The GSHAP legacy and lessons
from SHARE and EMME: learning
from regional and global PSHA

D. Giardini, L. Danciu, J. Woessner
and many many others

Lenzburg, 5.9.2017

PR S

EARTHQUAKE MODEL OF
THE MIDDLE EAST REGION

E'H Ziirich JV‘-



Conclusions

Regional scale PSHA projects are instrumental to

v

Improve best practice (multi-disciplinary data, epistemic uncertainties,
expert elicitation, engineering requirements ...)

Harmonize across areas of common seismic characteristics

Ensure the participation of the larger community, across disciplinary and
country boundaries

Provide a needed framework to improve the technical quality of national
and local models

Enable hypothesis testing
Identify areas of future work

Provide a cooperation framework across an entire region



Step I for PSHA: unified seismogenic source model

Where did earthquakes occur in the past?

Where can they occur in the future?

How big have they been?

How big can they be?
How often earthquakes recur?

Instrumental Catalogue
Historical Seismicity -, © L
Active Faults



Instrumental and historical seismic catalogues
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Earthquakes(Mw)
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fundtion of Moment Magnitude (M)

Stucchi etal., 2012 | Griinthal et al., 2012 | Giardini etal., 2013 | Zare et al., 2014

Homogeneous (Mw > 4.0)

¢ Early and modern

instrumental (~2006)




Geological database: section, segments and faults
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Area-source model:
Mmax logic tree

Maximum Historical Observed

0.50

Mmax 1 Maximum Historical Observed with 0.30

0.40

Maximum Historical Observed with 0.60

0.10




Area-source model: delineation of area-sources
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Seismic-area source based on the tectonic findings and their correlation to seismicity
Initially derived from seismicity patterns

Surface projection of identified active faults (capable of generating earthquakes)



Area source model

e 224 shallow
* 10 deep and inslab
* 6 interface




Area source model:
earthquake activity
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Area source model:

spatial distribution
of earthquake

activity



Fault model: slip rates on mapped active faults
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Fault model: removed earthquake
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Fault model: background smoothed seismicity outside buffer
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Fault model: b-values
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Fault model: subduction interface
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Fault model: Mmax on faults

Maximum Magnitude
6.40 - 6.50
= 6.50-7.00
== 7.00-7.50
= 17.50-8.00
—

8.00-8.33



Fault Source
Model

Four Source Layers

778 Active Faults

10 Deep Area-Sources

9 Interface Complex Faults

Background Seismicity

Subdguction Interface -




Source model logic tree

60%

40%
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Challenge: fault data and seismicity tell different stories

SEIFA model, Hiemer et al 2013
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Challenge: magnitude calibration
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Challenge: seismicity model without spatiotemporal clustering

2009 L'Aquila earthquake
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Challenge: declustering

ESHM13

* Entire catalog: more than 30000 events
* Declustered catalog: 13919 events
* Declustered and complete catalog: > 8600

active shallow seismicity

EMME14 . ” 1./ 685areasources |
] - 27% sources < 10events

* Entire catalog: more than 27174 events o - 41% sources < 50 events

* Declustered catalog: 10524 events e a0 . 19% sources < 50-100 events

* Declustered and complete catalog: > 7300 \,,\\ - - 13%sources > 100 events

Declustering method: Grunthal 1985 o -) }’I < Q \; +
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Challenge: reliable forecasting wvprioiii ——
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Challenge: small earthquakes
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Annual number of events
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Challenge: building logic trees
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assigned weights incorporates the completeness of data and information in time
for reference return period RP=475yrs, the contribution of the total hazard is dominated by the seismicity recurrence rates

(~80%) with contribution of active faults (~20%)

for long return periods (RP > 2475yrs ) the contribution of seismicity -based rates is reduced and the contribution of

activity rates form faults is increasing (40%)



Challenge: “validation” or “hypothesis testing”

10°

In regional programs we attempt to
,validate” seismicity models by
scoring different performance
measures, but

@ Cumulative FMD (1000-2007) |1
Weighted Model 1

FSBG-model

| = SEIFA

AS-Mode

 Circular argument: we only
validate if we succeeded to build
in correctly the a-priori
hypotheses

e No clue how to , validate” small
areas or areas of low seismicity
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EMME SEISMIC HAZARD MAP OF THE MIDDLE EAST
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Conclusions

Regional scale PSHA projects are instrumental to

v

Improve best practice (multi-disciplinary data, epistemic uncertainties,
expert elicitation, engineering requirements ...)

Harmonize across areas of common seismic characteristics

Ensure the participation of the larger community, across disciplinary and
country boundaries

Provide a needed framework to improve the technical quality of national
and local models

Enable hypothesis testing
Identify areas of future work

Provide a cooperation framework across an entire region



