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What is strong ground shaking?

Shaking close to epicenter
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What is strong ground shaking?

Shaking close to epicenter

with amplitudes capable to cause structural damage
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What is strong ground shaking?

Shaking close to epicenter
with amplitudes capable to cause structural damage

— This is of engineering concern!

Trigger for more disasters (e.g. landslides)

— Multihazard




The Goal:

Modeling ground-shaking with
data-driven methods to reduce expert elicitation
and to tackle the increase of data with automation



Motivation

Accumulation of data with

time

increasing rate of data

accumulation
limit of manual processing

— Automation
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Waveform
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Multihazard

(landslides)
Waveform with other IMs
Processing Ground- (e.g. Energy)
motion
Event model
parameters Incorporation
v »  of data
Earthquake Expert ¢ Data-driven weighting

classification Discrete « Continuous
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| addressed these questions by a common method
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The likelihood

Number of

Likelihood

Observations
Observation

lﬂ . EI: jlli- Parametert(s)

Statistical model:

Obijective: dln [ probability
Maximize the Likelihood — () distribution

do
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Baseline _
, 3/ Manual & Automatic Multihazard
correction ,
i (landslides)
R
Waveform with other IMs
Processing Ground- (e.g. Energy)
motion
Event =
parameters Incorporation

of data

Earthquake Expert © Data-driven weighting
classification Discrete & Continuous )




Angular Clusterization with
Expectation-Maximization

0
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Angular representation

Fault plane

No{th
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Rake (degree)

The classical classification

Mechanism Based on Rake Angle
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Expectation-Maximization

Mixture of probability
distributions

Parameterization of
models of latent

variables

22



Latent Variables in ACE:

Style-of-Faulting @ G
Reverse

Normal \ /
Strike-Slip

Tectonic setting

Interface

Intraslab
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Obijective

Identify clusters of same
SoF / tectonic setting

Model: joint probability

Bivariate wrapped
normal distribution

Beta distribution
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discrete
VS

continuous

3.Chocose your noodles:
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ed noodle
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egg noodles

1 h n v:brant flavor

4 .Choose your burn:
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B 2

cf
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Example

U CHZ)
Kyushu (Japan)
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quellr.le Manual & Automatic Multihazard
correction '
(landslides)

with other IMs

Waveform
Processing Ground- (e.g. Energy)
motion
Event i
parameters Incorporation
L »  of data
Earthquake Expert ¢ Data-driven weighting

classification Discrete « Continuous
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Integrated

ombined
Baseline
Modification )




Why correcting?

Spurious discontinuities in
accelerograms

Causes:
ilt, station movement

Instrument noise

Effects:

dri
dis

ftin velocity &

nlacement traces

bias in seismic energy,

high period response
specira, PGV / PGD

35



Obijective

Iden’rifg numoer, %
amplitudes and times & :
of jumps - On
use integrated traces g ime L
(velocity) B
’ v(t) =of)-Faat + )y  agl(E—TIH(E — T))
]=2
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Conditions

Simultaneous jumps on
up to all three instrument

components

— reduction of free
parameters
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Conditions

Avoid spectral
contamination

Jump segments
related to corner
frequency / signal
duration
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Conditions

Example:

Synthetic spectrum
(after Boore 2003)

Spectral velocity amplitude (m)

10-6

= \Vithout baseline jumps (ground truth)
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Conditions

Example:

add baseline jumps
(on acceleration)

Spectral velocity amplitude (m)

106 L.

== \vithout baseline jumps (ground truth)
— pefore baseline jump removal
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Conditions

Example:

invert for baseline
jumps and remove
them

Spectral velocity amplitude (m)

10-6

== \vithout baseline jumps (ground truth)

= before baseline jump removal
- gfter baseline jJump removal
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Conditions

Example:

actual baseline jump

specirum versus ..

Spectral velocity amplitude (m)

10-6

without baseline jumps (ground truth)

before baseline jump removal
after baseline jump removal
baseline jumps (DFT)
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Conditions

Example:

.. analytic form
(which has been
actually removed)

Spectral velocity amplitude (m)

10-6

without baseline jumps (ground truth)

before baseline jump removal
after baseline jump removal
baseline jumps (DFT)
baseline jumps (analytic)
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Number of segments
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Example

Estimation of static
displacement

double integration of
acceleration after

Wang et al., 2012
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Example
1.0 |

Estimation of static

: 05 |
displacement |

double integration of  E g |
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Wang et al., 2012 05 |
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Example
1.0 |

Estimation of static

: 05 |
displacement |

double integration of  E g |

acceleration after |
Wang et al., 2012 U with [CBM
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Exomple
1.0

Estimation of static L|D AR

05 f-m--oi-m-meeeede O C aE s LR !

displacement InSAR

double integration of  E g |

acceleration after |
W(]ng e'l' OI., 20]2 s _ W”_h |CBM
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Baseline

3/ Manual & Automatic

correction
* |
Waveform
Processing Ground-
motion
Event model
parameters

Earthquake Expert € Data-driven
classification Discrete & Continuous

_>

Multihazard
(landslides)
with other IMs
(e.g. Energy)

Incorporation
of data
weighting
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Mixed ettect regression

Widely used model y =Ap+Bq+e¢

consists of two parts:

"*"-—‘L‘__’. o Event |

fixed effects model

PGA [m s™2]

01




Mixed eftect regression

Different approaches to
handle random effects

some hybrid models
inconsistent with theory

possibly biased results

harder to reproduce
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likelihood

How to incorporate data  Solution;

—20

classification, e.g. SoF?

