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We have seen in the First Day of the Training Course:

ü The forward probabilistic framework

ü Damage scales

ü Definition of fragility function

ü Empirical fragility assessment using GLM

ü Bayesian model class selection

ü The definition of vulnerability function
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computeFrag

Will be added 

to the ETRiS

https://eurotsunamirisk.org/tsunamirisktoolkit/ 

If you are using computeFrag, you should cite this paper:

Jalayer, F., Ebrahimian, H., Trevlopoulos, K. and Bradley, B., 2023. Empirical tsunami fragility modelling for 

hierarchical damage levels. Natural Hazards and Earth System Sciences, 23(2), pp.909-931.

https://doi.org/10.5194/nhess-23-909-2023 

https://www.ics-c.epos-eu.org/
https://eurotsunamirisk.org/tsunamirisktoolkit/
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3

Selecting the simplest model that fits 
the data best amongst the suite of 
three candidate fragility models with 
alternative link functions described 
before.

Fragility and confidence interval 
derivation by BMCS-based 
hierarchical fragility modelling  

The fragility model parameters are inferred 
using Maximum Likelihood Estimate (MLE) 
method or by using the Bayesian inference 
(BMCS) considering Hierarchical fragility 
modelling.     

The input is the vector of tsunami intensity 
measures (IM) and the corresponding 
observed damage levels (D) for the 
inspected buildings and infrastructures.
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Input Fragility model 
parameter 
estimation

The fragility models are described using 
generalized linear model (GLM) with three 
different link functions: logit , probit  and 
cloglog.

Fragility assessment by MLE-
based hierarchical fragility 
modelling

Bayesian Model 
Class Selection

Step 03

Step 04

ComputeFrag: an integrated workflow based on Bayesian model class selection for empirical hierarchical fragility 

modeling for a class of assets

https://eurotsunamirisk.org/tsunamirisktoolkit/ 
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The architecture of computeFrag 

Using generalized linear regression (glm) based 
on Maximum Likelihood Estimation method 
(MLE method) considering hierarchical fragility 
modeling.
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Fragility assessment by MLE-based hierarchical 
fragility modeling 

The file          .csvcontaining two columns, the first for the intensity measures and the second for the damage levels.

calculate_glm.m

Employing the Bayesian inference for model 
updating using adaptive MCMC to obtain the 
joint distribution of the model parameters 
(BMCS method) using hierarchical fragility 
modeling.

posteriorFragilityFunction.m

Using generalized linear regression (glm) based 
on maximum likelihood estimation (MLE-Basic 
method) and fitting the fragility model to one 
damage state at a time.

calculate_glm_basic.m

calculate_fragility.m

Robust Fragility assessment by BMCS-based 
hierarchical fragility modeling 

RobustFragility_DS.m

Fragility assessment by MLE-Basic method

calculate_fragility_basic.m

Bayesian model class selection (BMCS) and 
parameter inference using adaptive MCMC

calculate_loge.m
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https://github.com/eurotsunamirisk/computeFrag/tree/main/Code_ver2

MLE-based hierarchical fragility modeling BMCS-based hierarchical fragility modeling MLE-Basic fragility modeling

European Tsunami Risk Service (ETRiS)

https://www.ics-c.epos-eu.org/
https://github.com/eurotsunamirisk/computeFrag/tree/main/Code_ver2


Input & Output Concept
of computeFrage

- BMCS-based hierarchical fragility 

model parameters.

- Robust fragility assessment and its 

confidence interval. 

Observed Tsunami 

intensity measures 

(IM)

Observed damage 

levels (D)

Version 1

Version 2 

2

ü MATLAB version

ü Standalone docker 

application that calls 

the MatLab engine

Output version 1

ü MATLAB version

Providing a docker 

application with 

Jupyter notebooks

- MLE-based hierarchical fragility model 

parameters and fragility assessment. 

- BMCS-based hierarchical fragility 

model parameters, Robust fragility 

assessment, and Bayesian model class 

selection.

- MLE-Basic fragility model parameters 

and fragility assessment. 

