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Agenda: First Day, November 6th

ǒ Introduction to Geo-INQUIRE

ǒ Introduction to EPOS, Tsunami cTCS, and ETRiS

ǒ The forward probabilistic framework

ǒ Damage scales

ǒ Definition of fragility function

ǒ The fragility function for a class of assets

ǒ The definition of vulnerability function

ǒ Empirical fragility curves

ǒ Empirical fragility assessment using GLM

ǒ Bayesian model class selection

ǒ Examples
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Geo-INQUIRE Project (https://www.geo-inquire.eu/)

ǒ Geo-INQUIRE will provide and enhance access to selected key data, products, 

and services, enabling the dynamic processes within the geosphere to be 

monitored and modelled at new levels of spatial and temporal detail and precision.

ǒ Geo-INQUIRE benefits from a unique partnership of 51 partners consisting of 

major national research institutes, universities, national geological surveys, and 

European consortia. 

ǒ Geo-INQUIRE aims to enhance the scientific communityôs awareness of the 

available assets by carrying out dedicated training programs to ensure the 

optimal use of the services, to support access, and to liaise with scientific users to 

understand how to continuously adapt the services to meet their needs. 
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European Plate Observing System (EPOS)

EPOS, the European Plate 

Observing System, is a 

multidisciplinary, 

distributed research 

infrastructure that 

facilitates the integrated 

use of data, data products, 

and facilities from the solid 

Earth science community 

in Europe.
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Candidate Thematic Core Service Tsunami 

(cTCS Tsunami)

cTCS Tsunami aims to establish 

sustainable and harmonized services 

for Tsunami Science and Tsunami 

Risk Reduction and to coordinate the 

provision of access to - and interaction 

with - data, products, software, 

workflows, and other services on a 

European level and beyond.

Currently 30 partner institutions 

across Europe from 14 countries
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The European Tsunami Risk Service (ETRiS)
The European Tsunami Risk Service 

(ETRiS) is a part of the cTCS 

Tsunami and is integrated into the data 

portal of EPOS. ETRiS aims to provide 

virtual access to Data, Data products, 

Software, and Services for tsunami 

vulnerability and risk components.
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What is the idea behind ETRiS?

o To provide researchers with tools that enable them to do research related to 

probabilistic tsunami risk assessment (PTRA). 

o To post-process raw data in a harmonized way to produce data products.

o To provide open access also to the software used to post-process data.

o To provide access to data products that are useful for multi-hazard and multi-

risk applications.

o To provide training activities on how to use the codes to process data and 

how to use then for PTRA. 
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A Forward Probabilistic Framework (PTRA)

IM (Intensity Measure)

e.g., flow depth, momentum flux DM Damage Measure

e.g., damage states

DV Decision Variable
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Decision variable

ǒ The decision variable DV is the generic variable 

used to describe risk. It is by fact a ñmetricò of risk 

such as the number of fatalities, the total economic 

loss, the annual expected loss, etc.
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Exposed Asset

ǒ The procedures we discuss today, apply in general to any asset 

exposed to risk, a building, a class of buildings, an infrastructure, a 

class of infrastructure.

ǒ In certain cases, it can even apply to population at risk.

ǒ Therefore, we use herein, the generic term ñexposed assetò to refer to 

persons and things exposed to risk.
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The intensity measure

ǒ Tsunami intensity measure is a scalar or vector that plays 

the role of interface variable between hazard and 

vulnerability (e.g., wave amplitude, flow depth, current 

velocity, momentum flux, or maximum inundation height).
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Tsunami Impact 

and Consequence 

Datasets

ǒ Euro-Mediterranean Tsunami Catalogue WFS (EMTC V2)

ǒ Italian Tsunami Effects Database (ITED, https://www.ics-c.epos-eu.org/)

ǒ Limited datasets in (csv format ) are available on the site of ETRiS.
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Tsunami Impact and Consequence Datasets 

(continued)

ǒ The Japanese Ministry of  Land, Infrastructure, and Transport and 

Tourism (MLIT)

ǒ https://www.mlit.go.jp/toshi/toshi-hukkou-arkaibu.html
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Damage scale

ǒ Damage scale is the ensemble of mutually exclusive ad 

collectively exhaustive (MECE) damage states used to 

described the whole range of possibilities in terms of 

damage for an exposed asset.
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Mutually Exclusive and Collectively Exhaustive 

Damage States

Damage states ὈὛȟὈὛȟȣȟὈὛ are mutually exclusive 

and collectively exhaustive (MECE) if an only if

ǒ ὖὈὛɇὈὛὍὓ π(if Ὥ Ὦ, Ὦ πȡὔ )

