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Types of URM Loss Reduction Programs Ranked by General Effectiveness (From Most to Least (CSSC,
1995):

Program Type Summary

Mandatory Strengthening These programs require owners to strengthen
or

otherwise reduce risks in their buildings within
times prescribed by each local government.
Time

schedules vary and generally depend on the
number of occupants. Programs are based
upon

the City of Los Angeles’ Division 88 ordinance

- Summary report of URM retrofitting laws &
http://www.seattle.gov/dpd/cms/groups/pan/@pan/documents/web_informational/dpds021958.pd
f

Summary report of URM retrofitting laws 52

Summary report of URM retrofitting laws %

Status of the URM law 2006 **
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)LA, 1981) which is also the historic basis for
the

Uniform Code For Building Conservation
JUCBC) Appendix Chapter 1 (ICBO, 2001) and
the Seismic Safety Commission’s
Recommended

Model Ordinance (CSSC, 1995). Triggers for the
Model Ordinance were developed in 1991 in
cooperation with the California Building
Officials .

This is the most effective program type.

Voluntary Strengthening These programs establish seismic retrofit
standards and require owners to evaluate the
seismic risks in their buildings. Owners then
write

publicly available letters to their local
governments indicating when they intend to
retrofit (CSSC, 1990). This type of program is
somewhat more effective than Notification Only

Other Types Variations of the other program types with
unique requirements and ranges of
effectiveness. (CSSC ,1995)

Notification Only Local governments write letters to owners
stating

that their building type has been known to
perform poorly in earthquakes. This is typically
the least effective type of program. Most
jurisdictions have adopted more comprehensive
measures than this.
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Table 5.F: Status of Unreinforced Buildings in Seismic Zone 4

Number Status Percent Complete
18,144 Mitigated 70
14,203 Retrofitted to various standards 55
10,762 Retrofitted to the UCBC 41
3,441 Retrofitted to other standards 13
3,941 Demolished 15
7,801 Unretrofitted 30

Source: California Seismic Safety Commission. "55C 2006-04." 2006. www.seismic.ca.govy
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Figure 7

URM Data for City of Los Angeles Arranged by City Council District and MMI
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Earthquake Scenario Losses, | Earthquake Scenario Losses, Northern California
State of California Multi-Hazard Mitigation Plan, Chapter 5, pp. J1nn Southern California

140-141
a Projected Projected Range | Projected Range
Patential Esrthopeake Scanprios M., Building Damage" of Deaths of Injuries

San Andreas Fault: Repeat of the
1906 San Francisco Earthquake® 7.9 594,000 800 - 1,600 22,000 - 32,000
San Andreas Fault: Santa Cruz,
Peninsula, and North Coast
Segments” 74 £122,000 1,B00 - 3,400 39,000 - 59,000
San Andreas Fault: Santa Cruz and
Peninsula Segments." 74 S30,000 2,100 105,000
San Andreas Fault: Santa Cruz
Segment” 7.0 $5,900 - -
San Andreas Fault: Peninsula
segment” 7.2 524,000 1,300 66,000
Southern Hayward: Repeat of 1868
Earthguake® 6.7 515,000 200 42,000
Northern Hayward" 6.5 59,000 200 12,000
Southern Hayward and Northern
Hayward" 6.9 523,000 400 20,000
Rodgers Creek” 7.0 58,000 150 10,000
Southern Calaveras and Central
Calaveras® 6.4 $3,200 - -
Morthern Calaveras® 6.8 510,000 200 15,000
Southern, Central, and Morthern
Calaveras" 6.9 513,000 - -
Concord® 6.2 $2,800 200 5,000
Green Valley” E.5 $3,200 - -
Concord and Green ".-'alle',-" 6.7 56,800 - -
San Gregarin" 7.4 515,000 350 19,000
Mount Diablg® 6.7 57,000 40 3,000

"M is an earthquoke magmitude scake
Bl millions of deliars

“Kircher, et al. “When the Big One Strikes Again — Estimated Losses due to a repeat of the 1906 San Francisco Exrthquake. ® EERI

Spectra Val. 22, No. 52_ April 2006.
“Miller, 2007, CAL EMA GIS Unit
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Table 5.D: Earthquake Scenario Losses, Southern California

a Projected Projected Range | Projected Range
Potential Earthquake Scenarios M., Building Damage" aof Deaths of Injuries

Puernte Hills Fault® 7.1 SBY,000 A0-700 1,700-11,000
Mewport-Inglewood” 6.9 545,000 150-1,900 5,200-33,000
Palos Verdes 7.1 530,000 80-1,050 24,00-19,000
Whittier Fault® 6.8 529,000 30500 2,300-13,000
Verdugo Fault® 6.7 524,000 100-1,300 3,150-18,700
San  Andreas Fault: Southern

Rupture” 7.4 518,000 50-420 1,700-8,100
S5an Andreas Fault: Repeat of 1857

Earthquake™® 7.9 £150,000° 60-800 2,200-15,000
Santa Monlca® 6.6 517,000 40-190 2,000-13,000
Raymond Fault® 6.5 517,000 60-520 2,150-11,700
San Joaguin Hills® 6.6 515,000 60-920 2,200-15,500
Rose Canyon® 6.9 514,000 40-600 1,300-9,000
San Jacinto® 6.7 57,000 30-400 1,500-7,000
Elsinore Fault® 6.8 54,000 40-70 450-2,000

"M is an earthguoke magmitude scale
B millions of deliars
“Huls, 2007, Cal EMA GI5 unit, HAZUS scenario

“1857 Fart Tejan Earthgquaks Sperial Repart, 2007, Rick Managemant Salutions
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California Seismic Safety Commission. — 2006 niwa n119'7)7 'an12 02NN 2IT'N NI
"SSC 2006-04.” 2006. www.seismic.ca.gov

Appendix A

2006 Survey of City and County Mitigation Efforts
in Seismic Zone 4

Average Mitigation Rate
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Bay Area n N"ITINN) 170'0119 |0 7w Y1910 NITRA PIT'N? D'¥"INN DID'0 - "A n'7a0
1990 miwa (Incentives