Output version 2
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Robust fragility (BMCS) vs. fragility assessment (MLE) for Model 3
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Version 3

Released soon
- Improvements to Version 2

- Adding Figures to the output
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Recall from the First Day
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Recall from the First Day
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Damage level 

Damage State
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HierarchicalFragility Modelling

BasicFragility Modeling
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Jalayer, F., Ebrahimian, H., Trevlopoulos, K. and Bradley, B., 2023. Empirical tsunami fragility modelling for 

hierarchical damage levels. Natural Hazards and Earth System Sciences, 23(2), pp.909-931.
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HierarchicalFragility Modelling

BasicFragility Modeling
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iWith this condition, we ensure that the 

fragility curve of a lower damage level 
will not fall below the fragility curve of 
the subsequent damage threshold. 

The ill condition that 

ὖὈὛὍὓ π

Hierarchical vs. Basic Fragility Modelling 
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All buildings in with observed 
damage Ὀ Ὀ Ὀ will be 

assigned a probability equal to zero, 
while those with Ὀ Ὀ will be 

assigned a probability equal to one. 

Hierarchical Fragility Modelling 
using MLE ɀ Parameter Estimation

calculate_glm.m

“ ὖὈ Ὀ Ὀ ὈȟὍὓ

The vector of fragility model 
parameters is:

 ‌ȟȟ‌ȟȟὮ πȡὔ ρ

All buildings in with observed 
damage Ὀ Ὀwill be assigned a 

probability equal to zero, while 
those with Ὀ Ὀ will be assigned a 

probability equal to one. 

Basic Fragility Modelling using MLE 
(MLE-Basic) ɀ Parameter Estimation

calculate_glm_basic.m

“ ὖὈ Ὀ Ὅὓ

The vector of fragility model 
parameters is:

 Ᵽ ‌ȟ‌ for each level Ὀ

theta_prior_model k 
k=1,2,3

theta_basic_model k 
k=1,2,3

ComputeFrag functions for Hierarchical vs. Basic Fragility Modelling: MATLAB ToolBox using 

MLE for Parameter Estimation 

Using MATLAB ToolBox 

https://www.ics-c.epos-eu.org/
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01 Tutorial
Hierarchical and Basic Fragility Modelling 
using MLE by MATLAB ToolBox 
ɀ Parameter estimation

Building class 2 (Timber residential) of South Pacific 2009 
Tsunami

DM

Reese, S., Bradley, B. A., Bind, J., Smart, G., Power, W., and Sturman, J.: Empirical building fragilities from observed damage in the 2009 South Pacific 

tsunami, Earth-Sci. Rev., 107(1-2), 156-173, 2011.

ComputeFrag functions for Hierarchical vs. Basic Fragility Modelling: MATLAB ToolBox using 

MLE for Parameter Estimation 

https://www.ics-c.epos-eu.org/
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The adaptive MCMC procedure for 
drawing samples from the joint 
posterior ὴ ȿἎȟ of given 
model is carried out by considering 
6 chains (simulation levels), and a 
maximum of 2000 samples per chain.

Hierarchical Fragility Modelling 
using Bayesian Inference

posteriorFragilityFunction .m

“ ὖὈ Ὀ Ὀ ὈȟὍὓ

Samples ȟȟ ȟȟỄȟ ȟ

 ‌ȟȟ‌ȟȟὮ πȡὔ ρ

sample_theta_model k  
k=1,2,3

Prior: A multivariate normal distribution 
with zero correlation between the pairs 
of model parameters

ComputeFrag function for Hierarchical Fragility Modelling: Bayesian Inference for Parameter 

Estimation 

https://www.ics-c.epos-eu.org/
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02 Tutorial
Hierarchical Fragility Modelling using Bayesian 
Inference by ComputeFrag -  Parameter 
estimation

Mixed Building type (Masonry and Wood) of Dichato, Maule, 
2010 Chile Tsunami

Building class 2 (Timber residential) of South Pacific 2009 
Tsunami

DM

DM

Mas, E., Koshimura, S., Suppasri, A., Matsuoka, M., Matsuyama, M., Yoshii, T., Jimenez, C., Yamazaki, F. and Imamura, F., 2012. Developing Tsunami fragility 

curves using remote sensing and survey data of the 2010 Chilean Tsunami in Dichato. Natural Hazards and Earth System Sciences, 12(8), pp.2689-2697.

