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P roblem Definition

With the increasing number of global earthquake loss assessment procedures and
software, it was decided to develop a decision process for users to undertake earthquake
loss estimation. Depending on the location of the earthquake to be modelled, the
available exposure, hazard and vulnerability information and the level of detail required,
different global earthquake loss estimation packages are needed. It is difficult for
interested earthquake modellers to know which software packages to use and when they
will be applicable.

What is the OPAL Project?

OPAL or Open source Procedure for Assessment of Loss using Global Earthquake
Modelling, is a framework developed to solve the problem above.

2. Preliminary Global
Software Analysis

1. Overview of current
ELE research

3. Assessment of global ELE software packages and
multicriteria software decision making process

4. Loss calculation with chosen existing and new software

It is a detailed 4 step framework including:

1) Overview of current and new components of earthquake loss estimation (ELE):
vulnerability, hazard, exposure, specific cost and technology;

2) Preliminary research, acquisition and familiarisation with all available ELE software
packages;

3) Assessment of these software packages in order to identify the advantages and
disadvantages of the ELE methods used; and

4) Loss analysis for any scenario using the most applicable packages from a ranking from
multicriteria analysis.

Use of lowly ranked software packages will require much more user experience and
possible modification, as well as leading to higher variability in results.

In this study it was decided that a Mw7.2 deterministic scenario for the Zeytinburnu
district in Istanbul, Turkey, be used. The highest ranked softwares were DBELA, HAZUS
and SELENA. Thus, software coding was needed to produce MDBELA (Matlab-based
DBELA) and MHAZUS (Matlab-based HAZUS). SELENA from NORSAR was also used.

How does OPAL help researchers?

Tk @b OPAL provides researchers with the opportunity to learn about
: '%“”” the current state-of-art in earthquake loss estimation software.
! It also allows them to systematically choose applicable
i % software packages for their analysis anywhere around the
world and to source those software packages. The OPAL MCA
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The current state of
earthquake loss estimation

Earthquakes interact with social,
economic, physical and environmental
systems in a complex way. There are
many uncertainties and variability within
the ELE process. ELE software packages
generally calculate seismic loss by
convolving the known exposure, hazard,
vulnerability and cost knowledge over
the required spatial scale. In OPAL, each

Lifeline and Infrastructure stock (material and
mechanical), population density, variability

Field Survey = : —
Remote Sensing posure / Inventories

Path and site effects, Tectonic Regimes,

GMPEs, uncertainty analysis Unc inties

Hazard / Modelling

Socio- economic
vulnerability / Modelling

ASSETS
AT RISK

Uncertainties

Uncertainties

component o ELE and associated global

methods is detailed to help users
understand key processes as well as
additional software.

Risk Profiles
Risk Comparison

Assessed parameters for each ELE software

Multicriteria analysis was undertaken using a comparison of key ELE parameters for each

Maps, Tables, reports,
KMLs, Internet use

Other Sources

Govemment data

Damage data
repository

Vulnerability / Fragility
Historical
database

Analytical Methods
Capacity Spectrum Method
Collapse Mechanism Based

Vulnerability Functions
Displacement-based Method

Empirical Methods
Screening Methods
Damage Probability Matrices
Vulnerability functions and
indices

Mod-modifiability: Ya-Yes, potentially if sourced, Unk-unknown.
Exp-exposure: D-district, Ci-city, R-regional, Co-country, Mult-all.
Haz-hazard: DP-deterministic
observed, P-probabilistic.
Vuln-vulnerability: Anl-analytical, Emp-empirical.
SE-socio-economic: E-economic, S-social, ccomplex, s-simple.
*HAZUS based, **DBELA based, A-America.

Assessment and decision process

DAMAGE-LOSS CONVERSION

SOCIAL

software. The methodology was derived from Stafford et al. (2007) with many additions.

TECHNICAL ASPECTS
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« TEST REGIONS USED {5ee map)
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APPLICABILITY

INVENTORY
ELEMENTS
CONSIDERED

TURE, 3. LIQUEFACHON 4. TSUNAMI
/SEICHE, 5. LANDSLIDE, 6. FIRE
1-2. USER SPECIFIED EQ/ EVENT (DP)
3-4. HISTORICAL GMs / AUTOMATED
REAL TIME GMs (DO)
5-6. POISSONIAN,/TIME DEPENDENT (P)

Refer in ELE table above for acronyms. BUILDING

CRITERIA
REVIEWED

+ 1 OBSERVED, 2. THEORETICAL, 3.