FULLERTON| LONG BEACH| PALOALTO | SONOMA | TORRANCE | UPLAND WEST
HOLLYWOOD
Retrofit sdeferred, no long-term 11.3% sengineers reports *fee waivers scngincering «design and facade | +fce waivers
Incentives interest loans financing made public ~design rebates subsidy improvement ~zoning incentives
*matching loans sexemption from slong-term 10,75% | rebates srent control
zoning financing * bank loans modifications
requirements <long-term financing
Funding redevelopment special assessment no program Costs redevelopment | especial assessment | «CDBG sgeneral fund
Source agency bond issue agency bond issue scommercial bank | «Mello-Roos bond
~geaeral fund loans issue
C flexible regarding | largest special uscd by many asa | =creative system| first special ~qualified for CDBG | *multi-faceted
scope and timing | assessment finan- model voluntary for prioritizing|  assessment under "Slum and approach
of mandatory ing done for thie retrofit program buildinge financing done Blight" category
retrofitting purpose in for this purpose +includes rent control
California sclear, simple in California sarranged for modifications
soffers attractive informational reduced cost allowing acceleratcd
loans to owners packet local bank loans pass-through of
(untested) retrofit costs
+very thorough +Mello-Roos
pplication package| financing in J
Ordinance Type | mandatory mandatory mandatory mandatory manJatory mandatory mandatory
retrofit retrofit enginecring reports | retrofit retrofit engineering reports | retrofit
# URMS 125 560 46 51 50 65 81
Type of URMs 99% c ial 90% ial 100% ial | 90% 0% | 100% ial | 80% commercial
1% residential 10% residential 10% residential |  30% residential 20% residential
Population 109,000 430,000 57,000 8,000 133,500 64,000 36,000
1990/91 General
Fund
Revenues: $42 million $224 million $48 million $3 million $93 million $22 million $34 million
Fund Balance: $ 5 million $ 11 million $14 million $1 million $10 million $ 8 million $700,000 J
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Figure 76: Plot of overall building damage level for different levels of percentage of NBS earthquake strengthening
(sourge: Ingham and Griffith?)
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Figure 77: Damage comparison between URM buildings strengthened to 33% NBS and no
retrofit (source: Ingham and Griffiths)
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Figure78: Damage comparison between URM strengthened to 33-67% NBS and no retrofit
(sourge: Ingham and Griffith®)
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Figure 79: Damage comparison between URM buildings strengthened to 67-100% NBS and
no retrofit (source: Ingham and Griffith?)
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Abstract

While regions with high seismicity have been widely investigated, areas with moderate seismic hazard has not
been fully adequately studied as being exposed to high risk due to their vulnerable built environment. A standardized
and straightforward risk assessment methodology is needed for public authorities in moderate seismic / high
vulnerability areas to assess the potential seismic risks and to make corresponding structural strengthening plans for
protecting properties and people’s lives. Adopting the standardized seismic loss assessment tool HAZUS, this study
aims to present the methodology for investigating the economic feasibility of the pre-earthquake structural
strengthening of buildings by means of benefit-cost analysis. Therefore, the specific objectives of this study are to:
(1) to assess the seismic risks with building and demography parameters which can fully represent the characteristic
of local built environment, (2) to conduct benefit-cost analysis of the seismic mitigation activities, and (3) to verify
the applicability of the present methodology by a case study. To assess risk from earthquake hazards, both
deterministic and probabilistic earthquake scenarios were simulated, combined with micro-zoning studies,
geological characteristics, building inventories, population distribution, and adaptation of the building fragility
curves and casualty matrix to the local conditions. This study intends to provide public decision makers a
standardized methodology for justifying the economic feasibility of seismic risk mitigation alternatives so that a
cost-efficient public earthquake mitigation strategy can be achieved.

© 2014 The Authors. Published by Elsevier B.V.
Selection and/or peer-reviewed under responsibility of the Centre for Disaster Resilience, School of the Built
Environment, University of Salford.

Keywords: benefit-cost analysis; casulty rate, earthquake hazard; earthquake loss assessment; HAZUS.

1. Introduction

While high seismic-active regions have been widely investigated, areas with moderate seismic
hazard has not been fully studied as being exposed to high risk of significant losses due to their vulnerable
built environment and high exposure of population. Therefore, comparing with those high seismic-active
regions with well-prepared risk management plans, a potential major earthquake could cause much more
destructive consequences to those seismic-quiescent regions due to their relative lack of awareness and
preparation for seismic hazards. For instance, public policies for earthquake risk mitigation commonly
fail in those areas with moderate seismic hazard due to the unclear economic drivers for seismic risk
management plans, and also the lack of awareness in general public, Prater and Lindell (2000), Smyth et
al. (2004) and Bostrom et al. (2008). Therefore, a standardized and straightforward risk assessment
methodology is needed for public authorities in seismic-quiescent areas to assess the potential seismic
risks and to make corresponding risk mitigation plans for protecting people’s lives and properties

A substantial amount of researches have focused on loss assessment for high seismic regions. For
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instance, Kircher et al. (2006) estimates building damage and human loss due to a repeat of the 1906 San
Francisco earthquake using HAZUS software package. Also by operating HAZUS, Schmidtlein et al.
(2011) examines the spatial correlation between social vulnerability and potential earthquake losses
under differing earthquake scenarios in South Carolina. These studies address on the seismic loss
assessment for those areas which are identified as highly seismic-active, or have historical occurrences
of major earthquakes. On the other hand, although loss assessment in the areas with infrequent damaging
earthquakes starts to grab attention, there are comparatively few studies addressing this significant issue.
Tantala et al. (2008) investigates the potential high seismic risk of New York City due to its tremendous
assets and vulnerability of its structures, which were not seismically designed as strong as most in the
West Coast. Remo and Pinter (2012) compares the result of loss estimation from HAZUS to the damage
surveys for the 2008 Mt. Carmel, Illinois earthquake and finds that the HAZUS overestimated the losses
from the surveys. Rein and Corotis (2013) assesses potential consequences of major earthquakes for the
Denver Region in the U.S., which is presented as a case of the seismic vulnerability of an area that is not
generally considered seismically active and finds out that potential losses due to earthquakes would be
amplified as a result of the low preparation of public and perception of people. In sum, aforementioned
researches all show the potential high risk in a low seismicity region due to its vulnerability on built
environment and social-economic.

Most of the noted studies conduct loss estimate using the HAZUS program software, a public
standardized Geographic Information Systems (GI1S)-based loss modelling program for natural hazards.
However, although HAZUS has the merit of having a straightforward and standard methodology, the
built-in database and model parameters of this U.S.-based program are not be applicable in non-U.S.
countries. Therefore, Modifications of the local parameters and new steps, which can fully represent the
attributes of the designated built environment, are in need to perform accurate loss estimation for a non-
U.S. adoption of HAZUS. Adopting the GIS-based standardized HAZUS software tool, this study aims
to develop a methodology of earthquake loss estimations for a seismic-quiescent area. Therefore, the
specific objectives of this study are to: (1) to assess the seismic risks with building and demography
parameters which can fully represent the characteristic of local built environment, (2) to conduct benefit-
cost analysis of the seismic mitigation activities, and (3) to verify the applicability of the present
methodology by a case study. To assess risk from earthquake hazards, both deterministic and
probabilistic earthquake scenarios were simulated, combined with micro-zoning studies, geological
characteristics, building inventories, population distribution, and adaptation of the building fragility
curves and casualty matrix to the local conditions. This study intends to provide public decision makers
a standardized methodology for justifying the economic feasibility of pre-earthquake mitigation action
so that a cost-efficient mitigation strategy can be achieved.

