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Introduction

Conventional inverse problems are tackled with optimization approaches. With regularization, §
single “best” model is produced for the often under-determined inverse problem. In contrast, Bayesian
approach produces a posterior distribution of models through sampling, and it has its advantageg
over optimization that it explores the whole solution space, reveals uncertainties in the models, ang

Involves no regularization where trade-off is imposed between model-variance and misfit.

We apply Bayesian sampling to the inverse problem of finite fault models for the 2008.0 Pisco,

Peru earthquake. Tsunami waveforms were recorded in 5 open ocean tsunameters for this megathriist
earthquake. The inversion of tsunami waveforms Is expected to provide more constraint on the up-dip

slip distribution on the fault, in addition to previous study (Sladen et al, JGR, 2010)

Bayesian Approach to Inverse Problem

Inversion for Synthetic Models

Synthetic Fault Plane

2-D flat fault plane defined by the location of trench and hypocenter (Fig. 4)
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Bayesian Sampling =
A probabilistic approach that samples models in the solution Q @ Q—\.
space proportionally to how consistent the models are with Q @/\ O

data (likelihood), given certain prediction error, as well as with wQ\

our presumption (prior information), producing a distribution Q Q
of possible models (posterior) for the inverse problem. Q Q

Sampling Criteria: Bayes’ Theorem
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Fig. 1 Sampling procedures of CATMIP
(Cascading Adaptive Tempered Metropolis In
Parallel, Minson, 2010) during one cooling step
(See Sarah Minson'’s Poster for detail)

2007 M 8 Pisco, Peru Earthquake

Tsunami Model comcOT (Cornell Multi-gridded Coupled Tsunami Model) Model Resolution
(1) Seafloor deformation (Okada, 1985); (i1)) Shallow water wave propagation.

Length of Markov Chains

Kullback-Lelbler Information Divergence

Distances of the posterior distributions from a
uniform distribution, also a measure of
iInformation gain during the sampling process
(1 corresponds to perfect peak)

Tsunami waveforms constrain up-dip slip well, and
yet down-dip slip poorly, as Is clearly shown in the
posterior distributions of sampled models (Fig. 5 & 6)
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Fig. 2 Tectonic Setting

water displacement /m

o
R

o
o

o
Ul
o
S

o
3

o C
w

—-100 0 100 200 300 0 50 100 150 200 250 300
Time since the event /min Time since the event /min

I

-0
-0

o o
N SN
water displacement /m

©
=

2

Fig. 3 Locations of tsunameters and hypocenter (top); tsunami

waveforms before and after removal of tidal constituents
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Fig. 4 2D fault plane for synthetic data S
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Conclusions and Future work
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Conclusions: (1) Open ocean tsunami waveforms that are initiated by a megathrust earthquake can be uséd to

rapidly invert for the static slip on the fault. (2) By means of Bayesian sampling, we can obtain a posterior distribution

of finite fault models for the 2007 Mw 8 Pisco, Peru earthquake, providing us with a probabilistic descriptioh of

earthquake source characteristics. (3) By the measure of KLID, we can see the intrinsic model resolution for tqunami
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Fig. 9 Data and predicted waveforms from the mean values of the posterior

distribution for the 5 tsunameters. Arrival times of tsunami waveforms are also shown
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720 waveforms, which, contrary to INSAR data, constrains up-dip slip better than down-dip slip on the fault.

Future work: (1) Incorporation of real INSAR data; (2) Inversion for kinematic models; (3) further posterior analypis
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