EMPIRICAL—DETAILS
+ ARE GMs UPDATED? MAPS? VULN.
METHOD AND

DAMAGE

is in the process of being automated for online use but is

currently available as a CEDIM research report.
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Methodology
used

Random generation of
3000 buildings using
Bal et al. (2008) data
and DBELA process

The impact of a Mw7.2
deterministic
earthquake in the
Marmara Sea on the
district of Zeytinburnu,
Istanbul, Turkey, has
been modelled using
the three chosen
software packages.
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e TRANSPORTATION

—3. BASIC, 4.
BEHAVIOUR, 5. COMPLEX
FAILURE FEATURES

o QUALITY-6 AGE, CLASSES,

7. VARIABILITY CONSIDERED

* VULN. METHOD USED
e NO. OF DAMAGE CLASSES
» TYPE AND BASIS

All methods show the destructive capability of such a scenario earthquake in a

* INJURED {(AND LEVELS)

* HOMELESS, AFFECTED
e OTHER ASPECTS (NIGHT/
“~.,| DAY,ROAD, DISRUPTION)
* SOCIAL VULNERABILITY

LOSSES |—

* DEATHS » DIRECT

= INDIRECT
*« COMPLEXITY RATING
« DISAGGREGATION?

ECONOMIC
LOSSES |-

RAPID RESPONSE AND
TECHNOLOGY USED

. Is rapid response capability present? And
complexity—are the results simplified?

. Onsite details—do the software provide up-

dating and management systems?

. Is a GIS output available?

. Is remote sensing integrated into the soft-
ware?

. Shake and loss map use?

. How useable are the results?

. Are they integrated into government or
policy solutions in respective countries?

Results for Zeytinburnu

Global ELE software packages

Beside are the global software packages
used in OPAL, which are accompanied by a
description of
including their

simplified
components
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EUCENTRE
JRA-3, NERIES
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Vulnerability axis
Hazard contained at each sphere.

Spatial concepts and complexity
increases with level ie. 1 is
simplest and largest spatial scale.

Socio-Economic

It depends on what data you
have. With more data you
can use higher level L1 -13.
Computation time increases
with level however.
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The surface of each sphere will give
a seismic risk result and output.

What scale is needed for your assessment?

vulnerable district like Zeytinburnu. It can be seen that the three software
packages gave reasonably similar results.

By running 100 ground motion scenarios (i.e. accounting for epistemic
uncertainty and aleatory variability) as well as spatial and temporal
correlation, MDBELA showed the least variability.

A minimum run of 150 million Euros damage was returned from MHAZUS,
and a minimum of 670 million Euros damage was returned from MDBELA.
The maximum run was around 2.5 billion Euros damage.

A median 1.6-1.7 billion Euros loss expected.

Median 27,000 deaths and 60,000 injuries, with much variation depending on
scenatrio.

SELENA was easily modified and showed the value of the OPAL process.
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‘Overview and Preliminary earthquake loss software
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These are the test regions (yellow) that have currently been used around the world for these ELE
software tools. LOSS-PAGER and QLARM have global coverage and are for real time
earthquakes. SAFER, ELER and a few others can also be used in real time. The rest are scenario-

Test regions used for worldwide ELE software packages

based. The red dot shows the location of Zeytinburnu.
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OPAL Multicriteria Analysis for Zeytinburnu
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& No. of bdgs/cell
Global Location: Zeytinburnu, Turkey. o. of bdgs/ce

Building class data: detailed—3E. Site class, buildings,
seismological information, cost data all present on
geocell level—Level 3.

Level wanted: District—split into geocells—Level 3

Best result given vulnerability: Using displacement
based (3V), followed by HAZUS (2-3V) and followed by
intensity (1-3V). i.e. analytical and then empirical.
Hazard wanted: Use of response spectrum.

Coding wanted: major—to achieve best result (complex).
Socio-economic analysis wanted: both complex (3SE).
Software tools in order of MCA results:

1. MAEviz, 2. DBELA, 3. SP-BELA, 4. ELER, 5. SELENA,

6. HAZUS, 7. EQRM, 8. StrucLoss, 9. EQSIM, 10. CAPRA
MAEviz had already done a Zeytinburnu case study.
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Future directions for @PAL

The procedure has been used by a number of scientists around the

world to decide appropriate software and the next steps are as follows:

Online MCA tool setup using the OPAL procedure to allow global use.
A 2010 version of the OPAL report is proposed and continued
expansion.

Integration with CATDAT Damaging Earthquakes database to provide
historic earthquake information for any user test region.

MDBELA and MHAZUS to be released online.

OPAL aims to provide an open source framework to help
researchers select appropriate software for their studies into
regional earthquake loss estimation.