2. Background
2.1. HAZUS methodology and application

Hazard United States (HAZUS), developed by the US Federal Emergency Management Agency, is
a free standardized GI1S-based risk assessment tool for hazard analysis and it have been widely validated
for its applicability in the US, Kircher et al. (2006), Tantala et al. (2008), Schmidtlein et al. (2011), Remo
and Pinter (2012) and Rein and Corotis (2013). Despite the fact that HAZUS was originally designed for
the use in the United States, this standardized seismic risk estimation software has been adopted and
validated worldwide because of its merit of being allowed for modification for international setting,
Peterson and Small (2012) and Ploeger et al. (2010). The possibility to supplant the databases and to
modify the default functions with local parameters places the basis for the application of HAZUS to an
international setting. Therefore, adopting HAZUS for an international local scale setting requires to
carefully performing a series of operations of each module. HAZUS has four major modules: the hazard
identification, built environment inventory, physical and social-economic vulnerability, and the loss
module. The estimated loss is calculated by linking the hazard scenario to the inventory collection with
considering its vulnerability. The outputs of loss estimation include social loss including the number of
casualties, injuries, displaced household and shelters, and both direct and indirect economic losses.
Despite the length procedure of modification, the international users can fairly benefits from the final
outcome as useful as US ones by this proven hazard loss assessment tool. In this paper, adopting HAZUS
software package to estimate earthquake losses in a seismic-quiescent area, we firstly evaluate the
seismicity of the study area in careful consideration of soil conditional and attenuation function. Twelve
earthquake scenarios following four active faults are generated and selected for assessing the loss
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estimate. Next, the data of building inventory and demographics data are collected from street survey
and various sources. Finally, using the Modified Delphi technique, local casualty matrix can be
established.

2.2. Casualty Loss Matrix

The HAZUS-MH social loss estimation module is based on the assumption that there is a strong
correlation between building damage and the number and severity of casualties, Noji et al. (1990). The
methodology provides estimations regarding the number of human casualties caused only by building
and bridge damage. The casualties are classified according to a four-level injury severity scale. Three
time-scenarios are taken into consideration in order to reflect the highest casualties for the population
present at work/school, home and rush hour time. The module uses a casualty matrix based on the ATC-
13 multidisciplinary experts opinion, and was calibrated in the early 2000s to reflect different trends and
casualty information derived from several earthquake events in California. The current study aims to
evaluate the assumptions underlining the methodology regarding earthquake-induced death and injury.

The figures presented indicate that the casualty rates in the HAZUS-MH are relatively low and raise
the concern that when applied outside the U.S., it may underestimate the casualty numbers. Since
historical data is not available for the Israeli region and in order to determine this issue; a survey was
developed and conducted among twenty Israeli experts from different disciplines. The method used was
similar to the original matrix development by HAZUS-MH. The survey was conducted in a modified
Delphi technique in order to reach a consensus higher than 75%. The modified Delphi technique is a
method designed to collect various views and perspectives and enables reaching consensus by using an
iterative process of discussion, feedback and revision, Thangaratinam and Redman (2005). The survey
used in the present study was an online survey, in the first round the experts were asked to assess and
evaluate the current casualty rates and their applicability in Israel. In order to enable the experts that were
not engineers to comprehend the extent of structural damage as a result of an earthquake, the survey
included an appendix that contained detailed descriptions and visual examples of the expected damage
as depicted in Fig. 1. In addition, the experts were asked to indicate causes or phenomena, which may
alter the casualty rates expected in Israel in their opinion. The preliminary results revealed that factors
such as the standard of finishing materials which is considered lower compare to those in California, and
the fact that the local population lacks the experience and perhaps the knowledge regarding earthquake
protective behaviour and their level of preparedness is relatively low, Sofer (2008), may alter casualty
rates in a future earthquake event in Israel. Further rounds of the survey after compiling more data will
be conducted in order to fully understand and assess the factors influencing the process of casualty
estimation in a future earthquake scenario in Israel. The experts evaluated that the casualty rates due to
extensive and complete damage to structures will be higher, compared to those offered in the current
matrix, regarding indoor casualties. The reason for this is, as previously mentioned, the lower standard
of finishing materials in the structures, that may disconnect from their position and fall, possibly hitting
occupants present in the structure and causing injuries.

The table presents the descriptions and visual examples of structural damage states (according to C3 buildin: e - concrete frame with unreinforced masonry infill walls)

Most infill walls exhibit
large cracks; some

Diagonal (sometimes horizontal) bricks may dislodge

Slight hairline cracks on most infill walls;
no need to reinforce structure

and fall; few walls may
fall partially or fully.
The structure will need
to be demolished and
rebuild.

Extensive

Most infill wall surfaces exhibit
larger diagonal or horizontal
cracks; parts of the plaster may
fall. Some walls exhibit crushing
Moderate |of brick around beam-column
connections. Diagonal shear
cracks may be observed in
concrete beams or columns.
Structure can be restored.

Complete of full
Complete |collapse of structure.
Total damage.

Fig. 1. Sample webpage of the experts’ survey assessing HAZUS-MH casualty matrix
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3. Methodology
3.1. Benefit-Cost Analysis

In the case of seismic mitigation analysis for a public sector, the costs include the expenditure for
retrofit or replacement of buildings and the benefits come from the reduction on the risks of casualties
and damage of those buildings which are structurally improved by retrofit or reconstruction. Considering
that the benefits of mitigation actions would be realized at some points in the future with an average
annual probabilities of occurrence, FEMA (1992), the expected annual benefits are constant in each year
over the lifetime of buildings. In this regard, the future benefits are discounted to present values for
comparison with the up-front costs of mitigation alternatives. The expected annual benefits of a
mitigation action EAB. , using Eq. (1), are the summation of the expected annual benefits due to the
reduction on direct economic loss EAB_ and the benefits due to reduced fatalities EAB, . The benefits in
behalf of reduced direct economic loss EAB, are calculated using Eq. (2) from the difference in expected
annual economic losses for mitigated buildings EALE, and the original buildings EALE, . Similarly, the
benefits associated with reduced fatality loss EAB_ are calculated using Eq. (3) from the difference in
expected annual fatality losses for mitigated buildings EALF, and the original buildings EALF, .

