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EREZRESER LFITTCERL, HAIF2003FICYHBHAZTEDRA—/—OA v E21—9Tho7 MHERY
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Over the past two decades, development of dense and continuous geodetic networks makes it possible to
capture transient crustal deformation at high resolution in both space and time. A primary example of
geodetically observed transient deformation in plate boundary zones is postseismic deformation following
large earthquakes. Postseismic deformation observed at the surface reflects mechanical properties of
faults, crust, and upper mantle. Thus mechanical models that are designed to fit the observed postseismic
deformation may provide insights into these mechanical properties at depth.

Two primary processes that are responsible for postseismic deformation are viscoelastic relaxation of
coseismic stress changes in the upper mantle and afterslip on the plate interface surrounding the
coseismic rupture. Viscoelastic relaxation is governed by the rheological properties of the crust and upper
mantle, while afterslip is governed by frictional properties of the plate interface. Both of the processes are
initiated by stress changes due to coseismic slip. Therefore, geodetic observations of postseismic
deformation could be used to constrain the frictional properties on the plate interface and upper mantle
rheology.

In this talk, we present a three-dimensional coupled model of stress-driven frictional afterslip and
viscoelastic stress relaxation for postseismic deformation following the 2011 Mw9.0 Tohoku-oki
earthquake. In this model, we assume that afterslip is governed by a velocity-strengthening friction law
that is characterized with a friction parameter (a-b) 0. Viscoelastic relaxation of the upper mantle is
modeled with a biviscous Burgers rheology that is characterized with the steady-state and transient
viscosities. We calculate the evolution of afterslip and viscoelastic relaxation using an assumed coseismic
slip model as the initial condition.

We examine the effects of the friction parameters, mantle viscosities, elastic thickness of the slab and
upper plate, and coseismic slip distribution on the model prediction and find that these parameters
significantly affect the predicted surface postseismic displacements. Postseismic deformation following
the 2011 Tohoku-oki earthquake has been captured by both on-land GNSS and seafloor GPS/Acoustic
networks. We thus explore the range of the model parameters that can fit the postseismic observations. At
this moment, we employ a trial-and-error approach to estimate the parameters. However, given the
complexity of the model and the abundance of the observations, it is difficult to completely characterize
uncertainties and trade-offs between the parameters by the trial-and-error approach, although such
information is critically important for better understanding of the postseismic processes. A more complete
model that fully accounts for uncertainties and trade-offs between the parameters could be obtained by
building posterior probability distributions of the parameters using Bayesian inverse methods. Such
Bayesian methods, however, require many forward calculations and thus it would not be easy to
implement those methods with our model within a realistic computation time. It is therefore essential to
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reduce the computational costs of the forward model simulations and Green’ s functions calculations, as
well as to develop more efficient Bayesian methods to estimate posterior probability distributions, in order
to develop more advanced models of geodetically observed postseismic deformation.
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The earthquake rupture processes of earthquakes are diverse reflecting the heterogeneous distribution of
fault constitutive properties and stress, and fault geometry. Kinematic source parameters constrained by
data provide the information related to the fault rupture dynamics and statistical properties of rupture
processes. It is also used as an input for the calculation of Coulomb stress changes, the calculation of
tsunami waveforms and the estimation of slip deficit.

A source inversion analysis using spatio-temporal displacement field data is able to be formulated as a
discrete linear inverse problem when the Green function and the source fault are known. However, it is
difficult to calculate an accurate Green function due to the lack of the accurate Earth structure model.
Effects of the uncertainty of the Green function on the result of an inverse analysis increases with the
improvement of the quality and the increase of the amount of data. Some of previous studies
approximated the effects of the uncertainty of the Green function by introducing a new correlated and/or
uncorrelated error term, which is added to data. The approximation, however, fails to capture important
characteristics of the effects of the uncertainty of the Green function such as peak shift and heavy tails of
the likelihood function under the uncertainty of the Green function.

To address the issue, we propose a hierarchical Bayes model for a seismic source inversion analysis. The
model is targeted to the multi-data analysis with the multi-time-window finite fault source
parameterization. We assume Gaussian observation errors and a Gaussian prior distribution for model
parameters. In the model, a Green function is treated as a realization of a random variable G. We
approximate the posterior distribution of the model parameters by approximately marginalizing G and the
hyperparameters, which control the variance of the prior distribution of the model parameters and the
variance of the observation errors. The marginalization of the hyperparameters is approximated by
plugging in the maximum a posteriori hyperparameters given G. The marginal likelihood function for Gis
approximated by the Laplace approximation to the conditional posterior distribution of the
hyperparameters given G. The marginalization of G is approximated by a Monte-Carlo integration method.
The precisions of the two approximations are able to be improved by increasing the amount of data and
number of samples of G.

