35◦ 400 5000 –410 2400 N.
Figure 1 shows the city of Tehran and the main surrounding faults. The study area is highlighted in this figure. The
population of southern Karoon parish is 26 498 people, of
which 51 % are male living in 5293 buildings. This area has
an old context and urban structure with 61 % adobe buildings, which makes it too vulnerable to probable future earthquakes.
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1

Fig. 1. Study 2area: southern Karoon parish, Tehran, Iran and the surrounding active faults.
3

2.2

Fig. 1. Study area: Southern Karoon Parish, Tehran, Iran and the surrounding active faults.

Methodology

2.2.1

4

Structural damage estimation methodology

The choice of the damage estimation method, available
5
The ground shaking impact of the Mosha Fault is the only
databases, and the seismic hazard records and experiences
considered cause of damage to buildings in the work of
are the most6 important causes of great diversity in earthHashemi and Alesheikh (2011b), because it is the most devquake damage studies accomplished in earthquake-prone arastating seismic hazard (Bird and Bommer, 2004; Feyza
eas around the world (JICA, 2000; Schneider and Schauer,
23
Cinicioglu et al., 2007). Hashemi and Alesheikh
(2011b)
2006; Westen, 2004). The dependence of the damage estiestimated
the
earthquake
intensity
at
each
building
location
mation method on local characteristics of buildings and soils
modified
Mercalli intensity
(MMI)
attenuation
(2011b) using
estimated
the earthquake
intensity
at each
buildingrelation
location using Mo
emphasizes that the damage assessment method must1 be cuscorrected
for
local
geology.
They
used
Eq.
(1)
to
calculate
the
tomized for each region. That is why this tool is developed
2
Intensity (MMI) attenuation relation corrected for local geology. They used Eq.
ground
motion
intensity,
which
is
also
used
by
some
other
rebased on one of the recent earthquake damage studies by
3
the ground
motion(Crespellani
intensity which
is1991;
also Borcherdt,
used by some
other researchers (Cr
searchers
et
al.,
1997).
Hashemi and Alesheikh (2011b) in the metropolis of Tehran.
What follows are the details of the applied data, damage
es- Borcherdt, 1997).
4
1991;
timation method, the way that the method is fragmented into
8.61.48M
+ 1.48−
M6.4
– 6.4
14)++ 3.48 log (Fv) (1)
MMI MMI
= 8.6=+
loglog
+ +14)
(d (d
algorithms, and the framework of the tool.
(1
δIMMI
5
The MMI values obtained from the above equation take into account the earth
Nat. Hazards Earth Syst. Sci., 12, 3659–3670, 2012
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equation, M indicates the magnitude of the earthquake and d stands for the distanc

8

building and fault in km. The last term of Eq. (1) represents the MMI increases
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Table 1. Characteristics of different structural types.
1
2
3

Steel-1
RC-0
Steel-2

Steel MRF structure, built after 1992, with 1 to 3 stories
RC MRF structure, with more than 6 stories
Steel MRF structure, built before 1991 or with more than 4 stories

4
5
6

Brick and steel, or stone and steel
RC-1
RC MRF structure, built after 1991 and with 1 or 2 stories
RC-2
RC MRF structure, built before 1991 or with more than 3 stories

7
8
9

All wood
Cement block, brick and wood, stone and wood, all brick, stone and brick
Sun-dried brick and wood, sun-dried brick and mud

The damage to different building categories is estimated
by using nine fragility curves (Fig. 3). These curves model
the damage ratio to each building type based on the earthquake intensity at the location of building. They are developed in JICA (2000) project based on damage observations
of different building types in historical Iranian earthquakes.
They classified buildings into nine groups based on the structural type, number of stories and the construction year. Next,
they developed a fragility curve for each group. The detailed information of each building category is listed in Table 1. These fragility curves are adopted in EDA tool for the
calculation of ground-shaking–induced damage to buildings.
Algorithm for structural damage estimation

1
2

Fig. 2. Amplification in the velocity band (Fv ) around the city of

3

and study
area.
Fig. Tehran
2. Amplification
in the
velocity band (Fv) around the city of Tehran; and study area.