EAB, = EAB, + EAB,

1)

EAB, = EALE, +EALE,
)

EAB, = EALF, +EALF,
@)

The benefits in present monetary value E[B, ] over a time horizon T are calculated using Eq. (4)
with discount rate r, . The benefit-cost ratios BCR are obtained using Eq. (5) by dividing the expected
benefits E[B, ] by the reduced cost of mitigation, which is the up-front cost of mitigation C, minus
present salvaged value of the retrofitted or rebuilt buildings v, , which considers the increase in the value
of the retrofitted or rebuilt buildings. When the BCR is greater than one, it is economically justified of
the investment in the designed pre-earthquake structural intervention to a building stock.

T EA
E[BT]=21-1(1+?)1
4
Bcr - ELBr]
Co _Vs
®)

The logic tree model for the Benefit-Cost analysis is illustrated as in Fig. 2, which can be used to
determine the most cost efficient retrofit alternative among all investigated mitigation options. The
information needed in the model includes (1) the data of occupancy class and building inventory in the
studied area, (2) available retrofit options and the associated cost for each option, (3) probabilistic
seismic hazards with their return periods (or, frequency of occurrence) and corresponding intensities,
(4) building vulnerability represented by the probability for each of the possible damage states from
slight to complete structural damage defined by FEMA (2003), and (5) consequence including
economic and casualty losses with regard to each damage state. The casualty loss are represented by
the probability for each of the severity from level one to four defined by FEMA (2003). The
consequences are expressed as monetary unit in the end as the combination of occupancy class and
building inventory data, seismic intensity, and the vulnerability of the structure, so that the a Benefit-
Cost analysis can be conducted and the NPV and BCR are then obtained for each mitigation
alternative. Consequently, the most economically feasible rehabilitation option, which has the largest
BCR, can be defined.
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50 yr- Damage State (4)

Intensity (n)

Level (4)

Residential
Bldg.

Status Quo

|
|
|
|
Fig. 2. Logic tree model for the Benefit-Cost analysis

3.2. Economic data

Economic data is one of the major sources of uncertainties in benefit-cost analysis as the result
that they are usually hard to acquire and non-frequent updated. In this study, the economic data is
collected from a various sources, ranging from Israeli mass media to local government authorities. It is
worth noting that the economic parameters need to be fully representative of the study areas. Therefore,
the default parameters of HAZUS used in the study are adjusted to the local conditions.

Cost of replacement, repair and retrofit

The estimated average replacement cost of $1,280 for pre-1980 concrete buildings with modern
building complying with the latest seismic code is obtained from the Ministry of Construction and
Housing of Israel. The estimates include demolition and replacement cost for both structural and non-
structural components including HVAC systems, interior and exterior finishes. The repair costs are
represented by the replacement costs with associated damage ratio, which is obtained by dividing the
cost of replacement by the repair cost. The cost of retrofit is classified into direct and indirect costs and
they are varies considerably. For instance, direct cost mainly depends on the conditions of the existing
structure and the type of the strengthening method. Meanwhile, several factors affect indirect cost
including engineering and administration fee. For indirect cost, the suggestion of 20% of the direct cost
from FEMA (1992) is adopted in this study. According to the Ministry of Construction and Housing of
Israel, the average direct cost of typical pre-1980 concrete building for retrofitting to meet the latest
seismic code is around $200/m2.

Discount rate, salvaged value, time horizon

Since the benefits are assumed to be constant over the planning horizon, a discount rate needs to
be used for converting the benefits into present monetary. Different discount rates are chosen by
different stakeholders to represent their own economic consideration. For public stakeholders, the
social discount rate is widely utilized for evaluating economic feasibility of public projects, Moore et
al. (2004). In this study, a constant discount rate of 4% for public sector is utilized as an average value
from the suggestion of FEMA (1992) that reasonable discount rate ranging from 3% to 4% for public
sector. Salvaged value considers the increase value of the retrofitted buildings and it is represented as a
future benefit at the end of the planning horizon. The salvaged value, estimated by the decrease of the
cost of retrofit by 10%, suggested by FEMA (1992) is adopted in this study.

The time horizon is the assumed lifetime of a retrofitted building, which represents the time
duration for which economic benefits of the retrofit ate considered. A typical retrofitted building is
reasonably expected to withstand 50 years without being damaged by any extreme events. However, in
this study a shorter time horizons of 20 years is considered for following reasons. Firstly, old structures
have chance to be demolished or rebuild in a few years from now by public policy like urban renewal.
Another important consideration from a political perception is that relatively short time horizon is
favourable for public to receive the best return for mitigations. In other words, it makes the decision
more convincing to different interested stakeholders if one can show that the investment on mitigation
can be compensated in a short period of time, Smyth et al. (2004).
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Monetary value of human life

Estimating the monetary value of human life is rather controversial due to its complex ethical,
legal and economic aspects. In general, efforts to estimate the value of human life can be based on
statistical value of life (SVOL) or value of life (VOL). SVOL approach, such as human capital method,
uses humans as economic capital taking into account factors such as ages and earnings of people to
assess the value of human life. On the other hand, VOL approach considers the implicit values in
currently social accepted and used regulations. For instance, courts awards approach, FEMA (1992) is
based on the compensation paid from the government or private insurance companies to cases of death.
The VOL approach is generally favourable to researchers because it, theoretically, reflects a person’s
real value of safety, Ayyub (2003). In this study, using the courts awards approach, an average value of
human life of 3 million dollars is investigated through a limited-scale of interviews with experts in
Israeli insurance and law firms, although the compensation paid to victims vary greatly from case to
case.

4. Discussion
4.1. Casualty loss

The HAZUS program breakdowns casualty into four injury severity levels from the severity
requiring basic medical aid to the most severe injury causing instantaneously death. In this study, the
casualty is estimated at night time of the day, namely 2 a.m., as the worst case because it is assumed
that all people are at home at night. At 2 a.m., as depicted in Fig. 3, 75 and 47 severity 4 are caused by
the building type of concrete frame and URM in the earthquake of Mw 6.0, respectively, combined to
the total fatalities of 122 for the given scenario. For the earthquake of Mw 7.0, 135 and 128 severity 4
are caused by the building type of concrete frame and URM in the earthquake of Mw 6.0, respectively,
combined to the total fatalities of 263. Analysing the number of casualty caused by URM for scenarios
of 6.0 Mw and 7.0 Mw, as depicted in Fig. 4, 7.7% and 15.6% of people living in URM buildings are
injured or death, respectively. This result shows that URM is recognized as one of most risky building
types in terms of casualty in the study area. Comparing to the URM, concrete frame has lower casualty
rates of 1.5% and 2.1% for given scenarios of 6.0 Mw and 7.0 Mw, respectively.

