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ABSTRACT

In this paper a new methodology is presented for comprehensive assessment of the seismic risk in
urban areas. In this method, the seismic risk is characterized by definition of physical, human life and socio-
economic risk indices. Each of the risk indices are estimated in relative scheme through weighted
combination of its sub indicators. Moreover, new hazard factors are defined to make a better interpretation of
risk as a combination of the vulnerability and hazard. The response capacity of each urban zone is aso
measured by indicators of planning, resource, accessibility and evacuation capacity. The overall relative
seismic risk index (RSRY) is then defined as a function of the three risk indices as well as response capacity
index. The proposed method is applied to assess the risk at 22 municipa districts of Tehran in case of North
Tehran Fault Scenario Earthquake. The results show that physical and human life risk indices in district 4 of
the city are greater than the others. Meanwhile, in socio-economic aspects, district 6 is the highest and
district 15 has relatively the maximum overall risk among others. Finally, comparison of the results with
JICA study is performed to show the benefits and efficiency of the model.

INTRODUCTION

Similar to al earthquake prone regions in the world, cities of Iran are disposed to seismic threats and
experienced earthquakes with large magnitudes in their history (Hessami et al., 2003). Despite the significant
development of urban areas in Iran after 1984, still some deficiencies such as population growth, improper
occupancy of the land, as well as vulnerability of old buildings, infrastructures, and other urban elements
increase the potential consequences of earthquake in Iran cities. These condition, make it essential to perform
a comprehensive assessment of risk in Iran's cities to provide an applicable tool for managers and decision
makers to allocate their resources for risk mitigation appropriately.

Assessment of the risk is the primary state for any risk reduction and disaster management activities
and plans. In other words, usualy in urban areas there are no sufficient resources for risk mitigation and
retrofitting in various aspects in all urban zones. Therefore, it isimportant to determine the priorities of risk
reduction activities. There have been many studies for developing methodologies for earthquake risk
assessment by considering various aspects of hazard and vulnerability, such as, physical, socia and
economic aspects (Davidson and Shah 1997; Barbat, 2003; Birkmann, 2007; Cardona et al., 2007, 2009;
Khazai et d., 2008; Duzgun et a., 2011). In case of Iran, many studies have been performed to assess the
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seismic vulnerability and risk in urban areas, especially for Tehran (Bahreini, 1998; JICA, 2000, 2004 and
2010; Zebardast, 2007; Ghadiri, 2008; Frughi, 2010; Mansouri, 2010; Ghayamghamian et al., 2011,
Motamed et al., 2012). These studies, which performed for Iran's cities and other countries, have some
deficiencies for assessment of the risk. Some methods are not comprehensive and some proposed
methodol ogies and parameters, which are local or need alarge amount of datafor quantification.

Hajibabaee et al. (2013, 2014) presented a new methodol ogy, which has the ability to assess the risk of
earthquake in Iran's cities based on relative scheme and by using fewer amounts of data. The method takes
into account various hazard, vulnerability and response capacity aspects, through employing a
comprehensive set of physical and socio-economic indicators. In this approach, estimation of the risk is
performed by combination of vulnerability indicators with their directly-related hazard factors. In addition,
the methodology considers the effect of pre- and post- earthquake response capacities. Moreover, the sharing
of resources among adjacent urban zones after the earthquake is considered by using expert opinions. Then,
Relative Seismic Risk index (RSRi) is defined and calculated through weighted integration of risk and
response capacity indicators.

In this paper, the model is introduced and implemented for assessing the risk of Tehran city in case of
North Tehran Fault Scenario Earthquake. Moreover, it is tried to compare the results with the results
generated by JICA (2000), which is one of the most reliable risk studies for Tehran. For this purpose, in this
study, the 1996 census data is used, which was gathered and corrected by TDMMO and JICA Team.

METHODOLOGY

In the proposed method, the earthquake risk at urban areas is characterized by using three main indices
of physical, human life and socio-economic risks. Table (1) shows the defined indicators, parameters and
their associated weight factors considered to quantify each of the risk indices. The weight factors (w) for
each of indicators and indices are determined based on expert opinions by using AHP method.