4
5
6
7
8
9
10
11
12
13

The MMI values obtained from the above equation take into
account the earthquake scenario, earthquake source characteristics and site-specific geological and geotechnical data.
In the above equation, M indicates the magnitude of the
earthquake and d stands for the distance between each building and fault in km. The last term of Eq. (1) represents the
MMI increases (δIMMI ) due to local geology (Feyza Cinicioglu et al., 2007). Fv in the last term represents the amplification in the velocity band. This factor is obtained for
each region based on the average shear wave velocity over a
depth of 30 m (Feyza Cinicioglu et al., 2007). Shafiee and
Azadi (2007) obtained shear-wave velocity characteristics
for different geological units throughout Tehran based on
Vs (30) values measured in 188 seismic profiles. Additionally, site amplification factors for different site conditions are
organized by AS/NZS 1170.4 (2005), which are compatible
with the information provided by Shafiee and Azadi (2007).
Figure 2 depicts amplification in the velocity band (Fv ) for
different parts of Tehran based on the combined results of the
two mentioned studies (Shafiee and Azadi, 2007; AS/NZS
1170.4, 2005). According to this figure, the Fv in the study
area is 1.4.

www.nat-hazards-earth-syst-sci.net/12/3659/2012/

Damage to buildings is calculated in four stages. Because the
distance between the desired site and the fault is required in
Eq. (1), at the first stage, the user must choose one of the
three active faults in the area. The tool then calculates the
distance between the fault and each building and stores it for
each building as an attribute. Another required parameter, Fv ,
is obtained from Fig. 2 for each building and stored automatically as an attribute of building data set. At the second stage,
MMI is calculated from Eq. (1) at each building location. Because the distance to the fault and Fv exist from the previous
stage, the only parameter that must be specified by the user
in this step is the earthquake magnitude. Finally, the calculated earthquake intensity is stored for each building as an
attribute.
In the third step, the damage to buildings has to be determined based on the building type, related fragility curve,
and the MMI at the location that comes from the previous step. For the purpose of this paper, damage estimation equations for different building types are determined
based on the translation of fragility curves (Fig. 3) into pro24
grammable polynomials. Next, the appropriate equation for
each building is selected based on its type to calculate and
store the percent damage. This part of the computations that
is more intricate and time-consuming used to be handled in
the MATLABTM environment. In the fourth, or last step,
the calculated damages are classified into ten equidistance
Nat. Hazards Earth Syst. Sci., 12, 3659–3670, 2012
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day/night ratio

1.2
1
0.8
0.6
0.4
0.2
0
6

7

8

9

10

MMI
1
2
3
4
5
6
7

1

Fig. 4. Daytime/nighttime fatality ratio obtained from historical Ira2
nian earthquakes (Hashemi and Alesheikh, 2011b).
Fig. 3. Fragility curves indicating damage ratio based on MMI for
Fig. 3. Fragility
curves indicating
ratio based
on MMI forby
different
types in
different
structural
types damage
in Tehran
developed
JICAstructural
(2000).
3
Fig. 4. Daytime/night-time fatality ratio obtained from historical Iranian earthquakes (Hashemi
Tehran developed by JICA (2000).
Table 2. Mortality and injury ratios for different building types in
4
and Alesheikh, 2011b).
Tehran, Iran (Hashemi and Alesheikh, 2011b).

batches and a convenient symbol is assigned to each
class.
5
Therefore, the user can observe the results based on a color
6
ramp.

8
9
10
11
12
13
14
15
16

2.2.2

Casualty estimation

7
8

Hashemi and Alesheikh (2011b) considered only the build9 the chaing collapse impact on human casualties, because
grining experiences highlight that 69 % of the fatalities of
10
historical earthquakes have been caused by building collapses (Daniell et al., 2011). Although there have11been many
studies and proposed methods of fatality appraisals around
12
the world (Ansal et al., 2009; JICA, 2000; Coburn
and
Spence, 2002), the Hashemi and Alesheikh (2011b)
method
25
13
is preferred here, because its parameters are customized for
the city of Tehran, where EDA tool is assumed 14
to be used.
They estimated the number of casualties in each building
sep15
arately based on its type, percent damage, population, and the
day/night fatality ratio in the following manner: 16
Number of deceased people = Day/night fatality17
ratio
× Population × Percent damage × Mortality ratio
18

(2)

Number of injured people = Day/night fatality ratio
× Population × Percent damage × Injury ratio

(3)

