Crash Course in Probabilistic
Seismic Hazard Analysis (PSHA)
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Source characterization
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The elements of PSHA
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The elements of PSHA Y
Relation to the hazard integral

Source characterization Source characterization (activitivity) Ground Motion Modeling
(geometrically)
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From point sources to extended sources ﬁ
1 1]
Rupture propagation

e mechanism

e directivity effects

e hanging wall effects
e buried source effects
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Influence of focal mechanism > iy
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Figure 4. Simplified three-branch estimates for Fp.qg and Fy.gg.
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Influence of rupture directivity
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rupture
propagation

Influence of rupture directivity
Bilateral rupture
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Influence of rupture directivity :
Examples e
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Hanging wall effect

larger ground motion
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Buried source effect -z B
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From point sources to extended sources
Effect on hazard integral kernel

1

a
|
v

e mechanism
e directivity effects
e hanging wall effects

e buried source effects
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From point sources to extended sources
Extended source distance metric

Which distance?
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From point sources to extended sources s
i H -2 [
Extended source distance metric Frin
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From point sources to extended sources
Each source becomes a plane
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From point sources to extended sources . @A@
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Disaggregation becomes more interesting Frin

Hazard curve
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to 1.5 m/s?

color coding according to €
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From point sources to extended sources ﬁ
]
From areal sources to faults B

Areal source with extended
individual rupture planes

courtesy K. G. Hinzen
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The elements of PSHA @ﬁ@
Including faults

Source characterization A Source characterization 5 Ground Motion Modeling
(geometrically) S
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The elements of PSHA L
Including faults

Source characterization __ A Source characterization 5 Ground Motion Modeling
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Geometrical characterization of areal sources

Spatial distribution of epicenters

Source characterization
(geometrically)
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Usual assumption:
spatial uniformity of epicenters

Spatially uniform?
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Geometrical characterization of areal sources
Spatial distribution of epicenters g
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Temporal source models in PSHA 2y
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Earthquakes are complex sources > iy
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Near source ground motion . oy
can be highly variable e,
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Observed near source ground motion
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e stress drop heterogenities
e rupture propagation heterogenities

e focusing/defocusing

e site effects
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Site effects
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Single layer over
halfspace




The influence of sediments - s
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Lower Rhine Embayment 7, 8
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Ratio of soft soil to rock ground motion amplitudes
- —_ — — %] \*] A%}
T R - S - N U SR U

o
o)

Site effects in GMPEs
Stiff soil versus rock
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Site effects in GMPEs ﬁ
Soft soil versus rock o
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Some open problems
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Other issues

Ground motion
* Near source variability
* Upper bound
* Model generation (bias/variance tradeoff)
* Predictor variable uncertainties

Source
 Maximum magnitude
* Time dependence
e Spatial distribution

Site effects
e proxy (vs30)
o 2D/3D effects
* kappa

35
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For the real world problems, the
models become more complicated,
but don’t require change of concept

But which models should we use?
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All models are wrong but some are useful
- G. E. P. Box
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Institute of Earth and Environmental Science

Types of uncertainties .

Epistemic: lack of ,,knowledge* —> Logic Tree

Can be reduced through increased ,knowledge*

Aleatory: intrinsic randomness ==> Hazard integral

Cannot be reduced since it describes natural variabilit

mmmmm

nSOurCeS M R [}
vSa>a)= 3 NMu) | | [
i=1 M R_. o

min ““min
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Institute of Earth and Environmental Science

The logic tree framework _:\?} ﬁ!

Model 1 weight 1
Model 2 weight 2
Model N -1 weight N -1
Model N weight N

Each model is assigned a branch weight which expresses the
degree-of-belief of the analyst in the particular model



Institute of Earth and Environmental Science

The role of branch weights Xt ,ﬁ‘!

e |n the logic tree framework, epistemic uncertainty is represented by
discrete probability distributions

e The branch weights take the role of (conditional) subjective
probabilities of models

e As a consequence, the models together with the branch
weights have to meet the rules of probability calculus

(Kolomogorov's axioms)
\ “=‘7/ 2

mutually exclusive

Details: Bommer, J. J., and F. Scherbaum (2008). The use and misuse of logic-trees in PSHA, Earthquake Spectra, 24(4),997-1009 .



Epistemic uncertainties and logic trees

Exponential
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How to quantify subjective probabilities?

DeFinettiGame.cdf
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From a single hazard curve to a ﬁ
I I - .z [ilm
distribution of hazard curves P
without epistemic incorporating epistemic
uncertainty 8 uncertainty

What level of seismic
safety is required?
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Level of confidence that
safety level is met
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Details: Bommer, J. J. , and F. Scherbaum (2008). The use and misuse of logic-trees in PSHA, Earthquake Spectra, 24(4),997-1009 .
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Wrapping up

Seismic hazard 1s ground-motion hazard, not earthquake hazard

In the context of PSHA, ground motion 1s treated as random
variable

The seismic hazard curve 1s only one way to represent the
distribution function of ground motion

The reciprocal of the exceedance rate of a particular ground
motion level 1s called return period

Ground motion corresponding to large return periods can either
be caused by typical ground motion from rare events or by
untypical ground motion from frequent events.
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Some rules of thumb for simple situations -z B
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 Hazard at large return periods

* Variability of ground motion distribution (sigma of Log-normal PDF of
ground motion) has large effect.

« Often dominated by sources close to the site of interest and extremely

sensitive with respect to the ground motion model (in particular its
variability).

 Hazard at short return periods

* The occurrence rate of earthquakes becomes more important

* Seismic hazard driven by sources from the whole seismic region and
rather insensitive to the ground-motion model.

 The influence of maximum and minimum magnitudes are
comparatively moderate in PSHA.
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