Since, the vulnerability of physical elements of an urban area (buildings, utility lifelines and
transportation systems, etc.) would result to the direct and indirect losses, three indicators of building, utility
lifelines and transportation vulnerabilities are proposed to characterize the physical risk. To assess the
building risk, urban buildings are classified into eight types (based on their structure) and the risk is
estimated by considering structural, non-structural and content losses. Also the urban building occupancies
are classified into eight categories in order to estimate the population distribution during three scenario times
of earthquake event (2 A.M, 2 P.M, 5 P.M).The casualty indicator is then estimated based on building
damage states, casualty rates associated to each building type and the distribution of population in various
building types.

The urban lifeline risk is defined by considering water, gas, electricity and tele-communication
networks. For estimation of this indicator, the physical damages and physical non-functionalities as well as
interaction effects of lifelines on each other, are considered. The risk of transportation network is defined as
a separate indicator due to its individual characteristics. The transportation risk is defined as the physical
damages of urban roads, which is estimated based on permanent ground deformation (PGD).

The density of building and popul ation as well as preparedness level of people which can significantly
affect the evacuation and self-rescue in-time or just after the disaster, are aso considered to assess the human
life risk index. Furthermore, two indicators are selected for assessment of socio-economic risk condition;
social disruption indicator that shows the disorders and violence of people, and household economic
condition, that represents the economic resiliency of households.

In this method, the indicators of building, lifelines and transportation risk are estimated by using
damage functions and fragility curves. However, indictors of socio-economic risk index as well as density
and preparedness indicators are estimated through combination of their associated vulnerability and
equivalent hazard factor (EH). This hazard factor is defined based on the probability of building damages
and fireignition. In fact, it is assumed that this factor is the main and direct threat, which can cause the risk
and conseguences in case of socio-economic and evacuation vulnerabilities. The more description and the
method for quantification of each indicator can be found in Hgjibabaee et al. (2013) study.
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Table 1.Riskindices and their indicators (Hajibabaee et al., 2013)

Index Sub-components (Indicators) w
. . R1: Building risk 0.60
Phyzvca' :”OS‘;(S;?F’H) R2: Utility lifeline risk 0.30
P R3: Transportation risk 0.10
o R4: Casualty potential 0.75
H”mfz\’l‘v"fgg'gé)(R“L) R5: Density 0.15
HL— R6: Unpreparedness (of people) 0.10
Saocio-economic risk (Rsg) R7: Social disruption potential 0.50
(wse=0.20) R8: Household's economic condition 0.50

Furthermore, in this method the capacity for response and management of the risk is defined by
response capacity index. This index includes the planning, recourse, accessibility, and evacuation condition
for risk management and response activities. Also the post-earthquake reduction of response capacity due to
earthquake damages is measured by means of reduction factors. Moreover, sharing of the resources among
adjacent urban zones is considered in estimation of the capacity of each urban zone. Table (2) represents the
indicators, their components and weight factors considered for assessment of the response capacity index.
The approach for quantification of these indicators is described by Hajibabaee et al. (2014).

Table 2. Response capacity indicators (Hajibabaee et a., 2014)

Index Sub-components (Indicators) w Sub-indicators w
. . . Adequacy level of plan(s) 0.50
C1:Planning Indicator (Rcp) 0.25 Implementation level of plan(s) 050
Available financial resources 0.30
Response | C2:Resource Indicator (Rcg) 0.35 | Equipment and facilities 0.35
capacity Trained manpower 0.35
(Ro) A i il . Road physical damage 0.30
C3:Accessibility Indicator (Rca) 0.20 Road blockage 0.70
. . . . Regional evacuation capacity 0.50
C4:Evacuation Capacity Indicator (Rcg) 0.20 Community evacuation capacity 050

Finally, the total seismic risk index (RSRi) is defined by equation (1) as a combination of the risk and
response capacity indices.