4.2. Benefit-Cost analysis of building retrofit

We examine the benefit-cost ratio of retrofitting all concrete frames (CF) and unreinforced masonry
wall (URM) buildings which were built before 1990 to the level of seismic performance of modern
buildings designed based on the Israel Standard 413. Table 1 summarizes the result of benefit-cost
analysis under the Jordan 6.0 scenario. As shown in Table 1, casualty losses are reduced by structural
retrofit. Since the buildings built before 1980 are most venerable to earthquake, the casualty losses of
these buildings are significant reduced by upgrading seismic performance. The benefit-cost ratios for
both CF and URM built before 1980 are 1.1 and 1.3, respectively; in other words, retrofit mitigation
strategies are economically feasible. On the other hand, the benefit-cost ratios of CF and URM built
between 1971 and 1990 are 0.9 and 0.8, respectively. The reason for the relatively smaller BCR is that
the benefits of human live avoided are not significant since these buildings are considered partially
resistant to the earthquakes. It is therefore conclude that the investment in retrofitting the buildings built
between 1981 and 1990 is not economically justified.
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Table 1. Benefit- Cost analysis in Jordan 6.0 scenario
Building type Benefit from economic losses . Total benefit Cost of retrofit
) _ - Live saved . - BCR
(built year) avoided ($, million) ($, million) ($, million)
CF (< 1980) $2.1 59 $3.6 $3.3 11
CF (1981-1990) $1.8 14 $2.7 $3.0 0.9
URM (< 1980) $0.4 35 $0.8 $0.6 13
URM (1981-1990)  $0.2 12 $0.5 $0.6 0.8
5. Conclusion

This study first investigates the attributes of local built environment for seismic risk assessment,
including building stock, demographic data and casualty rates of concrete frame and unreinforced
masonry wall buildings. Adopting HAZUS software, we examines the economic feasibility of seismic
retrofitting for both buildings built before 1980, and between 1981 and 1990, which do not comply with
modern Israel seismic design code launched in 1991. The benefits of retrofitting those seismic-valuable
buildings are measured in terms of reductions in economic and casualty losses in future earthquakes. The
result shows that retrofitting the buildings built before 1980 is economically justified as a result of
significant number of saved human live. On the other hand, since the buildings built between 1981 and
1990 hold stringer seismic-resistance and thus account for fewer casualty loss, structural mitigation
activities are not economically feasible for these buildings. This study provides public decision makers
a standardized methodology for justifying the economic feasibility of seismic risk mitigation alternatives
so that a cost-efficient public earthquake mitigation strategy can be achieved.
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Abstract

While high seismic-active regions have been widely investigated and understood, areas with moderate
seismic hazard has not been fully recognized as being exposed to high risk of significant losses due to
their vulnerable built environment. A standardized and straightforward risk assessment methodology is
needed for public authorities in seismic-quiescent areas to assess the potential seismic risks and to make
corresponding risk control plans for protecting people’s lives and properties. For instance, certain Israeli
cities are at significant seismic risk as a result of their old building stock, more than 40% of which were
built before 1980, when a national seismic-proof building code was enacted. Adopting the GIS-based
standardized HAZUS software tool, this study aims to present the methodology of earthquake loss
estimations for a seismic-quiescent area. Therefore, the specific objectives of this study are to: (1)
identify special issues earthquake loss assessment faced to a seismic-quiescent area, (2) investigate
regional parameters and models which can fully represent the characteristic of local built environment,
and (3) verify the applicability of the present methodology by a case study in the city of Tiberias, Israel.
To estimate potential risk from earthquake hazards, both deterministic and probabilistic earthquake
scenarios were simulated, combined with micro-zoning studies, geological characteristics, building
inventories, population distribution, and adaptation of the building fragility curves and casualty matrix
to the local conditions. This study intends to provide public decision makers and stakeholders a
standardized methodology for assessing potential seismic loss in a seismic-quiescent area with a high
seismic risk so that a corresponding risk control strategy can be developed.

Keywords: catastrophe risk modeling; earthquake hazard; earthquake loss assessment; HAZUS;
seismic risk assessment.

1. Introduction

While high seismic-active regions have been widely investigated and understood, areas with low
seismic hazard has not been fully recognized as being exposed to high risk of significant losses due to
their vulnerable built environment and high exposure of population. As a result, comparing with those
high seismic-active regions with well-prepared risk management plans, a potential major earthquake
could cause much more significant consequences to those seismic-quiescent regions due to their relative
lack of awareness and preparation for seismic hazards. For instance, public policies for earthquake risk
mitigation commonly fail in those areas with moderate seismic hazard due to the unclear economic
drivers for seismic risk management plans, and also the lack of awareness in general public (Prater &
Lindell, 2000) (Smyth et al., 2004) (Bostrom et al., 2008). Therefore, a standardized and straightforward
risk assessment methodology is needed for public authorities in seismic-quiescent areas to assess the
potential seismic risks and to make corresponding risk control plans for protecting people’s lives and
properties

For instance, certain cities in Israel, a country with moderate occurrence rate of earthquakes in
history, are exposed to high risk of significant consequences due to their old building stock,, more than
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40% of which were built before 1980, when a national seismic-proof building code was enacted. To save
potential losses of properties and lives, National Master Plan 38, an earthquake risk reduction plan to
strengthen the vulnerable buildings built before 1980, which do not comply with up-to-date seismic
design code, was launched in 2005 by the Israeli government. However, while the plan gradually grabbed
attention in some particular cities with high land value such as Tel Aviv, outlying cities such as Tiberias
have been shunned due to their low real estate value and lack of a comprehensive loss assessment, which
make the investment in mitigation actions seem not be economically feasible. Consequently, the current
seismic social and economic loss figures in these seismic-quiescent areas result in a low level of concern
in preparing for a potential major earthquake hazard.

