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“The non-life insurance pricing consists of establishing a 

premium or a tariff paid by the insured to the insurance 

company in exchange for the risk transfer. A usual way to 

obtain the insurance premium is to combine the 

conditional expectation of the claim frequency with the 

expected claim amount.” (David, 2015)
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“The non-life insurance pricing consists of establishing a 

premium or a tariff paid by the insured to the insurance 

company in exchange for the risk transfer. A usual way to 

obtain the insurance premium is to combine the 

conditional expectation of the claim frequency with the 

expected claim amount.” (David, 2015)

“In reinsurance premiums are calculated very often by the 

so-called burning cost method (see Gerathewohl (1976), 

chapter 5), a very elementary estimating or forecasting 

method.” (Kremer, 1984)
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Introduction
Basic principle of insurance
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?

Problem:

  Not enough observations of 

  real losses and too short 

  observation interval.

➔ modeling of synthetic 

     event sets necessary !
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Property Catastrophic Modelling

• Probabilistic Seismic 

Hazard Assessment,  
Cornell, 1968

Esteva, 1970

McGuire, 1976

• Logic Tree,               

Kulkarni et al., 1984

• Monte Carlo simulation, 

Musson, 2009

Modified by TERA, 1980
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Annual average loss is

computed via:

AAL = S ( Li * Pi )

Property Catastrophic Modelling
Event Loss Table (ELT) and Annual Average Loss (AAL)
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Property Catastrophic Modelling
Probable Maximum Loss (PML)

Traditional Insurance
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 * = expected number of years between events that exceed a certain loss level

(see also Homer&Li, 2017)
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Property Catastrophic Modelling

• Probabilistic Seismic 

Hazard Assessment,  
Cornell, 1968
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McGuire, 1976

• Logic Tree,               

Kulkarni et al., 1984

• Monte Carlo simulation, 

Musson, 2009
Modified by TERA, 1980
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11Baker, Bradley and Stafford (2021)

NGA-West2 Database

NEAR-SOURCE DAMAGING 

SCENARIOS

11

«Anomalous Propagation of Long-Period Ground Motions Recorded in 

Tokyo during the 23 October 2004 Mw 6.6 Niigata-ken Chuetsu, Japan, 

Earthquake» by Takashi Furumura and Toshihiko Hayakawa, Bulletin of 

the Seismological Society of America, Vol. 97, No. 3, pp. 863–880, June 

2007, doi: 10.1785/0120060166

Ground Motion Models (GMMs)
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From a physical perspective the peculiar behavior of the 

records can be explained…

The End
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source

propagation

path

Topographic

effects

stratigraphic

effects + non 

linear soil effects

Courtesy of Prof. Roberto Paolucci

Different 

Buildings

lateral

heterogeneities

Same 

Building but 

different 

Foundation 

soil
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26. October 2022 13MRTRIGGER - Training

Physics-Based Scenarios (PBSs) need to be 

verified and validated

Stupazzini M, Paolucci R, Igel H (2009), Near-fault earthquake ground-

motion simulation in the Grenoble valley by a high-performance Spectral 

Element code, BSSA , 99: 286–301.

Verification Validation

Chaljub E., Moczo P., Tsuno S., Bard P.Y., Kristek J., Käser M., Stupazzini 

M., Kristekova M. (2010), Quantitative Comparison of Four Numerical 

Predictions of 3D Ground Motion in the Grenoble

Valley, France. BSSA, 100: 1427-1455

Paolucci R., Mazzieri 

I., Smerzini C., (2015), 

Anatomy of strong 

ground motion: near-

source records and 

three-dimensional 

physics-based 

numerical simulations 

of the Mw 6.0 2012 

May 29 Po Plain 

earthquake, Italy, GJI, 

203-3: 2001–2020.
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http://speed.mox.polimi.it/

step1, Physics-Based Scenario (PBS)            +        step2, Artificial Neural Network (ANN)

R.Paolucci, F.Gatti, M.Infantino, C.Smerzini, A.Güney

Özcebe, M.Stupazzini (2018), Broadband Ground 

Motions from 3D Physics-Based Numerical Simulations

Using Artificial Neural Networks, BSSA, 108 (3A): 1272-

1286.