RSRi = We RPH + Wi RHL +WSERSE (1)
1.0+ Ln(Rc)

The mathematical relations for assessing each of the risk and response capacity indicators are
formulated somehow to estimate the relative quantities instead of the obsolete ones. The relative scheme
helps to compare the risk among urban zones at arbitrary scales (neighborhood to district/town levels)
without having the result of absolute risk assessments. It al'so permits the application of simple and indirect
techniques for ssimple quantification of the indicators. In this method, the values estimated for each indicator
is normalized by means of ‘mean minus two standard deviation method’, which usually generates the
normalized values between 0 and 4.0. Therefore, the RSRi as a compound index represents the relative risk
of the earthquake among under study urban zones. Thisindex can be used to determine the relative condition
of therisk. Also, the contribution of each indicator in total RSRi value of each zone can be revealed to inform
the city managers and decision makers about the priorities of risk mitigation activities

IMPLEMENTATION

In this paper, the presented method is implemented to assess the risk in 22 municipal districts of
Tehranin case of North Tehran Fault Scenario Earthquake. As aresult, the relative risk and the effect of each
indicator in estimated value of RSRi at each zone can be revealed. Such results have a significant role in
determination of priority activities for risk mitigation. The distribution of peak ground acceleration for this
scenario is presented in Figure (1a) based on JICA (2000) studies. Figure (1b) shows the measured values for
equivalent hazard factor (EH) in different districts of the city. As illustrated, the PGA vaue in northern
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districts especialy districts 1 and 3 is higher than other ones. However, EH which represents the threats of
building damages and fire ignition is higher in some southern districts.
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Figure 1. Values of (a) PGA, (b) EH, at districts of Tehran, North Tehran Fault Scenario Earthquake

The estimated normalized values of physical, human life and socio-economic risk indices as well as
response capacity index at different districts are presented in Figs. 2 to 4. As shown, the physical and human
life risk indices in district 4 of the city are greater than the others. On the other hand, districts 6 have the
highest risk in socio-economic aspect. Also from Figure (4b), it can be concluded that the capacity of
response in northern districts especialy districts 2 and 4 is higher than northern ones. The estimated val ue of
the total relative seismic risk index (RSRi) in different districts of the city is displayed in Figure (5). As
illustrated, districts 15 and 17 have relatively the highest overall risk, districts 4 and 12 are in next position
and the relative risk of districts 2, 6, 13 and 22 is the lowest.

Figure (2b) depicts the built floor area of buildings, which would be completely collapsed during the
earthquake. Figure (3a) shows the average number of dead persons for three scenario time of earthquake. As
illustrated, district 15 has the most quantity in both figures. These consequences as well as having high
socio-economic risk and low response capacity at this district are the main causes for being placed on the
first step of total relative risk (RSRi). Also, in district 4 despite having arelatively high potentia for response
and management, risk indicators and RSRi are high due to large amount of hazard and high level of
vulnerability.
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Figure 2. (a) Normalized Physical risk index (Repy), (b) Building collapsed area, at districts of Tehran
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Figure 3. (a) Normalized Human life risk index (Ry.), (b) Average dead person, at districts of Tehran
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Figure 4. Normalized values of (&) Socio-economic risk index (Re), (b) Response capacity (Rc), at districts of
Tehran

In addition, to illustrate the benefits of the model, the results of ranking are compared with JICA
(2000). In JICA study, six indicators of average seismic intensity, residential building damage ratio, death
ratio, population density, open space per person, and narrow road ratio are employed and their scaled values
are combined linearly for assessing the risk index. Accordingly, districts 10, 17, 12, 11 and 7 are ranked from
1to 5, respectively.