The mortality and injury ratios are presented in Table 2 based
on the building type. Although these ratios are obtained for
collapsed buildings of each type, they will be adjusted by the
percent damage in Eqs. (2) and (3). In addition, these ratios
are determined pessimistically (i.e., a higher weight is given
to the worse cases). Figure 4 shows the relationship between
MMI and the fatality ratio in daytime to nighttime developed
based on the previous actual damages in Iran by Hashemi and
Alesheikh (2011b).
Because the fatality ratio for the nighttime scenario, when
the residents are in their houses, is considered 1 in this article,
the ordinate of the above diagram may directly indicate the
fatality ratio for the daytime scenarios of different MMIs. For
example, the daytime fatality ratio is 0.92 for an MMI of 6.4.
Nat. Hazards Earth Syst. Sci., 12, 3659–3670, 2012

Building Type
RC buildings with 4 stories or more
RC buildings with less than 4 stories
Masonry buildings with 4 stories or more
Masonry buildings with less than 4 stories
Steel buildings with 4 stories or more
Steel buildings with less than 4 stories
Timber frame buildings

Mortality ratio

Injury ratio

1
0.8
0.6
0.5
0.5
0.4
0.3

0
0.2
0.4
0.5
0.4
0.4
0.4

Algorithm for casualty estimation
This part of the program is divided into four steps. The first
step determines the day/night fatality ratios for each building. As Fig. 4 shows, this parameter depends on the occurrence time and MMI. The MMI at the location of each building is already calculated and available. The time of the event
is received from the user by the designed user interface. If
the user selects the night as the time of the incident, the
day/night fatality ratio is considered 1, because it is assumed
that all residents are at their houses. If the day is selected,
the day/night fatality ratio is determined from Eq. (4) which
converts the diagram in Fig. 4 to a linear equation.
Day/night fatality ratio = (−0.2 × MMI) + 2.2

(4)

In the second step, the mortality and injury ratios from Table 2 are assigned to each building based on its type. Because
all variables in Eqs. (2) and (3) are calculated and existent for
each building, the third stage estimates and stores the number of killed and injured people in each building. Fourth step
aims to represent the fatalities in each building based on a
graduated color ramp. For this purpose, first the total number of killed and injured people in each building is calculated
and stored as a new attribute of the building. Next, the results are categorized and an appropriate symbol is assigned
to each category. Thus, the user can observe the human losses
visually.

www.nat-hazards-earth-syst-sci.net/12/3659/2012/
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1
2

Fig. 5. Earthquake damage assessment (EDA) tool: commands and associated window forms.

3

3Fig.
Framework
of EDA Damage
tool
5. Earthquake

4
5
6
7
8
9
10
11
12
13
14
15
16

time commands
of the occurrence.
toolbar and
the window
forms
Assessment (EDA) tool:
andEDA
associated
window
forms.

Using a programming language integrated in GIS has advantages for spatial modeling that are discussed by miscellaneous experts (Karssenberg, 2002; Karssenberg and De
Jong, 2005). ArcObjectsTM and Microsoft Visual StudioTM
8 are used to develop the windows-based system. The topic
of ArcObjectsTM usually appears when users comprehend
that programming ArcObjectsTM can actually decrease the
amount of repetitive work, streamline the workflow, and even
generate functionalities that are not readily available in ArcGIS (Chang, 2007). ArcObjectsTM is built using Microsoft’s
Component Object Model (COM) technology. Therefore, it
is possible to extend ArcObjectsTM by writing COM components using any COM-compliant development language
(Zeller, 2001). Here, we used an external development environment named C#. Additionally, while loosely coupled
models require the model to exchange data with the GIS,
ArcObjectsTM , a quite tightly coupled approach with the
GIS, allows the model to access and manipulate spatial and
attribute data that ArcMapTM (an application of ArcGIS) has
opened in memory (Stevens et al., 2007).
The total module of EDA tool is created as a base toolbar
(DLL) embedded into the ArcMapTM . The tool consists of
three base commands, each of which has an appropriate user
interface in the format of window forms. The user interfaces
assist the user to develop his/her favorite scenario in three
steps: (1) selecting one of the faults, (2) choosing a magnitude for the hypothetical earthquake, and (3) selecting the
www.nat-hazards-earth-syst-sci.net/12/3659/2012/