ComputeFrag function for Hierarchical Fragility Modelling: Bayesian Inference for Parameter 

Estimation 

https://www.ics-c.epos-eu.org/
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Building class 2 (Timber residential) of South Pacific 2009 Tsunami

DM

sample_theta_model3

theta_prior_model 3

Hierarchical Fragility Modelling using Bayesian 
Inference ɀ Parameter estimation

Hierarchical Fragility Modelling 
using MLE ɀ Parameter estimation

0.2511

0.8625

0.8828

0.3553

-2.1409

4.6477

The marginal normal priors 
×ÉÔÈ ÌÁÒÇÅ #/6ȭÓ

CI: 2% and 98% of the data 
based on the counted 

statistics 

https://www.ics-c.epos-eu.org/
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Building class 2 (Timber residential) of South Pacific 2009 Tsunami
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Mixed Building type (Masonry and Wood) of Dichato, Maule, 2010 Chile Tsunami

sample_theta_model2

theta_prior_model2

Hierarchical Fragility Modelling using Bayesian 
Inference ɀ Parameter estimation

Hierarchical Fragility Modelling 
using MLE ɀ Parameter estimation

DM

0.1136

0.5244

https://www.ics-c.epos-eu.org/
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Hierarchical Fragility Modelling 
using MLE of fragility model 

parameters

 ‌ȟȟ‌ȟȟὮ πȡὔ ρ

calculate_fragility .m

Fragility Curve based on the 
vector of IM defined

FA_model k , k=1,2,3

ComputeFrag function for estimating Hierarchical Fragility Assessment using GLM

https://www.ics-c.epos-eu.org/
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Basic Fragility Modelling using 
MLE of the fragility model 

parameters
 Ᵽ ‌ȟ‌ for each level Ὀ 

calculate_fragility_basic .m

FA_basic_model k 
k=1,2,3

The fragility “ ὖὈ Ὀ Ὅὓ is 

obtained by using a generalized linear 
regression model according with 
ȰÌÏÇÉÔȱȟ ȰÐÒÏÂÉÔȱ ÏÒ Ȱcloglogȱ ÌÉÎË 
function fitted to the damage data (
where Ὧ ρȡσ)

Fragility Curve based on the 
vector of IM defined

ComputeFrag function for estimating Basic Fragility Assessment using GLM

https://www.ics-c.epos-eu.org/
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03 Tutorial
Hierarchical and Basic Fragility Assessment 
using MLE of fragility model parameters 

Mixed Building type (Masonry and Wood) of Dichato, Maule, 
2010 Chile Tsunami

Building class 2 (Timber residential) of South Pacific 2009 
Tsunami

DM

DM

ComputeFrag function for estimating Hierarchical / Basic Fragility Assessment

https://www.ics-c.epos-eu.org/
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Mixed Building type (Masonry and Wood) of Dichato, Maule, 2010 Chile Tsunami

DM

https://www.ics-c.epos-eu.org/
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Building class 2 (Timber residential) of South Pacific 2009 Tsunami

DM
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Hierarchical Fragility Modelling 
using Bayesian Inference for

the fragility model parameters

ȟȟ ȟȟỄȟ ȟ

 ‌ȟȟ‌ȟȟὮ πȡὔ ρ

RobustFragility_DS .m

RF_model k, k=1,2,3

Fragility Curve and its confidence 
interval based on the vector of IM

ComputeFrag function for estimating Hierarchical Fragility Assessment using Bayesian Inference 

(Robust Fragility assessment)

https://www.ics-c.epos-eu.org/
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Hierarchical Fragility Modelling 
using Bayesian Inference for

the fragility model parameters

ȟȟ ȟȟỄȟ ȟ

 ‌ȟȟ‌ȟȟὮ πȡὔ ρ

RobustFragility_DS .m

RF_model k, k=1,2,3

Fragility Curve and its confidence 
interval based on the vector of IM

ComputeFrag function for estimating Hierarchical Fragility Assessment using Bayesian Inference 

(Robust Fragility assessment)

https://www.ics-c.epos-eu.org/
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Hierarchical Fragility Modelling 
using Bayesian Inference for

the fragility model parameters

ȟȟ ȟȟỄȟ ȟ

 ‌ȟȟ‌ȟȟὮ πȡὔ ρ

RobustFragility_DS .m

RF_model k, k=1,2,3

Fragility Curve and its confidence 
interval based on the vector of IM

ComputeFrag function for estimating Hierarchical Fragility Assessment using Bayesian Inference 

