
Displacement Model Type Available Models

Principal 
Faulting (PF)

Fault
Displacement

• Youngs et al. (2003) • Petersen et al. 
(2011) • Moss & Ross (2011) • Takao et al. 
(2013) • Lavrentiadis et al. (2023) • Kuehn 
et al. (2024) • Moss et al. (2024)• Chiou et 

al. (2025)

Surface 
Rupture

• Wells & Coppersmith (1993) • Youngs et 
al. (2003) • Moss & Ross (2011) • Takao et 

al. (2013) • Moss et al. (2013) • Yang et 
al. (2021) • Pizza et al. (2023) • 

Mammarella et al. (2024)

Distributed
Rupture (DR)

Fault
Displacement

• Youngs et al. (2003) • Petersen et al. 
(2011) • Visini et al. (2025)

Surface 
Rupture

• Youngs et al. (2003) • Petersen et al. 
(2011) • Takao et al. (2013, 

2014) • Ferrario et al. (2021) • Rodriguez et 
al. (2023) • Visini et al. (2025)

Take Home Message
➢ Successfully developed a prototypal PFDHA framework including the comprehensive model library. Demonstrated workflow 

capability through end-to-end calculations covering both on-fault (principal) and off-fault (distributed) displacement scenarios.

➢ The Calabria case study highlights the importance of logic tree approaches to capture epistemic uncertainties arising from 
different model formulations, parameter selections, and source configurations. It also emphasises that the tectonic model 
strongly drive the results and that, consequently, its definition is a crucial step in assessing the fault displacement hazard.
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Block diagram illustrating principal and 
distributed ruptures in a normal faulting 

tectonic setting (Valentini et al., 2025)
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Scope of the work
➢ Develop a transparent and reproducible framework for PFDHA (Probabilistic Fault Displacement Hazard Assessment) within the OpenQuake Engine

➢ Provide a case study application in Southern Italy (Calabria Region).

Case Study in the Calabria Region 

Implemented FDHA models

Need more information ? 
You can contact me at: 

hfernandez@ogs.it
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Lett. 84; Moss R.E.S. et al., 2024, Earthq. Spectra 41; Pagani M. et al., 2014, Seismol. Res. Lett. 85; Petersen M.D. et 
al., 2011, Bull. Seismol. Soc. Am. 101; Pizza M. et al., 2023, Bull. Seismol. Soc. Am. 113; Rodriguez Padilla A.M., 
Oskin M.E., 2023, Bull. Seismol. Soc. Am. 113; Takao M. et al., 2013, J. Japan Assoc. Earthq. Eng. 13; Takao M. et al., 
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Res. Lett. 64; Yang H. et al., 2021, GSA Bull. 133; Youngs R.R. et al., 2003, Earthq. Spectra 19.

Source Model
(NRML/XML)

Fault geometry, MFD, 
kinematics, style-of-

faulting

FD Model Logic Tree (on going)
Primary Surface Rupture Model

Primary Fault Displacement Model
Secondary Surface Rupture Model

Secondary Fault Displacement Model

Generate the Earthquake Rupture Forecast & Loop for each site, rupture
Sample magnitudes from MFD, generate ruptures, compute occurrence rates

Distance to fault 
r ≤ threshold?YES NO

Principal (On-Fault)
Hazard Calculation

Compute Distributed Displacement 
Exceedance Probability

Aggregate Over All Ruptures;
Combine Principal, Distributed components

Generate Output
Hazard Curve: Annual Frequency of Exceedance at target displacement (m)

Hazard Map: Displacement at the target return period across the grid and 
fault trace

Configuration
(INI)

Site location, 
calculation 
parameters

Compute Principal Displacement 
Exceedance Probability

Distributed (Off -Fault) Hazard 
Calculation

PFDHA Workflow implemented in the OpenQuake Engine

Displacement hazard curves at two selected sites (blue stars on the map above) for the scenario 3.
Rovito: POE in 50 yr are about 1% for 10 cm. 

Castrovillari: POE in 50 yr for 10 cm are very low (< 0,05%).

Hazard maps of the 4 scenarios explored for a return 
period of 100 kyr. Displacements represented in the maps 
refer to the horizontal slip component for strike-slip fault 
(purple-white colorbar), and the vertical component for 
normal faults (red-blue legend). YEA03 model is used for 
normal faulting and PEA11 for strike-slip faulting. 

On the right, the maps represent the expected displacement to be exceeded in 15 kyr (top) and 100 kyr 
(bottom), using the scenario 3. For 15 kyr, the displacement is mainly confined along the surface fault traces 
while for 100 kyr it quickly decreases when going further from the main trace.

Simplified seismotectonic model of Northern Calabria, based on literature data and the ITHACA (ISPRA) and DISS 
(INGV) fault databases. Left panel: critically revised collection of potential fault sources. Right panel: final source 
model. The 11 potential fault sources are modelled by 4 alternative scenarios, representing various source 
configurations, with debated active faults shown in red and green solid and dashed lines.
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