We applied the method to synthetic data for far-field vertical P-wave displacement waveforms. We set a
1-D velocity structure consisting of two layers at the source region. We set the P-wave velocity, the S-wave
velocity and the density of each layer to follow uniform distributions. We also set the depth of the
interface of the layers to follow a uniform distribution. We made the true velocity structure by randomly
sampling the 25th percentile point or the 75th percentile point for each random variable. We drew
thousands of velocity structure samples from the probability density function (PDF), and then calculated
the corresponding Green functions. For reference, we also conducted a conventional inversion, which
used only a reference velocity structure (50th percentile point of the PDF of the velocity structure). We
found that the conventional inversion result suffers artifacts especially at the later shallow part of the
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rupture process, while the result with the proposed method does not suffer from the artifact. Note that the
mitigation of the artifact was not possible with the simple mean-of-the-posterior-mean approach. We also
found increase of the Variance of the posterior distribution of the potency due to the marginalization of G.

The method could be a reasonable counterpart for the recent increase of Bayesian approaches with
Monte-Carlo methods to study velocity structures.
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long-period ground motions via 3D finite-difference simulation: A case
study for the Kanto sedimentary basin
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IEZC®IC

FAFRHERZ T CIXABRM U EORBEEMEEIERICERNIN, ZOSHEARIZEAMROEREREE
CEARM’HBZENERHINTWS (BIZIE, Yoshimoto and Takemura, 2014b) . & Y AT A S
%, BHALMEABRBEORECERANMICLZ2REAPHEHNOMEORE SICERE (BERAMKEN) IR
N3 ZEPRRZADOMIE TORAHMEESOEHAMORABEARENREINTWS (BIZIE, &
R-EmE, 2012; #8811 - s, 2016SS)) . LHALAEDNS, cO&SARARMES ORI & FKZEDREFRIC
DWTOEMBIINT LHETDICITEATULRL,

Z I TAMRETIE, BAFHEERMICH T2 REBMEBORME & FKEORBEOIBELZBNE LT, it
LA-HEE-hEERROMEREERBSESETINAFEALT, HBEBOMEREEBE L EEROERIR
A EEDIRIE: SBAMBICE A Z2HEICOVWTHLCHARE, i, KRELEMEFHIaL—Ya Y
EREEL, BEOEREBERNOhEREERBETTIOBEREEAOHNCTIEEEIC, SHEDOWRDIERE
ICDWTHRET L =.

RAMHBR#H > IaL—VaYy

EROFREMEICL Z2REAPMEFOREZBR L3R TEDEMEE I 2L —2a Vv EEREL
. BTRRETI2RABMESOREZ4MULE L, HEBEE-HEERRIEELEREZ ST 150x60x72
km* DA ST ENRE LT, ZORBEE0.15 kmREIRTHEIE L. HEBOMEREEEEETIVIC
&, PEBERIFICH 1T BVSPHRAIKESR (Yoshimoto and Takemura, 2014a) #&EICLZ#EETIL (YET
V), FEETIL (CETI) , EWMETIL (IETL) 2FEALAL. HEEBOBRIE, BHEOLD, KELR
K CRE3.5km) & ZD—EAREY LA >R (3TEH) #IRE L. HEEBLURITIVSM (Koketsu
etal, 2012) #EBELAKERB#EEE L. BRICKEK, BIhfER S SiERORERET IV A2HE

L, ZhEhlovell &RayleighlRDEEiRE Lz, HEE> Ial—>aviE, MIELTD—IRT— 3V
(2 Intel Xeon E5-2640V3, 16 cores) TiT>7=.

REAPHEH I L—>avOoRR

(1) Love3R & Rayleighii 4

BINMBROERETINERBVWLHEEG Y I 2L —Y 3 vy TREBEDLoveRT oy RO—THELNEZD
ICH LT, HHEROERET IV EAWVWEBESICIEOEMEDE VL RayleighE Ty RO—THARESN. Zhid
Lovel TIFEARE— RAEBTZDICH L T, Rayleigh R TIIERE—REITTIRAKERE-—REFRET S
12O TH D EMIRINT=. RayleighlEDKESN S & L THHRD DR AMEREIRIE (PGV) ZLHE& L&
%, KEFRDDADNAZRPGVAERITIERAILE SN, ZOREHIE, SRE—RORBIrBEICRIBLL
HERRRINS.

