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intraplate seismicity (Figs 1a & 5). This can be done
using the toolkit, but with explicit user judgement
based on cross-sections of the profiles with swaths
of geophysical data and models (e.g. focal

mechanisms, hypocentres, crustal structure) pro-
jected onto each. The models that have so far been
developed with this methodology considered, at
minimum, the following: earthquake hypocentres

Fig. 1. Schematic explaining the process for creating intraslab ruptures. (a) Visualization of top-of-the-slab depth
profiles. Red lines indicate the map-view profiles originating at the subduction trench that are used to sample the
subduction geometry as in the section ‘Geometry definition’ and Figures 3 and 5. Green dashed lines indicate the
picked depths along each profile. At this point, there is no regularity to the top-of-slab geometry. (b) Production of
mesh that represents the slab-top surface. The purple mesh is draped across the green-dashed depth profiles, and
divided into cells of equal areas. The grey mesh representing the slab-bottom is solely for visualization, and not
directly used in the rupture-building procedure described in the main text. (c) Demonstration of a virtual fault that
populates the slab volume. Solid red lines form a defined angle respective to the mesh top, initiating from each mesh
cell corner and then stitched together with those along a common mesh ‘edge’ to form a virtual fault. A virtual fault
for each specified dip angle is formed along each mesh edge, and the modelled rupture geometries are floated along
the virtual fault surfaces.

Modelling subduction sources for PSHA
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Components: Seismic Source Characterization

Since 2014 OpenQuake Engine offers a stable set of earthquake 
sources including: 
- Two typologies of sources for modelling distributed seismicity 

(points and areas)
- Three typologies of fault sources

(simple fault, complex fault, 
characteristic fault)

- Non-parametric sources (i.e. a list 
of ruptures each one with a 
probability of 0, 1, .. occurrences 
in a given time span)



Components: Ground-Motion Characterization

On the ground motion modelling side the library of empirical ground-
motion models kept on growing, with large contributions from the 
community. 
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Testing
- Unit-testing
- End-to-end testing

Versatility
- Can be used as a 

library (components 
of the OQ Engine 
used in the USGS 
Shakemap System)

- Supports most of the 
publicly accessible 
hazard models 
available globally

- Works with the risk 
component

Large GMM Library 
with more than 130 
models

User defined LTs
For SSC and GMC
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Experimental features

Computing hazard for a 
cluster of ruptures
Follows the 
implementation
used by the 
USGS for 
modelling 
ruptures in 
the New 
Madrid area

<?xml version="1.0" encoding="utf-8"?>

<nrml xmlns="http://openquake.org/xmlns/nrml/0.5"
xmlns:gml="http://www.opengis.net/gml">

<sourceModel>
<sourceGroup name="group 1"
tectonicRegion="Active Shallow Crust" 

cluster="true" tom="PoissonTOM"   
occurrence_rate="0.001">

<nonParametricSeismicSource
id="1” name="Fake"

rup_weights="0.2 0.8"
tectonicRegion="Some TRT">
…
</nonParametricSeismicSource>

<nonParametricSeismicSource
id="1"
name="Fake Non Parametric Source"
rup_weights="0.2 0.8"
tectonicRegion="Some TRT">

…
</nonParametricSeismicSource>

</sourceGroup>
</sourceModel>

</nrml>



Experimental features

Computing hazard using 
amplification functions
• The user specifies in the input an 

amplification function for each 
site (or category of sites)

• Three calculation options 
available:
– Convolution approach
– Kernel approach
– Event based approach



Future

Better support rupture sets from 
fault system solutions (e.g. 
UCERF3, SHERIFS)
Collaborating with the USGS and 
GNS Science at generalizing their 
description and optimizing 
calculation based on this typology 
of earthquake source 

Very large…

Yet, in these examples, not all 
possible ruptures are kept in the 
model.

A new rupture is added to the
model only if it is adding
information for a magnitude bin
that is not very populated for some
of the participating fault sections.

This is keeping the number of 
ruptures from exploding in 
complex areas.

Chartier et al. (in preparation)



Future

New fault typology
Simple and complex faults both have 
pros and cons. The former lacks of 
flexibility in describing the geometry. 
With the latter, floating ruptures can be 
in some cases difficult.



Future

Non-ergodic GMMs
There is an increasing 
number of GMMs that –
using a variety of 
approaches – relax the 
ergodic assumption.  

Abrahamson et al. (2019)



Future

Incorporating the 
contribution of 
aftershocks and 
foreshocks
We plan to first implement 
the Boyd (2012) 
approach and to extend it 
in a second phase. 

Gee et al. (submitted)
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