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GLOBAL SEISMIC HAZARD MAP

Produced by the Global Seismic Hazard Assessment Program (GSHAP),
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*  ETH Zurich - Swiss Seismological Service

*  GEM1 hazard team

* In House Expertise

*  GSHAP legacy (Giardini et al 1999)

*  First Regional Projects: SHARE (Europe) and
EMME (Middle East)

. First National Model: Seismic Hazard Model

*  PEGASUS/PRP Project (P. L. A.Renault et al
2014)

EARTHQUAKE MODEL OF
THE MIDDLE EAST REGION
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First steps: Regional Hazard Models
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The 2013 European Seismic Hazard Model (Woessner et al 2015)
1st Regional Hazard Model Computed with OpenQuake (v.07beta)

Europe [EUR] - 2013
The latest European hazard model,
peak ground acceleration (g) created within the EU funded SHARE
project (EU FP7 Grant)
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The ESC-SESAME unified hazard model » 3 source models
for the European-Mediterranean region » 960 End-Branches
imenez et al (1999) » 12 Intensity Measure Types
» 7 Return Periods [50 to 10000Years]
» Mean, Median and Four Quantile
» 130 000 sites
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Hazard Maps: 504
Hazard Curves: 9.36 mil

Uniform Hazard Spectra:
5.46mil
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First steps: Regional Hazard Models

The 2013 European Seismic Hazard Model (Woessner et al 2015)
1st Regional Hazard Model Computed with OpenQuake (v.07beta)

» Iterative development process
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» 3 source models
» 960 End-Branches
» 12 Intensity Measure Types
» 7 Return Periods [50 to 10000Years]
» Mean, Median and Four Quantile
» 130 000 sites
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Today | This runs in few hours
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m SHARE PSHA Model

Hardware Limitations

Software Limitations

Model Complexity
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©Q Iterative development process - Handling Requirements

OPENQUAKRE
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OoQ Key features: Library of the Ground Motion Models

OPENQUAKE
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- First set of GMPEs implemented in OQ hazard library (ESHM13, NGA WEST, European & Global GMPEs)
- Establish the testing framework for GMPEs implementation
- GEM Science Tools (GSIM - toolkit, Weatherill et al 2015) be asmwem e seom e soom  obe sooGm
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OQ

OPENQUAKE
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The 2020 European Seismic Hazard Map: Regional Backbone Model (Weatherill et al 2020)

- OQ Hazard libraries - GSIM Trellis Plots
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Regional Backbone Models.
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My = 40, Rgpp = 10.0 km

Key features: Library of the Ground Motion Models

My = 40, Rryp = 50.0 km

My = 40, Rpyp = 120.0 km
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OQ

OPENQUAKE
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Key features: Library of the Ground Motion Models

The 2015 Swiss Hazard Model (Wiemer et al 2015)

Extending Ground Motion Models (2014)
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Edwards et al 2015
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OQ Hazard libraries - Complex Ground Motion model, stochastic and adjusted empirical ground motion models
Vs30-kappa and small magnitude adjustments
Single station sigma
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909(5 Key features: Modelling Uncertainties
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» OpenQuake offers two methods for processing the logic tree:
— Monte Carlo Sampling: useful in case of large logic trees (e.g. LT containing uncorrelated uncertainties on seismic sources)

— Path Enumeration: useful in case of small logic trees (e.g. LT including few GMPEs, correlated uncertainties)

4600

S . ¢ > 5 - 10 .
eqrate model 5th [0.025] [ | T Toyeerey e T wor [ SA[020] mean /RP=475yrs/ SourceModel: Final Model
( | RP-10000yr~ - o,
- N i
- W S 38
5 . ' 9 L
Z 20
. / is e/
) b 0.3
oo
--------------- y (R
1 J
ossiles] ;
@ (MR [05] i N ] 0.2
_______________ ; 4 g = = 4630
AB10 N ~
[o10] m ; ¢ /
eqrate model 50th [0.68] @0 and 7 h 4 ol
) P 4 1600
vs-k [upper bound]
i (oo 0.0
& - 5 5 1
Cvos8 SA[0.25] Quantile 95th/5th Ratio o
[030] vs-k [mid] RP-475y7s frato]
10.70] w0
vs-k [lower bound]
[020] 0
ZHo6
[o-30]
= oo
eqratemodel 84th [0135] 3 4
eqrate model 95th [0.025] — ]
[%i