©2017. Japan Geoscience Union. All Right Reserved. -STT61-PO1 -



STT61-PO1 JpGU-AGU Joint Meeting 2017

(2)HhEEB I & PGV

MEEBORY ENYDARERETIVIEERELPGVAERTIEANRE SN, ZOEBI, HEBEZHTH
BINALEBENERIOLoveRIC L DAIryIBDRILICK > TRETZIHEDEBIRI N, ZOFERIZ, BERHE
BRERHMOILHS LA CHAINZEEB YOI O RO—T4%2 1 > AXIRIEORERMES) A, HERMhIEIR
TDLovelFDIBWHIERICK > TBIERI SN2 EFEHAT 3.

(3) RAHMESH O BATH AR IEIR

—EREDOHEBEEMNS LV EREDHBEICKREENMEEI 22 &IC&Y, REAPMEEOIRIENIEIET 2
ZEDEREINE. FIZIE, YETIUADNSCETIVICLoveRNMGIET BI58ICIK, 7—UIZARIMLDI B
RS ETRRY MUIRIEAIEIEL, $FICEHI10MWEE CREZADOMIB CHRAI N L SRR ERIE
AR SN,

LROBEFH I 2L —Y a3 Y TREINA-RERPMEEORFHIL, JIVSMPSBVSM (1A - i, 2016
SS)) ARV KIREAEMEEG Y IaL—YaVICBWTEREBELTESNS. LHALALS, IThoDit
EEEEBEETIVICIE, SEEFOBRMEICS VW TRTERECEARTE ARG E Oy THEDRIA T
INTWS., SEDOIIETIE, AEELRMEFH > Ia L —YavICk 2R (AL, Iwaki and lwata,
2011) #EAXKELANSE, KARDELI RT3 T7—REFY VJICL Z2RERDARE & EEORBIREDE
B, ISIC/NREMEEY I 2L —2aVICRAMAREBEETIIVERY ANLERBTASICEY, REMIC
FARHEERMOMEREEBEET N ABELTINELNHIEDEEIONS.

F—U— N REHMES, FESHERM, HEERSE RER SXKRE S8EH8
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Quasi-static earthquake cycle simulation based on large-scale
viscoelastic finite element analyses
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WEHSI 7L Ial—Yaviy, BRSO CHEREBREEZFRAT HDICHRINTVSIEFD,
EREVFVAEHE L THERESFTRICKRITSAYE, hETZMNAEICBVWTHEELRZENHEEZIN
2. YIal—YavFERELT, HRBREEHHBEICHEEREECOI) —VERERBWCERERENGT 7
O—F&, MMBELDOREE - REKEERR #HAHEDE = HE(e.g. Hori 2009; Barbot et al. 2012) A% & < #f
wEIh, KH<AVWLNTWS., —7A, IRBEHFEICS VT, SRTHICEMEI DB AR ESEDHE
P, RUNMLLAOY—RENR ERELAYEI SDEENBEETERWVGELH D EEIONE. Inb
HEEBYTZHICIE, BREREREOHERFTFEZAVHBREEFE L RE - KBKEERAZEA4E
DIEYAINTYIaAL—YaVvFEEBETIIEHNEFZLY. ZOLI BT TO—FIIREXSFEIR bDRH
BCTREHLIE LD 12D, BEOR—NR—OVEa1—%ICBLEEEERERY IL/N\—FF(chimura et al.
2016) /R E CHERATREE Z A b . T I CAME Tldichimura et al. (2016) TR S N/-fhid M AR ERAR
MiIC & 2R EEEEF L%, BE - REKRFERAICEDVWAMEY S /L Ial—2 3 VICERT 5.

WMEHA LI alb—2avOXiEAERE, EEFARER, RE-REBKEEZERA, REEHORER
BRAIDA NSRS, 727ZL, REEISHELCDOHEICTANYBEBRROERHHOEEAVWTWEES %, AR
BEREICEIMEUEEFORIBGSZEICEEMZ 5. BEBESPZOMHDFERICDOVWTIET R THyodo
and Hori (2014) A LCHDEEWS.

WE, EAFEBEOARREBICHAEDT N FHLMEE%ERE L /2 REEM 75 =RcEE(Noda and Hori,
2014)Ic& Y, BARELEZI—ROBFEREE21T>TW5. RRYUBICIE, BUERO»EEELZY
Talb—Yavitdy, BEFERCBT2HBREOEBERY. FLAgETHNE, T bl FOd—0f)
ELTHBEMEERAZER LZBAOHEREBREOELICOVTEERT 3.