Discrete: In L - il0)
easy — leave out
Continuous:

In L, p(x;|0)

treat as measurement error?

-35°

— bias in variance estimates

52




One form to fit them all

Standardized approach:
implementation of any Example:
function type y =aMw + brrup — (¢ + dMw) In 7y

— meta-model

Z if z<125km
125  otherwise

ws(qs(Myy —6.5) + 55 + 54 1n Trup)

+ zInvsag from Héandel

53
et al. (2015)



One form to combine them

clear work frame for any

p— (ATMS 'MA)  ATMS 'My
and
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One form to bring them all...

... and in the C — 21

covariance bind them Within-event covariance
B = (Bl B, --- BK)

random effects matrix

(betwedd &vents, =
S =0C + BDBT D b:e’r erQi’resT@Ic.)' -0

random effects covariance ' .
: 0 0 T KI
factor matrix
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Random etffects splitting

Correlation coefficient
-1.0  -0.5 0.0 0.5 1.0

variable residual splitting ET
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Model for Chile

Strong-motion flatfile
(Bastias & Montalva,

2016)

Focal mechanisms for
ACE from Global CMT

10° |

PGA [ms7?]
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10 E

25 50 100 200



Model for Chile

Functional form:

y =aMywy + brpyp — (¢ + dMw ) Inryy, N
{z if 2 <125km :
+ e 5

125 otherwise

w@(qz(MW — 63)2 -+ S@)
ws(Qs(MW - 6'5)2 + 85 + S 1n 7arup)

+ x In VS30

10° -

10°

Mw =90

25

50

100 200 58
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Model for Chile

Similar performance in
fixed effects and --. ”

10" b

PGA [ms7?]

10° -
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Model for Chile

... random effect

varionces

Standard deviation

0.7

Within event
Between events
0.6 I Between sites —
' ~ - Between paths
0.5 7 e
LKA ¢
0.4 - N NA
0.3 -
0.2 F
0. 1 e /EQ\\ Py )
AN T e
\w// RPN
O | R | | L
PGA 0.01 0.1 1 10
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Conclusion & Outlook

Event classification

apply globally
combination with seismicity models (e.g. Bayona et al., 2019)

use in stress tensor inversion (von Specht et al., 2018)

time dependent parameters
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Conclusion & Outlook

Baseline correction

implement in standard processing for strong motion flat
files (e.g. NGAwest)

preprocessing step for radiated seismic energy estimation
(e.g. von Specht et al., 2019)
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Conclusion & Outlook

Ground motion model

development of purely data-driven ground motion models
(from database to final model)

random effect terms as function of magnitude, distance etc.

hazard cascade specific models (seismically triggered
landslides)
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All models are wrong -
some are useful

Fault slip oriented in

maximum resolved shear

stress

(Wallace-Bott hypothesis)

— |arge deviation possible

but less likely




Thrust but not interface:

splay faults in

(0as) awi Aem-g

accretionary prism dip

e

P Mene lay faul
.\.sv-r'\isg:‘ig‘a'yrg{'

. "
T

steeper than subduction
interface

— |ess seismicity

67



130°15 130°30 130°45' 131°00' 131°15 1317300
|

33°15
33°00°
32745 B
A K-Net station
3 A KiK-Net station (surface) 1500 )
A\ Municipal station 00 =
A Mountain Peak =
Y Epicentre (mainshock) 500 %
¢ Epicentre (triggered event) 0 2
O Landslide-affected area =
O Rupture plane 4
32°30 | © Asperity 3 E
Landslides (area [m?]) f ;‘;
© Q O 0
1000 10000 50 000 100 000
SN Nk K

625000 650000 675000 700000 725000
Easting [m]

3675000

3650000
Northing [m]

3625000

3600000



725000

R T

700000
e

3675000

Non-alkali volcanic Sedimentary
Mafic Felsic Pyroclastic — Terrace (non-)marine
Holocene HVm HSm
Pleistocene (late)  [ENEN BENE Q:Vp QsSt

Pleistocene (middle) [QaVml Q:Vp

Pleistocene (early) QpVm

Pliocene N3Vm
‘Water 6 Deciduous broadleaf forest (DBF)
B Urban @ Deciduous needleleaf forest (DNF)
Bl Ricepaddy 8 Evergreen broadleaf forest (EBF)
4 Crop B Evergreen needleleaf forest (ENF)
5 Grass W@ Bare land




(@t

10(]
E
oy
‘8
=
510"
=
=
3
ja¥
v
102
1073 L L L
0.01 0.1 1 10 100
Frequency [Hz|
0.01 0.1 1 10 100
(b)l() R Slquared specltral velocityl‘ 11200
Squared spectral acceleration
8L - 1000
£, 4800
v (G
=
2 4600
=
g4r
< 4400
2r 1200
0 ' . 0

Amplitude [m2 33]



102 10" 10 100 102 ! 3 102 10" 10° 100 10?

2 2 2
Landslide concentration [ e in concentration | - Landslide concentration [%

71



Northing [m]

3625000 3650000 3675000

3600000

10 « 10° w
10° g 10° g
10 2 10 3
17 17
10 2 10 2
o o]
= B =
\ | [ | [ [ \ [ |
625000 650000 675000 700000 725000 625000 650000 675000 700000 725000

Easting [m]

Easting [m]

3675000

3650000

3625000

3600000

Northing [m]



000S/9¢

I
00op<oe 000C7T0¢ 000009

[w] SunpioN

725000

700000

675000
Easting [m]

650000

625000



Data Data
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Dependent Variable y

Predictor Variable x
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