Computational time: 65h - 100k Sampling | full output, no post processing | 48CPUs - 256Gb RAM

2015 Swiss Hazard Model (Wiemer et al 2015)
- 5 seismogenic source model | 36 GMPEs | ~ 1M End-Branches | 100K sampled
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909“ Key features: Modelling Uncertainties
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» OpenQuake offers two methods for processing the logic tree:
— Monte Carlo Sampling: useful in case of large logic trees (e.g. LT containing uncorrelated uncertainties on seismic sources)

— Path Enumeration: useful in case of small logic trees (e.g. LT including few GMPEs, correlated uncertainties)
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Douglas et al 2015

No more need to define inputs for each logic tree path and run calculation in a batch and to post-process the results of different
realisations

ETH:zirich J\A.
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Q Key features: Continuous Update and Integration

OPENQUAKE
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HOW IS SHARE CONTRIBUTING TO OPENQUAKE?

Tips for running large hazard
. Table Of Contents
calculations S——

calculations
» The first thing to do

Running large hazard calculations, especially ones with large logic trees, is an art, and + Case study: GMFs for

there are various techniques that can be used to reduce an impossible calculation to a California

feasible one. - Disaggregation
This Page

The first thing to do Show soure
Quick search

The first thing to do when you have a large calculation is to reduce it so that it can run

in a reasonable amount of time. The simplest way to do that is to reduce the number of Go
sites, for instance by considering a small geographics portion of the region interested, of

by increasing the grid spacing. Once the calculation has been reduced, you can run it

and determine what are the factors dominating the run time.

As we discussed in section common mistakes, you may want to tweak the quadratic
parameters (maximum_distance, area_source_discretization,
rupture_mesh_spacing, complex_fault_mesh_spacing). Also, you may want to
choose different GMPEs, since some are faster than others. You may want to play with
the logic tree, to reduce the number of realizations: this is especially important, in par-
ticular for event based calculation were the number of generated ground motion fields
is linear with the number of realizations.

Once you have tuned the reduced computation, you can have an idea of the time re-
quired for the full calculation. It will be less than linear with the number of sites, so if
you reduced your sites by a factor by a number of 100, the full computation will take a
lot less than 100 times the time of the reduced calculation (fortunately). Still, the full
calculation can be impossible because of the memory/data transfer requirements, espe-
cially in the case of event based calculations. Sometimes it is necessary to reduce your
expectations. The example below will discuss a concrete case.

Michele Simionato OQ Lead Architect
https:/ / docs.openquake.org/og-engine /advanced /index.html
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Take Away Message

e OpenQuake - A Game Changer

e Continuous improvement, facilitates evolution of
models and tools

e Outstanding support for developing and
implementing - hazard & risk models & tools

e GEM - excellent community engagement and
support
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The OpenQuake Engine is an open source application that allows users to compute seismic hazard and seismic risk of
earthquakes on a global scale. It runs on Linux, macOS and Windows, on laptops, workstations, standalone servers and
multi-node clusters. DOI: 10.13117/openquake.engine

J AGPL\ ZH i passing | oivon 36137 L ovp v3.10.1] wheel s

Current stable

Current stable version is the OpenQuake Engine 3.10 'Ulomov'. The documentation is available at

Hn'ps;:/hars - g 310 ngine. Transparent
Documentation (master tree) Ad aptable

e “ Maintained
¢ arss - Customisable

+ Architecture open source
P Scalable
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To many researchers and scientists contributing to the development of the regional and national models
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GEM'’s hazard team past and present members: Marco Pagani, Damiano Monelli, Graeme Weatherill, Valerio Poggi
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GEM'’s IT Team, present and past members: Daniele Vigano, Lars Butler, Muharem Hrnjadovic,
Anton Gritsey, John Tarter

Congratulation!
THANK YOU!
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GEM Secretariat, present and past members: John Schneider, Rui Pinho, Anselm Smolka, Helen
Crowley

SED-ETH Zurich : Domenico Giardini, Stefan Wiemer, Florian Haslinger
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