A substantial amount of researches have focused on loss assessment for high seismic regions. For
instance, (Kircher et al., 2006) estimates building damage and human loss due to a repeat of the 1906
San Francisco earthquake using HAZUS software package. Also by operating HAZUS, (Schmidtlein et
al., 2011) examines the spatial correlation between social vulnerability and potential earthquake losses
under differing earthquake scenarios in Charleston, South Carolina. These studies address on the seismic
loss assessment for those areas which are identified as highly seismic-active, or have historical
occurrences of major earthquakes. On the other hand, although loss assessment in the areas with
infrequent damaging earthquakes starts to grab attention, there are comparatively few studies addressing
this significant issue. (Tantala et al., 2008) investigates the potential high seismic risk of New York City
due to its tremendous assets and vulnerability of its structures, which were not seismically designed as
strong as most in the West Coast. (Remo & Pinter, 2012) compares the result of loss estimation from
HAZUS to the damage surveys for the 2008 Mt. Carmel, Illinois earthquake and finds that the HAZUS
overestimated the losses from the surveys.. (Rein & Corotis, 2013) assesses potential consequences of
major earthquakes for the Denver Region in the U.S., which is presented as a case of the seismic
vulnerability of an area that is not generally considered seismically active and finds out that potential
losses due to earthquakes would be amplified as a result of the low preparation of public and perception
of people for earthquake risk. In sum, aforementioned researches all show the potential high risk in a low
seismicity region due to its vulnerability on built environment and social-economic. Most of the noted
studies conduct loss estimate using the HAZUS program software, a public standardized Geographic
Information Systems (GIS)-based loss modeling program for natural hazards. However, although
HAZUS has the merit of having a straightforward and standard methodology, the built-in database and
model parameters of this U.S.-based program are not be applicable in non-U.S. countries. Therefore,
Modifications of the local parameters and new steps, which can fully represent the attributes of the
designated built environment, are in need to perform accurate loss estimation for a non-U.S. adoption of
HAZUS.Adopting the GIS-based standardized HAZUS software tool, this study aims to develop a
methodology of earthquake loss estimations for a seismic-quiescent area. Therefore, the particular
objectives of this study are to: (1) identify special issues of earthquake loss assessment faced to a
seismic-quiescent area, (2) investigate regional parameters and models which can fully represent the
characteristic of local built environment, and (3) verify the applicability of the present methodology by
a case study in the city of Tiberias, Israel. This study intends to provide public decision makers and
stakeholders with a standardized methodology for assessing the potential seismic loss in a seismic-
quiescent area with a high seismic risk so that an effective corresponding mitigation strategy can be
achieved.

This paper includes five sections. Following this introduction, the seismic risk assessment model
and its application on seismic loss assessment are introduced in section two. This is followed by the
description and methodology of the required data for the risk assessment model, including building
inventory, demographic data and seismicity of the case study region. Next, casualty loss estimation
model is modified to reflect the attributes of a low risk perception area. Then, expected loss estimates by
using probabilistic earthquake hazard analysis are provided. Finally, result and suggestion are presented
and discussed.

2. Catastrophe Theory and Risk Assessment Tools

Seismic Risk Assessment Model
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Applying the framework of the catastrophe risk model, a basic seismic risk assessment model can
be comprised by four modules, as depicted in Fig.1: 1) hazard module, characterizing hazards in a system
at risk to be investigated. In this study, a ground motion hazard is defined by its location, magnitude and
frequency of occurrence; 2) inventory module, collecting data of geological characteristics such as site
effects and soil attenuation for calculating local seismic intensity, and data of built environment such as
occupancy types and building structural types; 3) vulnerability module, calculating social and physical
vulnerability of built environment exposed to hazard. The social vulnerability generally includes social -
economic information like income, ethnicity, age or ownership of property. The information of social
vulnerability is the main factor in estimating the number of displaced household and temporary shelters
after earthquakes. Physical vulnerability is usually defined by the fragility curve of a structure, which
determines the expected building damage in a particular level of seismic intensity; and 4) loss module,
evaluating the loss to the inventory by interpreting its corresponding vulnerability to the hazard. Losses,
characterized as direct or indirect, can then be assessed in terms of social, economic and environmental
losses.

Seismic Risk Assessment Tool

Several risk assessment methodologies have been developed based on the typical seismic risk
assessment model. (Erdik et al., 2005) (Korkmaz, 2009) provided losses assessment models for long-
term disaster management considering probabilistic seismic hazards. Also, different methodologies and
frameworks for seismic loss estimation have been developed and used to conduct a benefit-cost analysis
for different seismic retrofit alternatives. (Smyth et al., 2004) (Boylu, 2005) (Kappos & Dimitrakopoulos,
2008) (Valcarcel et al., 2013). In addition, various seismic loss assessment models have been widely
adopted in estimating the probable maximum loss by exceedance probability curves for assisting insurers
or reinsurers in pricing the insurance policies. Examples of such studies include (Hsu et al., 2006) (Tseng
& Chen, 2012) (Hsu et al., 2013). However, the complicated mathematical formulas and large number
of variables make these loss assessment models difficult to be understood and operated by a wide range
of stakeholders. Moreover, the nature of their non-standardized and proprietary code source prevents
other users from modifying the models accordingly for their specific needs.

Correspondingly, a number of standardized software packages have been developed with friendly
user-interface and open-source database. Most of them also utilize Geographic Information System in
presenting the geographic distribution of losses for analyzing particular issues like emergency facilities
layout. Examples include: Taiwan Earthquake Loss Estimation System developed by (Yeh et al., 2006)
is designed to to estimate the losses under different earthquake scenarios; moreover, the module of Early
Seismic Loss Estimation of this program can obtain real-time estimates of seismic hazards and losses
soon after the occurrence of earthquakes. KOERILoss, a Turkish-based seismic loss assessment program
developed by Department of Earthquake Engineering of Bogazici University, can also estimate the losses
by by earthquake hazards (Erdik et al., 2003). Earthquake Loss Estimation Routine is a European-based
software package for rapid estimation of earthquake shaking and losses throughout the Euro-
Mediterranean region, developed under the Joint Research Project entitled Network of Research
Infrastructures for European Seismology. (Hancilar et al., 2010). Although having the merit of being
standardized and straightforward, these regional-based software packages have not been widely validated
for their applicability to international setting and thus the international adaption of these local-based tools
is still under a question mark.

HAZUS Methodology and Application

Hazard United States (HAZUS), developed by the US Federal Emergency Management Agency,
is a free standardized GIS-based risk assessment tool for hazard analysis and it have been widely
validated for its applicability in the US (Kircher et al., 2006) (Tantala et al., 2008) (Schmidtlein et al.,
2011) (Remo & Pinter, 2012) (Rein & Corotis, 2013). Despite the fact that HAZUS was originally
designed for the use in the United States, this standardized seismic risk estimation software has been
adopted and validated worldwide because of its merit of being allowed for modification for international
setting (Gulati, 2006) (Peterson & Small, 2012) (Ploeger et al., 2010). The possibility to supplant the
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databases and to modify the default functions with local parameters places the basis for the application
of HAZUS to an international setting. Therefore, adopting HAZUS for an international local scale setting
requires to carefully performing a series of operations of each module. HAZUS has four major modules:
the hazard identification, built environment inventory, physical and social-economic vulnerability, and
the loss module. The estimated loss is calculated by linking the hazard scenario to the inventory collection
with considering its vulnerability. The outputs of loss estimation include social loss including the number
of casualties, injuries, displaced household and shelters, and both direct and indirect economic losses.
Despite the length procedure of modification, the international users can fairly benefits from the final
outcome as useful as US ones by this proven hazard loss assessment tool.