associated with each command are shown in Fig. 5.
The user interfaces have the flexibility to guide and alarm
the user if there is a problem during the process, such as lack
of the required attributes in the building data set, defining a
repetitive earthquake scenario, or not using the commands
in the specified order. The overall workflow of EDA tool is
shown in Fig. 6. The information required or produced at
each command is represented by ellipses. This new information is stored as new fields (column) in the attribute table of
the feature class.
Command 1: Calculate distance to fault
This command requires the geometry field of both fault and
building feature classes. It generates a new numerical field
in the attribute data table of the building feature class. The
distance between the building and the selected fault is stored
in this field.
Command 2: Calculate damages
The user interface of this command asks the user to select
a fault and specify a magnitude. If there is a field in the attribute table of the building feature class showing the distance to the fault and another field showing the Fv at the
location, this command adds two new fields to the attribute
table of the building feature class: (1) MMI at each building
location and (2) percent damage to each building. At the end
of the process, the results are shown to the user graphically.

Nat. Hazards Earth Syst. Sci., 12, 3659–3670, 2012
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1
Fig. 6. Workflow
of earthquake damage assessment (EDA) tool.
2

3
Fig. 6. Workflow of Earthquake Damage Assessment (EDA) tool.
Command 3: Calculate fatalities
culate the distances, damages, and fatalities, all in the last
command. However, separating the components makes them
4
reusable for other purposes. For example, another tool or
The user interface of this command asks the user to select a
command may benefit from the components of the current
5
fault, specify a magnitude, and choose a time for the hypoprogram or even the user may utilize the first or second comthetical earthquake. The defined earthquake scenario in the
6
mands of EDA tool for other purposes. That is why the user is
user interface must not be repetitive; otherwise an alert will
required to enter the fault and the magnitude of the scenario
inform the user that the results of this scenario have been al7
in each step.
ready calculated and available in the attribute data table of
the building feature class. In addition, to calculate the num8
ber of fatalities, this command requires the percent damage
of each building.
The percent damage must be calculated via
4 Demonstration and validity of EDA tool
9
the previous command and available via attribute data table
of the building feature class. Therefore, if the user has not
Three case studies are considered for three main faults
executed the previous command before this one, an alert will
around the city, each of which implemented for either day
refer him/her to the appropriate command. If the scenario is
and nighttime scenarios. The first case study belongs to an
28 Mosha Fault.
not repetitive and the order of commands is observed, three
M l6.4 earthquake generated by rupture of the
new fields are generated and filled in the attribute data table
The damages to buildings and casualties for the daytime sceof the building feature class: (1) the number of killed people,
nario are depicted in Fig. 7.
(2) the number of injured people, and (3) the total number
Damage to 32 % of the buildings is between 11 to 32 %,
of killed and injured people. Finally, the human losses are
damage to 6 % of the buildings between 62 to 71 % and the
presented graphically using a color ramp.
rest of the buildings experience a total collapse. According to
It was possible to program or code the entire process in
the estimations, 9183 people for the nighttime scenario and
5893 people for the daytime scenario out of 26 498 people are
only one command. In other words, it was possible to cal-
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Fig. 7. (a)1Structural damages due to an M l6.4 earthquake associated with the Mosha Fault and (b) casualties for the daytime scenario.
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Fig. 8. Casualties
due to an M l6.4 earthquake associated with the North Tehran Fault: (a) nighttime scenario; (b) daytime scenario.
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killed and 8139 people for the nighttime scenario and 4953
people for the daytime scenario are severely injured.
Evaluation of the proposed method requires the detailed
statistical information about the structural damages and human losses of a real earthquake in the study area. Although
there are some historical earthquakes in this region or nearby
areas, the statistical information about the consequences does
not exist or is very general and not reliable. For example,
the most recent damaging earthquake in Tehran goes back to
1830, when there were not any recorded census data before
and after the calamity. Therefore, a real investigation of this
method is postponed to future.
Because the nighttime scenario of this hypothetical earthquake completely matches the case study in the Hashemi
and Alesheikh (2011b) project, it may be used to evaluate
the accuracy of the results. They estimated the following:
“32 % of buildings experienced 12–33 % damage, 5 % experienced 64–72 % damage and the remainder experienced
more than 91 % damage. Approximately 8655 people out of
26 498 were killed and 7279 suffered injuries.” Because the
results of this case study are almost the same in both studies,
we can claim that our tool performs its duty at an acceptable level of accuracy. However, this cannot substantiate the
precision of the tool, because the results are considerably dependent on the accuracy of the inputs and the precision of the
method.
An M l6.4 earthquake assigned to the North Tehran Fault
is the second case study. The results show that this earthquake could destroy all the buildings, kill 13 985 and injure
11 286 people for the nighttime scenario and 3566 and 2877
people for the daytime scenario. Casualties for either day and
nighttime scenarios are depicted in Fig. 8.
The third case study belongs to an earthquake with a magnitude of 6.4 generated by the Eyvanekey Fault. According
to EDA tool estimations, all buildings are completely ruined,
13 985 and 11 286 people for the nighttime scenario and 3460
and 2792 people for the daytime scenario are killed and injured, respectively. For the nighttime scenario, the estimated
numbers of casualties are the same as the North Tehran Fault
earthquake scenario (previous case study), because the casualties are estimated based on the structural damages, which
are the same for both scenarios; the MMI does not have a direct role in nighttime scenarios. However, there is a small difference in daytime casualties between current and previous
case studies. Although the structural damages are the same,
the MMIs are different and the daytime casualties depend
on the MMI (refer to Fig. 4 and Eq. 4). If someone wants
to compare the intensities of these two earthquake scenarios,
he/she must refer to their MMI fields. The MMIs generated
by the North Tehran Fault earthquake are 0.04 larger than
those produced by the Eyvanekey Fault earthquake on average, because the North Tehran Fault is closer to the study
area.
The comparison of the consequences of these scenarios
and the investigation of severity of them are very important,
Nat. Hazards Earth Syst. Sci., 12, 3659–3670, 2012