ǒ В ὖὈὛὍὓ ρ;
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Damage Levels and Damage States

Damage levels Dj are the thresholds that separate the 

different MECE damage states DSj.
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DM

ὈὛ
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ὈὛ ὈὛ ὈὛ ὈὛ

Damage

Level

Damage level description

D0 None no damage

D1 Light non-structural damage

D2 Minor significant non-structural damage,

minor structural damage

D3 Moderate significant structural and non-structural

damage

D4 Severe irreparable structural damage,

will require demolition

D5 Collapse complete structural collapse

South Pacific 2009

Reese et al. 2011

Damage

Level

Damage level description

D0 None no damage

D1 Repairable Partial damage, repairable

D2 Unrepairable Partial damage, unrepairable

D3 Complete Complete structural collapse

Sulawesi 2018

Paulik et al. 2019

Reese, S., Bradley, B. A., Bind, J., Smart, G., Power, W., & Sturman, J. (2011). Empirical building fragilities 

from observed damage in the 2009 South Pacific tsunami. Earth-Science Reviews, 107(1-2), 156-173.

Paulik, R., Gusman, A., Williams, J. H., Pratama, G. M., Lin, S. L., Prawirabhakti, A., ... & Suwarni, N. W. I. 

(2019). Tsunami hazard and built environment damage observations from Palu City after the September 28 

2018 Sulawesi earthquake and tsunami. Pure and Applied Geophysics, 176(8), 3305-3321.

Damage Scales: examples
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ETRiS: Data Products for Tsunami Risk Assessment

ǒ This page provides access to tsunami vulnerability and risk data 

products. These data products include various PTRA components 

such as damage scales, fragility curves, consequence functions, and 

vulnerability curves. The taxonomy used for labelling elements 

exposed to risk is GED4ALL. 

https://eurotsunamirisk.org/dataproducts/

ǒ Examples of Damage Scales in Literature
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The definition of the fragility 

ǒ In the context of risk 

assessment at at regional 

level, the fragility curve is 

defined as the probability 

of exceeding a specific 

damage level as a function 

of the intensity measure.
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The (alternative) definition of the fragility 

ǒ The fragility curve can also be defined as the cumulative distribution 

function (CDF) of the intensity measure value corresponding to the 

threshold of the damage level:
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The underlying assumptions

There are some implicit assumptions in the definition of fragility:

ǒ The fragility function is a filter function applied to a homogenous 

Poisson Process to filter a certain type of event (e.g., those 

earthquakes which lead to exceeding a certain damage level, or those 

tsunami events which lead to exceeding a certain damage level).

ǒ It is meaningful for a single system. It is assumed that with each new 

event of interest (from the ñmotherò Poisson Process), the system will 

be ñrenewedò back to its intact state (D0).
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Question: How can we define the concept of 

fragility for a building class?
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The concept of fragility curve for a class

ǒ The fragility curve for a class can be derived by assuming that the 

portfolio of buildings in a class is replaced by an ñaverageò 

representative building.

ǒ The dispersion in the class fragility curve, in theory,  should consider 

both the (1) variability in the different types of events (e.g., tsunamis, 

earthquakes) given the intensity measure; (2) the building-to-building 

variability within the class. 
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Empirical Fragility

ǒ Empirical fragility curves are models derived from pairs of observed 

damage and intensity data for buildings and infrastructure, usually 

collected, acquired and even partially simulated in the aftermath of 

disastrous events.

ǒ This implies that damage data are obtained for a group of spatially-

distributed surveyed exposed assets.
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The empirical fragility curves for a class

ǒ The fragility curve for a class can be derived by assuming 

that the portfolio of surveyed buildings represent a ñclassò 

or are subdivided into more classes and that each class is 

replaced by an ñaverageò representative structural model.
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The empirical fragility curves for a class

ǒ This implies a sort of ñspatial ergodicityò; that is, the surveyed damage 

data can be considered as different realizations of the average 

structural model to the event of interest.
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ǒ One consequence of such assumption is that the building-to-building 

variability is going to be considered in ñdisguiseò and as a contribution 

to fragility curve dispersion. 
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Equivalent 

Lognormal Statistics 

for Fragility Curve

27

ǒ The median intensity, 

– , for a given damage 

level, is calculated as the 

IM corresponding to 50% 

probability on the fragility 

curve. 
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Equivalent Lognormal 

Statistics for Fragility 

Curve
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ǒ The logarithmic standard 

deviation (dispersion) of the 

equivalent lognormal fragility 

curve, ‍ , is estimated as as 

‍ πȢυπÌÎ ϳὍὓ Ὅὓ . 
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