F—I—R MBI/ IalL—Yay, BRERE RE - REKGFERA, KREHES
Ial—rav
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Forward simulation of postseismic process after moderate and large
interplate earthquakes along the Nankai Trough
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ERDHEEN S EmE S 7T, HWEBICS T 2MEFHIMEAT, BERLALER, M8V I XADEKXIM
BILE>TOABRNUICHEEINZ EEZONTW.LAL, 2016F4818HICEE NS 7HEDOEEERR
WTHD1944F0REBIMEERIAEDRERE#ICEVT M6V SADHENRELTWS. £, EDHR
BRICEDE, FAMEOLIDBEDBEARAANY NTIXHREICEITEE NS JHEOERENMERL T
WeZ ENTBINTHY, BEICSVWTEIEE NS THEOERENTM7 Y 5 ROMEWIZ IX1498FEHM
HE)EREL TW I &I S.
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ITHREFHOMBEDL D ICZDXFIINRT 53560 HNIE, RILMAXFFEHMEDOE (2011F3898)D
£IIC, TORICEIESHMVTERMEBICED I LB3HD. ZDLD ICH~KRREMEBERICSHRLEE IR Y
"Bo0IE, BEREOEAMEBEADTHEEICH L TH~KERBERORNIANYDEIWVEEGWHIELT 2
HTHB. 2FY, Me-7THEDHEABERMEORERRFEATHE LRICIE, 5lESHmVWTHIR - BET
BRASN 2R ESOHRB ZBIIRAD I EICEY, RUITRVDERNNY—VP, ZOREISHEVNTHEE
L23YF VA ZRVATIEDNTEDAREMEDNDH S.

REETIE, BEMNS7EHRIC, TNETICEBIN TV IBRA4RMEBEY I /LI alL—2 3 VERIC
XL, BAHETOM7IECETETOMOMEARARIM I VI TRESEEIEICEST, RIITRYD
ERBNY—VEEAMBEDUEEDEFRAE X TIXANS. RICRMWIRVDOERNY—VICE>T, BEH
REEIWTE D Vo LR EEHIHEINEIHNEEIEL, BEOHREEBHEUNSKMTAY OER/NS
—UHRBTEZOLDRETY, KYEBNY—VEBILY T TEDICHERBIE - BASREED
RETEEET 2. 48, KRMITRUISHFINZMBESHOTEICIE, EBERBEETIVLOAROT, &FF
MR E PR REZEEB LARERET VARV ERESHD 747 — Ko Ial—Ya vz
Agata et al.,2015, Ichimura et al., 2016) @ L THEMEL, &WIRENRFEGETHFEIN I HRETEHZ BE
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Challenge of Preparing for Careers in Big Data in Geosciences
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1. Mc Data, Wuhan, 2. Department of Physics, University of Louisiana at Lafayette, LA, 3. Department of Earth
Sciences, University of Minnesota, Minneapolis, MN , 4. Department of Computer Science, University of Colorado,
Boulder, CO, 5. Wuhan Huawei Technology Co., Ltd

In the aftermath of the 2008 financial crisis we have seen the steady encroachment of Big Data into every
facets of society, from finances to medical services. Students graduate lacking technological skills despite
needing them in the lab and on the field. We believe that putting a stronger emphasis on programming
and technology will prepare them for the demands of today’ s modern job market in the geosciences and
to use better measurement and analysis technology.

Our curriculum in educating students needs some changes, but universities move too slow. Therefore
training centers are sorely needed. For this reason, we have established Mc Data Consult Ltd., based now
in Wuhan, but poised to move anywhere.

Our aims are four fold:

(1) To establish training courses at both fundamental and advanced levels, which will be taught with
customized software embedded within a affordable data-analytic tool box built with (a) cheap processors
such as Raspberries Pi and (b) higher-end Nvidia TX1. Students can learn and perform exercises
according to their available time slots.

(2) To provide professional consulting for various Big Data challenges encountered in industries.

(3) To hold workshops and international conferences where we can mix people from various disciplines
and engage them in Big Data immersion.

(4) We also see the need to prepare suitable textbooks , focusing on high-performance computing,
visualization and data analytics. We maintain that Python holds the key for preparing the students in Big
Data analytics.

To be sure, the big data problem is not a new paradigm for geoscience. For instance, Peter Shearer
(1991) used a relatively simple 1-dimensional velocity model to stack thousands of long-period body
waves, revealing two upper mantle discontinuities, which was the first successful "big data" application:
the primary computing happens for data processing, not for artificial modeling. Thus, we believe that
geoscientists can be prepared to adapt to the big data era once they master the modern tools: they
should master an open programming language suitable for large data, such as Python, and know how to
harness parallel and distributed systems. They should learn sound software engineering skills, just as a
wet chemist needs to learn to wash glassware. They should learn to produce a reproducible work: all
analyses should be scripted and point-and-click tools should be avoided. They should have skills in data
visualization and should master the rudiments of nonparametric, computationally based statistical
inference, such as permutation tests.

Keywords: Big Data, Machine Learning, High Performance Computing, Python, Education
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