but delayed for another work. In addition, the application of
EDA tool for entire metropolis of Tehran may be very informative for earthquake disaster mitigation purposes and effective in developing a city-wide disaster management plan, but
it requires the detailed building and census data.

5

Conclusions

The structural and human consequences of a specific earthquake scenario in the highly populated metropolis of Tehran
used to be estimated by a very time-consuming process in the
ArcMapTM and MATLABTM environments involving several experts. This process constrained users to transfer a large
amount of data between these two software environments and
entangled users in complicated computations. With the presentation of earthquake damage assessment (EDA) tool that
can be installed on ArcMapTM , the above process is fulfilled
in less than an hour by any amateur ArcGIS user.
There are three basic commands in EDA toolbar, each of
which has a convenient user interface interacting with the
user during the execution of the requested scenario. The
results are displayed in the user-friendly interface of the
ArcMapTM application automatically. In the first step, the
distance between the building and the selected fault is calculated and stored in a new field added to the attribute data
table of the building data set. In the second step, the earthquake intensity at each building location is estimated by using the MMI attenuation relationship. Next, the damage to
each building is calculated based on the obtained MMI and
the customized fragility curves. In the third step, the number
of fatalities due to the building collapses is calculated using
customized functions for the city of Tehran. Finally, the results are presented to the user both graphically and in tabular
format.
Although the equations used in this study are extracted
from other projects, they are illustrated, expanded for other
faults and sites, converted to programmable algorithms, and
coded in ArcObjectsTM . In addition, EDA tool is applied for
a small region in Tehran, Iran, and the structural and human
losses of six earthquake scenarios are investigated. The comparison of one of the case studies with the results of other
research proved the accuracy of EDA tool, but it cannot indicate the precision of the method in predicting the impacts
of a real earthquake. Besides, the precision of the inputs, geological factors and variations, and fault traits, which are not
considered in the current method, may affect the results of
EDA tool.
The methodology may be refined in certain ways. First of
all, the building damages are calculated based on the MMI as
an intensity scale, but it requires being replaced by a factor
that is better linked with different building types and heights,
such as peak ground acceleration (PGA) or spectral acceleration (SA). In addition, different steps of damage estimation
are accompanied by uncertainties, which must be modeled
www.nat-hazards-earth-syst-sci.net/12/3659/2012/
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in future versions. On the other hand, the estimated number
of fatalities by this tool will constitute most but not all of
the expected casualties, because, in addition to the structural
failure caused by the strong ground motions, there are many
other direct and indirect causes of damage consisting of major tsunamis, landslides, liquefactions, and wide-spread fires,
which are neglected in the presented methodology. Improvement of the damage assessment method by considering the
above issues and exerting the changes on EDA tool may be
some topics of the subsequent research.
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