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National Seismic
Hazard Map e s

Influences over $1 trillion in construction.

It's a ground motion map, so accuracy depends on
our ability to predict strong ground motion.



Ground Motion Prediction for California Earthquakes
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NGA-West2 Database

@ Criginal PEER Database {1997) || @) NGA-West1 added data (2003)

@ NGA-West2 added data (2012)
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Stable Continental Regions
(CEUS, Eastern Canada, Gazli)
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In addition to the national maps,
critical facilities depend on data
that we don’t have.

This is untenable.

We need to collect orders of magnitude
more strong ground motion data.



Epistemic Uncertainty

Can be reduced through
improved knowledge
and understanding (e.g.
better crustal models).

Alleatory Variability

Inherent randomness -
irreducible, but can be
characterized.

(e.g., variability of
earthquake stress drop)




Predicting Strong Ground Motion
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Hazard in Cascadia
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Little earthquake data, ...
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but lots of tremor
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Tremor in Cascadia

August 2010 ETS Event
14157 total events

August 2011 ETS Event
12122 total events
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Distribution of Decay Parameter for PGA
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Negative values indicate increase
of amplitude with distance!

Laplace Distribution
15,113 measurements
We find: C2 = 0.00647

AB1997: C2 = 0.00645

Baltay and Beroza (2013)



2004 Chuetsu Earthquake:
Stronger Shaking than Expected in Tokyo
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Kanto Basin, Japan: Tokyo

Metropolitan Seismic Observatory
Network (MeSO-net)
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~290 shallow-boreholes 3-channel
accelerometers in the basin
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Ambient-Field Green’s Functions
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PGV [cm/s]

Strongly Directional Basin Excitation
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TeraShake Simulation (M7.8)
Olsen et al. (2006)

Validation Using the Virtual Earthquake ; ‘;.l"' i*‘ f‘ TN
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Tokyo

Metropolitan Seismic Observatory
Network (MeSO-net)
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~290 shalldW-borehoIeS 3-channel
accelerometers in the basin

Los Angeles

Southern California Seismic

Network (SCSN)
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~40 3-channel broadband
seismometers in the basin



Ambient-Field GFs Confirm Waveguide-to-Basin Effect
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Details of Amplification are Different

Caveat: both methods assume linearity

Denolle et al. (2014a)



Expected seismic shaking in Los Angeles reduced by
San Andreas fault zone plasticity

D. Rotenl, K.B. Olsen2, S.M. Day2, Y. Cui® and D. Fih'

”By simulating the ShakeOut earthquake scenario (based on a

kinematic source description) for a medium governed by Drucker-

Prager plasticity, we show that nonlinear material behavior could

reduce the earlier predictions of large long-period ground

motions in the Los Angeles basin by up to 70% as compared to

viscoelastic solutions.”

(no substitute for real observations)

[Roten et al., 2014]



Full 3D Waveform Tomography
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Full Waveform Inversion




CONCLUSIONS

Predicting strong ground motion is
important.

We can do useful things with weak motion
data, but important effects (nonlinearity)
are not represented.

We need to be aggressive about collecting
much more strong motion data.