(Robust Fragility assessment)

https://www.ics-c.epos-eu.org/
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04 Tutorial
Hierarchical Fragility Assessment using 
Bayesian Inference 

Mixed Building type (Masonry and Wood) of Dichato, Maule, 
2010 Chile Tsunami

Building class 2 (Timber residential) of South Pacific 2009 
Tsunami

DM

DM

Building class 3 (Non engineered light timber) of Sulawesi-
Palu2018 Tsunami 

DMὈὈὈ

ὈὛ ὈὛ ὈὛ
Paulik, R., Gusman, A., Williams, J. H. et al. (2019). Tsunami 

hazard and built environment damage observations from Palu

city after the September 28 2018 Sulawesi earthquake and 

tsunami. Pure Appl. Geophys. 176, 3305-3321.

ComputeFrag function for estimating Hierarchical Fragility Assessment using Bayesian Inference 

(Robust Fragility assessment)

https://www.ics-c.epos-eu.org/
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Mixed Building type (Masonry and Wood) of Dichato, Maule, 2010 Chile Tsunami

DM

The median intensity, – , for a given 

damage level, is calculated as the IM
corresponding to 50% probability on the 
fragility curve.

The logarithmic standard deviation 
(dispersion) of the equivalent lognormal 
fragility curve at the onset of damage 
threshold, ‍ , is estimated as half of the 

logarithmic distance between the IMs 
corresponding to the probabilities of 16% 
(Ὅὓ ) and the 84% (Ὅὓ ) on the fragility 
curve; thus, the dispersion can be 
estimated as

‍ πȢυπÌÎ ϳὍὓ Ὅὓ . 

Number of Data = 915

https://www.ics-c.epos-eu.org/
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Mixed Building type (Masonry and Wood) of Dichato, Maule, 2010 Chile Tsunami

DM

The overall effect of epistemic 
uncertainties (due to the uncertainty in the 
fragility model parameters and reflecting 
the effect of limited sample size) on the 
median of the empirical fragility curve is 
considered through (logarithmic) intensity-
based standard deviation denoted as ‍ . 
It can be estimated as half of the (natural) 
logarithmic distance (along the IMaxis) 
between the median intensities (i.e., 50% 
ÐÒÏÂÁÂÉÌÉÔÙɊ ÏÆ ÔÈÅ 2&ȭÓ ÄÅÒÉÖÅÄ ×ÉÔÈ ΣΨϷ 
(denoted as Ὅὓ ) and 84% (Ὅὓ ) 
confidence levels, respectively:
‍ πȢυπÌÎ ϳὍὓ Ὅὓ . 

Number of Data = 915

https://www.ics-c.epos-eu.org/
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Mixed Building type (Masonry and Wood) of Dichato, Maule, 2010 Chile Tsunami

DM
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Mixed Building type (Masonry and Wood) of Dichato, Maule, 2010 Chile Tsunami

DM

Jupyter Notebooks for Fragility Visualisation

https://github.com/eurotsunamirisk/VisualizeFragility

https://www.ics-c.epos-eu.org/
https://github.com/eurotsunamirisk/VisualizeFragility
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Building class 2 (Timber residential) of South Pacific 2009 Tsunami

DM

The Issue of rejected samples
Some samples ȟ may lead to fragility 
curves with unrealistic configurations as 
follows: (1) having negative slope as the IM 
increases; (2) Having high exceedance 
probability at very low IM values. To this 
end, those samples should be rejected. This 
case is more often when limited number of 
observed damages exists for a specific class 
of building.  
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Robust fragility, sample fragilities and fragility parameters for Model 3

 

 

D
5
-BMCS

° 1s for D
5

Sample fragilities

D
5
 is not exceeded

D
5
 is exceeded

Number of Data = 23
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Building class 2 (Timber residential) of South Pacific 2009 Tsunami

DM
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Building class 3 (Non engineered light timber) of Sulawesi-Palu 2018 Tsunami 

DMὈὈὈ

ὈὛ ὈὛ ὈὛ

Number of Data = 14

RF_model2

https://www.ics-c.epos-eu.org/

