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Seismic tomography: Mapping the Earthôs structure and dynamics

Seismograms: traveltimes & amplitudes

Earth models for seismic 

(compressional/shear) velocities

Left to right: Left to right: 
Solving the forward Solving the forward andand inverse inverse 

problemproblem
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The forward problem

Find ground displacementd0 upon assumed 
earthquake sourcecharacteristics sand background earth model m0:

F: (m0,s0)­ d0

Solution to the (linear) elastodynamic wave equation F

Simplified model:
- Normal-mode summation
- Reflectivity methods

Complex model:
- Finite-difference methods
- Discontinuous Galerkin methods
- Spectral-element methods

Peter, Boschi, Woodhouse (2009)
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The inverse problem

Find earth modelm upon recorded seismic data d, 
assumed initial modelm0 and source characteristics s0: 

G-1: (d,m0,s0,d0)­m

Inversion approaches: 
- linearization: di=Gij mj

- gradient techniques
- probabilistic methods

Nonlinear, overdetermined, non-unique, ill-posed, unverifiable

Calculation of D όҜŘ κҜƳύΥ
- Geometrical ray theory

- Wave-based Fréchet derivatives
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The inverse problem
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The Mediterranean basin as a natural laboratory

The Pl

RESIF

The Pl

ITALIAN BB NETWORK

PYROPE

The Pl

IBER-ARRAY

Faccenna and Becker 

(2010)
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143 earthquakes
6,864 simulations
168 cores per simulation
45 minutes of wall-clock time per simulation
864,864 core hours

Adjoint tomography: Southern California
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Global spectral-element method

- highly efficient, explicit (Gordon Bell prize ´03)
- solves all relevant physics at the global scale
- open-source (geodynamics.org)
- typical global simulation: 10 hours on 

400 cores

Local discontinuous Galerkin method

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

not open-access yet

Adjoint tomography

- 3 simulations per earthquake & iteration
- cost independent of # seismometers
- 16 iterations needed in Southern California
- No Hessian preconditioning available

Computational tasks
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Forward Problem in 3D Seismic Imaging 

Second-order Wave Equation:

DiscontinuousGalerkinMethods (M. Grote, A. Schneebeli, D.Schötzau, 2007) 

Å Flexibility in mesh-design (tetrahedralelements)

Å easily handles varying polynomial degree (hp-adaptivity)

Å (Block-)Diagonal mass matrix & local time stepping Ҧ truly explicit&parallel

Å GPU Code HEDGE(A. Klöckner, JCP2009)
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Discontinuous Galerkin (DG) method

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

hcoarse=0.0125,    hfine=7.62.10-5 = hcoarse/170
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