In this paper, adopting HAZUS software package to estimate earthquake losses in a seismic-
quiescent area, we firstly evaluate the seismicity of the study area in careful consideration of soil
conditional and attenuation function. Twelve earthquake scenarios following four active faults are
generated and selected for assessing the loss estimate. Next, the data of building inventory and
demographics data are collected from street survey and various sources. Finally, using the Modified
Delphi technique, local casualty matrix are established.

3. Overview of the seismic hazard

Twelve synthetic earthquake scenarios in Tiberias were designed following four active faultsbased
on the seismogenic zones used for the IBC 413 (Shamir et al., 2001, IBC 413) and the map of Potentially
Active faults in Israel (Sagy et al., 2013). The return periods of the scenario events are calibrated
according to the estimated rate of historical destructive events in the interval of 200 years), and b-value
ofone (Gutenberg-Richter frequency-magnitude relationship).As a result, four earthquake scenarios were
set along the Jordan fault, representing the main part of the Dead Sea Transform north of Tiberias,
following the Mw=6.0, Mw=6.5, Mw=7 and Mw=7.5 with estimated return period of ~400 years, ~1,500,
~4,000 and ~15,000 years, respectively Two earthquake scenarios were set along the HaOn fault
following the Mw=6.0 and Mw=6.5, with an estimated return periods of ~800 and ~3,000 years,
respectively, which represents the main part of the Dead Sea Transform south of Tiberias estimated
according to Hamiel et al, 2009. Two scenarios were set along the Poria fault following the Mw=6.0 and
Mw=6.5 with an estimated return periods of ~4,000, ~10,000, respectively, estimated as a fourth as active
as the HaOn fault. Three earthquake scenarios were set along the Almagor fault following the Mw=5.0,
Mw=6 and Mw=6.5 magnitudes with estimated return periods of ~200 years, ~2,000 and ~6,000 years,
respectively, estimated as a fourth as active as the HaOn fault. Finally, a single Mw=6 event was set
along the Beit HaKerem fault, an estimated return period of ~10,000 years, following paleoseismic
evidence from the Bet Keshet fault, another of the Galilee capable faults; by Zilberman et al., 2009).

4. EXxposure

The local demographic data was collected in order to assemble a detailed distribution map of the
population to different occupancy types in various time-frames. The data was derived from the latest
Israel national census survey, conducted in 2008 by the National Bureau of Statistics, and data from
National Insurance Institute. The city of Tiberias is comprised of 16 statistical areas, out of which
fourteen are residential areas, one is a commercial area, and one is defined as open area with 41,600
people and 12,800 households residing within the city limits. The average number of members per
household is 3.2. Twenty thousand residents are female (48%) and the rest are male (52%). Forty four
percent of households have children under the age of 17 and 24% have elderly household members, who
are at the age of 65 and above. The population distributions of daytime and nighttime of all occupancy
types are established respectively to consider the effect of different time frame to the loss estimation in
earthquakes. For residential occupancy, the daytime population was defined as the residents who reported
working from home; the unemployed and those who were above retirement age (>67 of men and >64of
women). The nighttime population was defined as the population whose registered residence address was
in Tiberias, assuming that all residents are present in their homes at nighttime.
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The employment rate from the national census 2008 is used to estimate the daytime population
distribution of other occupancies. The population of educational occupancy is comprised of 1) children
between the age of 6 to 17, which accounts for a quarter of Tiberias residents and 2) 10% of Tiberias
civilian labor force. The daytime population of industrial occupancy is composed of 22% of employment,
including industrial, agriculture and construction workers. Commercial related occupations such as
banking, accommodation serveries and restaurant take 36% of civilian labor force and constitute the
daytime population of commercial occupancy. The rest of employment belongs to the health services
(12%) and community and public sector (20%).

Another distinctive local demographics characteristic of Tiberias is its active tourist industry, which
reflects on the significant change in number of people presenting in the city during peak season.. The
touristic index is defined as the ratio of the number of tourist arrival divided by residential population
and it can be used to assess the number of visitors in hotels during different periods of the year (Zuccaro
& Cacace, 2011). As shown in Fig. 2 the tourist index in the City of Tiberias, comparing to the average
tourist index of 3.8, the month of August is the peak tourism month with the highest tourist index of five.

5. Casualty Loss Matrix

The HAZUS-MH social loss estimation module is based on the assumption that there is a strong
correlation between building damage and the number and severity of casualties (Noji 1990. The
methodology provides estimations regarding the number of human casualties (indoor and outdoor)
caused only by building and bridge damage. The casualties are classified according to a four-level injury
severity scale. Three time-scenarios are taken into consideration (day, night and commuting) in order to
reflect the highest casualties for the population present at work/school, home and rush hour time. The
module uses a casualty matrix based on the ATC-13 multidisciplinary experts opinion, and was calibrated
in the early 2000s to reflect different trends and casualty information derived from several earthquake
events in California. The current study aims to evaluate the assumptions underlining the methodology
regarding earthquake-induced death and injury.

First, a literature review was conducted in order to identify other loss estimation models and
methodologies around the world, and examine the casualty rates they include. The first model surveyed
was KOERILoss, an earthquake risk assessment tool for the metropolitan area of Istanbul, Turkey (Erdik
2002). The KOERILoss casualty rates are based on empirical data from Turkish earthquakes and are
higher compared to those offered by HAZUS-MH particularly when it comes to extensive and complete
damage states. However, the casualty rates provided by KOERILoss are appropriate for four types of
structures (typical in Istanbul): 1) Reinforced concrete (RC) frame structures (resemble to C3 model
building type in HAZUS-MH), 2) Masonry structures (resemble to URM model building type in
HAZUS-MH), 3) RC shear wall structures and 4) Precast structures. In addition, the model does not
provide outdoor casualty rates or collapsed bridges casualty rates. Other European loss estimation tools
surveyed, like ELER and SELENA, used the same model and casualty rates offered by HAZUS-MH
.Coburn & Spence also provided casualty rates distribution, which are different and mostly higher from
those offered by HAZUS-MH. Their casualty rates are based on historical data; however, casualties are
estimated only as a result of collapsed structures. The building inventory data includes five types of
structures: 1) RC frame, 2) RC shear wall 3) Masonry 4) steal and 5) Timber; similar to the HAZUS-MH
building categories. These structures are typical of Wellington, New Zealand where the methodology
was developed Unfortunately, no published casualty matrix was found regarding Asian countries, which
are earthquake-prone regions. A few Taiwanese publications stated that a loss estimation tool based on
HAZUS-MH methodology was developed (HAZ-Taiwan) in which casualties are estimated solely from
severe damage or collapsed buildings, and that casualty rates were calibrated — but they are not provided
(Yeh 2006).