SPEED “recipe” to compute broadband (BB) ground motion simulations
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Stupazzini M., Infantino M., Allmann A., Paolucci R., 2020. „Physics based probabilistic seismic hazard and loss assessment 

in large urban areas: A simplified application to Istanbul“, Earthquake Engineering & Structural Dynamics 50(2), 99-115,

DOI: 10.1002/eqe.3365

“Footprint” based PSHA
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S1
S2 S3 S4

GMM, GM(Si) = f(M,R,S)

Simulation 0

(fault plane)

M

Vs30

GM

R

where,

M  moment magnitude

R  distance to rupture

S  soil type

GMMs vs Physics-Based Scenario (PBS)  in a nutshell
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GM

PBS based approach, GM(Si) = f(M,R,S,...

 slip pattern, hypocenter, 3D alluvial 

                basin, soil non linearities, topography) 

Simulation 1

(directive rupture)

How to use PBS into SHA: “Footprint based” approach
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PBS based approach, GM(Si) = f(M,R,S,...

 slip pattern, hypocenter, 3D alluvial 

                basin, soil non linearities, topography) 

Simulation 1

(directive rupture)

B1 B2 B3 B4

How to use PBS into PRA: “Footprint based” approach
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GM

PBS based approach, GM(Si) = f(M,R,S,...

 slip pattern, hypocenter, 3D alluvial 

                basin, soil non linearities, topography) 

Simulation 1

(directive rupture)

Event Loss Event 

Freq.

1 Loss1 Freq1

Loss1 = LossB1  +  LossB2   +   LossB3     +    LossB4

B1 B2 B3 B4

How to use PBS into PRA: “Footprint based” approach
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GM

PBS based approach, GM(Si) = f(M,R,S,...

 slip pattern, hypocenter, 3D alluvial 

                basin, soil non linearities, topography) 

Simulation 2

(antidirective rupture)

Loss2 = LossB1  +  LossB2   +   LossB3     +    LossB4

Event Loss Event 

Freq.

1 Loss1 Freq1

2 Loss2 Freq2

… … …

How to use PBS into PRA: “Footprint based” approach
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Event Loss Event 

Freq.

1 Loss 1 Freq 1

2 Loss 2 Freq 2

3 Loss 3 Freq 3

4 Loss 4 Freq 4

5 Loss 5 Freq 5

6 Loss 6 Freq 6

7 Loss 7 Freq 7

8 Loss 8 Freq 8

9 Loss 9 Freq 9

… … …

n Loss n Freq n

Return Period [years]
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Probable Maximum Loss (PML)

How to use PBS into PRA: “Footprint based” approach
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PRA results according to the “Footprint based” approach against

classical approaches

Footprint: pml based on physics-based footprints

GAF: Generalized Attenuation Function (see Villani et al., 2014)

CHYO14: pml based on Chiou&Youngs 2014 ground motion model

BRRM04: pml based on Bray&Rodriguez-Marek 2004 ground motion model

CHYO14 + JABA09: pml based on Chiou&Youngs 2014 ground motion model including the spatial correlation model of Jayaram&Baker 2009

Stupazzini M., Infantino M., Allmann A., Paolucci R., 2020. „Physics based probabilistic seismic hazard and loss assessment 

in large urban areas: A simplified application to Istanbul“, Earthquake Engineering & Structural Dynamics 50(2), 99-115,

DOI: 10.1002/eqe.3365
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Mexico City 
(17-07-2019 Mw3.2)
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(14/15-04-
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Mw6.5-7.0)

Po Plain
(29-05-2012 Mw6)
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(30-10-2016 
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Included in BB-

SPEEDset (v1.0)

Overview of case studies by SPEED
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BB-SPEEDset: a dataset of near-source physics-based 

simulated accelerograms

27

Mw- Rjb and VS30 distribution of BB-SPEEDset

Open-source: 

http://speed.mox.polimi.it/bb-speedset/

• Flatfile

• 3-component broadband accelerograms (12’000)

NESS2.0 

(Sgobba et al. 

2021) 
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Status-quo
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Conclusions:

„Physics-Based Ground Motion Modelling“ community

Was able to…

− generate a large amount of verified and validated physics-based simulations worldwide,

− challenge and improve the quality of Physics-Based Silumations (PBS) according to different quantitative metrics 

criteria,

− identify scientific research fields, presently under investigation.

TO DO:

− PBSs tend not to be collected into a global repository in contrary to what other community have acchieved (e.g.: GEM 

Global Earthquake Model);

− it is difficult to obtain already simulated PBSs and to make use of the different published results;

− still missing common standard to store PBSs results.

The accomplishment of the TO DO‘s will drastically accelerate the adoption and therefore testing 

of PBSs in Seismic Risk Assessment.
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