The rank of each district for each index of this study is illustrated in Table (3). As seen, the rank of
district 17 and 12, which is 2™ and 4™, respectively, are rather similar to JICA results. However, there is a
big difference in rank score of some other districts such as 4 and 15. Digtrict 15 is the first and district 4 is
the 3" priority of the mitigation in our estimations, while in JCA report they are at 17" and 20™ step,
respectively. The comparison of the results with JCA demonstrates the importance of including al the
various aspects of risk and response capacity for seismic risk assessment, which are not properly assigned in
JICA study. Moreover, we believe that the indicator of average seismic intensity, which included in JCA
model, should not be considered as a separate indicator since the risk is a combination of hazard and
vulnerability. Also, the ratio of damage and death (for assessing the indicators of residentia building damage
ratio and death ratio in JCA) may not be a reasonable parameter for comparison of overal risk and
estimation of mitigation priorities among different districts. The above comments can partly justify the main
reasons for dissimilarities between the current study and JICA results.
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Figure 5. Normalized values of relative seismic risk index (Rsi?i), at districts of Tehran

Furthermore, from Table (3) the rank of RSRi by considering the actual values of Rc (RSRi with Rc)
can be compared with the results of RSRi by setting the value of Rc=1 for al districts (RSRi without Rc).
This comparison can illustrate the significant effect of considering response capacity term in estimation of
the seismic risk and determination of mitigation priorities. The results show that by employing real amounts
of Rc, the RSRi rank in many districts (such as 1, 2, 5, 6, 9, 10, 11, 17 and 19) is changed significantly.
Accordingly, district 2 which has the 7" priority of risk mitigation among the others (as shown in Table 3)
falls to 20", and the rank of district 6 is changed from 10"to 19". On the contrary, the RSRi rank of district
10 is changed from 17" to 6™ due to inclusion of response capacity term.
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The results of this study in addition to results of risk assessment at Tehran in case of Ray Fault
Scenario Earthquake, which is presented by Hgjibabaee et a. (2014), illustrate the high priority of risk
reduction and mitigation activities for districts 15, 17, 12 and 18, which are among the five highest rank
scores in both study results. Also, in both study, districts 2, 13 and 22 are among low priority districts. The
contribution of each indicator in overal risk at each district can guide decision makers and city managers to
understand the deficiencies and make appropriate decisions for mitigation and risk reduction activities.

CONCLUSION

In this paper, a new method was introduced for comprehensive assessment of seismic risk in urban
areas. The method includes a set of physical, human life and socio-economic indicators to assess the overall
seismic risk. Furthermore, four indicators of planning, resource, accessibility and evacuation capacity were
presented to measure the response capacity. This methodology by defining new indicators and mathematical
relations makes an improvement in assessing the risk in urban areas, where the required data for absolute
assessment of losses and casualties are not available. The improvement of the results was verified in this
paper by estimation the risk of Tehran city in case of North Tehran Fault Scenario Earthquake and
comparing the results by those from JICA (2000). The main features and improvements of the model are
presentation of a comprehensive set of indicators and evaluation of them based on relative scheme and new
mathematical relations as well as definition of hazard factors and including the response capacity term.
Moreover, native characteristics of the model such as using local fragility curves, collapse rates, casualty
rates and population distribution parameters make the model suitable to be used for Iranian cities. However,
it can be easily modified for implementing in other cities of the world.

Table 3. Digtrict distribution regarding to total rank of main indices

Main indices
RSRi RSRi
Total | Ren | R | Re | Re without Rc | with Rc
rank District number
1st 15 4 6 2 15 15 Highest
2nd 4 15 | 18 4 4 17 risk
3rd 1 1 4 5 1 4
4th 12 3 15 6 3 12
5h | 20 | 12 | 17 1 12 18
6th 16 8 19 3 5 10
7th 2 5 20 7 2 11
8th 3 2 5 20 18 3
oth 5 7 16 | 15 16 16
10th | 22 | 17 2 13 6 19
11th | 11 | 16 3 16 17 8
12th | 18 | 14 | 21 | 22 8 1
13th | 21 | 10 7 8 7 9
14th 6 1 | 12 | 14 20 14
15th | 19 | 18 | 14 | 21 11 5
16th | 10 6 10 | 12 14 7
17th | 14 | 13 9 18 10 20
18th 7 20 | 11 | 11 21 21
19th | 17 | 21 1 10 19 6
20th | 8 9 8 19 13 2
21st | 13 | 19 | 13 9 9 13 Lowest
22M 9 2 | 22 | 17 22 22 risk
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