The figures presented indicate that the casualty rates in the HAZUS-MH are relatively low and
raise the concern that when applied outside the U.S., it may underestimate the casualty numbers. Since
historical data is not available for the Israeli region (last lethal earthquake occurred in 1927 and casualty
field data was poor) and in order to determine this issue; a survey was developed and conducted among
twenty Israeli experts from different disciplines (e.g. engineers, physicians, risk management
professionals and search and rescue members — all experienced in the earthquake field). The method used
was similar to the original matrix development by HAZUS-MH. The survey was conducted in a modified
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Delphi technique in order to reach a consensus higher than 75%. The modified Delphi technique is a
method designed to collect various views and perspectives and enables reaching consensus by using an
iterative process of discussion, feedback and revision (Thangaratinam, 2005). The survey used in the
present study was an online survey, in the first round the experts were asked to assess and evaluate the
current casualty rates and their applicability in Israel. In order to enable the experts that were not
engineers to comprehend the extent of structural damage as a result of an earthquake (and its possible
influence on the occupants), the survey included an appendix that contained detailed descriptions and
visual examples of the expected damage as depicted in Fig.3. In addition, the experts were asked to
indicate causes or phenomena, which may alter the casualty rates expected in Israel in their opinion. The
preliminary results revealed that factors such as the standard of finishing materials which is considered
lower compare to those in California, and the fact that the local population lacks the experience and
perhaps the knowledge regarding earthquake protective behavior and their level of preparedness is
relatively low (Sofer 2008), may alter casualty rates in a future earthquake event in Israel. Further rounds
of the survey after compiling more data will be conducted in order to fully understand and assess the
factors influencing the process of casualty estimation in a future earthquake scenario in Israel.

The experts evaluated that the casualty rates due to extensive and complete damage to structures
(without collapse) will be higher, compared to those offered in the current matrix, regarding indoor
casualties. The reason for this is, as previously mentioned, the lower standard of finishing materials in
the structures, that may disconnect from their position and fall, possibly hitting occupants present in the
structure and causing injuries. Regarding severity of injuries (in all building types): the experts have
appraised the increase in severity 1 casualties (light injuries) as an addition of 50 % to the current rates.
Severity 2 casualties (hospitalized injuries) were also appraised as an addition of 50% to the current rates.
Severity 3 casualties (life threatening injuries) were appraised as an addition of 25% to the current rates,
and severity 4 casualties (fatalities) were appraised as an addition of 20% to the current rates. An
exception in the HAZUS-MH matrix are URM structures (unreinforced masonry bearing walls) that pose
higher threat to their occupants and are given systematically higher casualty rates compare to other
structures. In Israel, according to a field survey conducted in this current study, URM structures are
common in old cities (as in Tiberias or Jerusalem), and are thus considered to have very low resistance
to earthquakes. For these building types, the experts appraised the addition to current casualty rates by
60% in all injury severity levels (the calibrated casualty rates are presented in table 2). Regarding outdoor
casualty rates, the experts evaluated that in extensive damage state to structures the severity 1 casualties
(light injuries) will increase in 15%, again due to falling objects or debris from structures. The rest of the
casualty rates assumed by HAZUS-MH for different damage levels, were accepted by the local experts
as sufficiently representing the estimations regarding a strong earthquake that may occur in Israel.

6. Results

The Almagor fault scenarios show that the number of buildings expected to be 'extensively and
completely damaged ranges between 0 and 2,442, depending on the earthquake magnitude. In the
Almagor fault scenarios the weight of debris ranged between 40,000 and 144,000 tons. Accordingly, the
number of people who are expected to sustain severity 2 and 3 injuries ranges between 0 to 408 and the
maximum number of estimated fatalities range between less than 20 and up to 190. The number of
persons requiring shelter ranges between 124 and up to 7,834. The maximum total direct economic loss
ranges between 0.2 and 5.1 billion dollars.

The Jordan fault scenarios show that the number of buildings expected to be 'extensively and
completely damaged' ranges between 47 and 5,982, depending on the earthquake. In the Jordan fault
scenarios the weight of debris ranged between 0.3x106 and 2.9x10° tons. Accordingly, the number of
people who are expected to sustain severity 2 and 3 injuries, ranges between 4 to 610 and the maximum
number of estimated fatalities range between 20 up to 600. The number of persons requiring shelter
ranges between 1,700 and 15, 000. Jordan fault scenarios show that the maximum total direct economic
loss ranges between 1.3 and 10 billion dollars.

The Average Annual Loss (AAL) is the summation of the mean annual consequences of all events,
which is calculated by multiplying the loss by the frequency of earthquakes (one over a return period).
Table 1 depicts the AAL in terms of 1) the number of casualties, 2) the building damage, and 3) the direct
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economic loss. The potential losses in earthquakes will be analyzed later in details with respect to the
distribution of buildings' damage to derive effective risk mitigation plan.

Table 1. Average annual losses

Casualties Level 1 Level 2 Level 3 Level 4
(number of people) 1.9 0.5 0.1 0.1
Building damage Slight Moderate Extensive Complete
(number of buildings) 8.5 6.9 3.2 0.9
Direct economic loss $6.48x10°
(U.S. dollar)
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fall partially or fully.
The structure will need
to be demolished and
rebuild.

no need to reinforce structure

Most infill wall surfaces exhibit
larger diagonal or horizontal
cracks; parts of the plaster may
fall. Some walls exhibit crushing
Moderate |of brick around beam-column
connections. Diagonal shear
cracks may be observed in
concrete beams or columns.
Structure can be restored.

Complete of full
Complete [collapse of structure.
Total damage.

Fig. 2 Touristic index is defined as the ratio of the tourist arrivals divided by resident poplationin the
City of Tiberias, 2012 (Adopted Zuccaro & Cacace, 2011)

Figure 3 A sample webpage from the experts’ survey assessing HAZUS-MH casualty matrix
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