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Seismic tomography: Mapping the Earth

Seismicity and seismometers

Earth models for seismic
(compressional/shear) velocities
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The forward problem

Find grounddisplacementd, upon assumed
earthquake sourcecharacteristicss and background earth modem,:

Fr(mys)- do

mmmmP>  5ution to the (linear) elastodynamic wave equation F

Simplified model:
- Normatmode summation
- Reflectivity methods

Complex model:

- Finite-difference methods

- Discontinuous Galerkin methods
- Spectralelement methods

Peter, Boschi, Woodhouse (2009)
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The inverse problem

Findearth modelm upon recordedseismic datad,
assumed initial modem, and source characteristics,.

Gt (d,my,5,dp)- M
mmmm> N onlinear, overdetermined, nofinique, ilkposed, unverifiable

CalculatonoD O KR KKYO0OY
- Geometrical ray theory = | g
- Wavebased Fréchet derivatives /Pj‘“”

NEP

G;

0.00015

Q0T =

Se-0a1

Inversion approaches:
- linearization:d=G; m,
- gradient techniques
- probabilistic methods
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The inverse problem
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The Mediterranean basin as a natural laboratory
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Adjoint tomography: Southern California

143 earthquakes

6,864 simulations
168 cores per simulation ks
45 minutes of walclock time per simulation
864,864 core hours \
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Computational tasks

Global spectralelement method e

*

- highly efficient, explicit (Gordon Bell pri&S3)

- solves all relevant physics at the global scale

- opensource (geodynamics.org)

- typical global simulation: 10 hours on
400 cores

150,256

Local discontinuous Galerkin method

Previous Ea

- highly flexible (tetrahedral elements)
- solves all relevant physics at the global scalé¢
- computationally expensive,

Number of cores (1.8 GB fcore)

& 3.00 4 50 2.0 1.50
nOt Open'access yet Resolution seismic period lengthis)
. . NERSC Franklin NICS Kraken  ORNL Jaguar TACC Ranger
Adjoint tomography 3.0s 2525 194 s 184 s
12,696 cores 17,496 cores 29,400 cores 32,888 cores

- 3 simulations per earthquake & iteration 16 TFLORS 224TFLOPS  357TFLOPS ~ 28.7 TFLOPS
- cost independent of # seismometers

- 16 iterations needed in Southern California

- No Hessian preconditioning available
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Forward Problem in 3D Seismic Imaging

Secondorder Wave Equation:

ot
W;L —V .@u): f in ) X [OT]

@Vu-n:() on I'x[0,7],

u=0 at t=0,

u=20 at t =0,

DiscontinuousGalerkinMethods (M. Grote, ASchneebe]iD.Sch6tzau2007)

A Flexibility in meskdesign tetrahedralelementg
A easily handles varying polynomial degree-ggaptivity)
A (Block)Diagonal mass matrix & local time steppifgruly explicit&parallel

A GPU CodelEDGEA. KlécknerJCR2009)

=
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Discontinuous Galerkin (DG) method

Numerical Experiments in 2D (4th order in time, M. Grote, D. Schoétzau, 2009)

heoarse=(0, 0125 Hne=7.62.10 = kroarse/170
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