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Wave representations

Membrane waves Resolution Mediterranean tomography
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Membrane waves

Membrane waves Resolution Mediterranean tomography

Equations of motion

with a Love wave ansatz

lead to a 2-D wave equation 
(Tanimoto 1990)
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Phase velocity maps

Rays Finite-frequency

D. Peter, C. Tape, L. Boschi, J.H. Woodhouse, GJI 2007

Membrane waves Resolution Mediterranean tomography
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Phase velocity maps

Rays Finite-frequency

D. Peter, C. Tape, L. Boschi, J.H. Woodhouse, GJI 2007

Rays Finite-frequency kernels
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Surface wave dispersion 

Membrane waves Resolution Mediterranean tomography

Finite-frequency

Ray
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Vs profiles (Southern Italy)

Membrane waves Resolution Mediterranean tomography
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Ray tomography
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Finite-frequency tomography

Membrane waves Resolution Mediterranean tomography
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Finite-frequency tomography

Membrane waves Resolution Mediterranean tomography

de Jonge et al. (1994)
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Finite-frequency tomography

Membrane waves Resolution Mediterranean tomography
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Conclusions

Membrane waves simplify numerical 
simulations of surface waves

Finite-frequency theory leads to higher 
image resolution

Adjoint methods accelerate the computation 
of numerical sensitivity kernels
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Outlook

  Sensitivity kernels
Wavelet compression

 Membrane modeling
Mesh optimization

 Adjoint methods
3-D sensitivity kernels
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2-D wave equation 

Ta
pe

 (2
00

3)

solved by a finite-differences approximation (Heikes & Randall 1994) 

Mesh optimization
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Mesh optimization

cell distortion by 
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Wavelet compression

#coefficients
~10’000 ~4’000

~1’000 ~500

wavelet 
coefficients:

~250’000 total

wavelet basis
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3-D Surface wave kernel

SPECFEM3D
(Komatitsch et al. 2002)
 
  single kernel calculation

106 GFlop

~7 hours on 24 CPUs
     ( 40 GFlop/s )
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Adjoint method

Membrane waves Resolution Mediterranean tomography

Adjoint source for cross-correlation measurements 
(Tromp et al. 2005)
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Adjoint method

Membrane waves Resolution Mediterranean tomography

Adjoint source for cross-correlation measurements 
(Tromp et al. 2005)

Time-reversal, adjoint simulation

Phase-velocity sensitivity kernel
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Travel time predictions

Forward benchmark 

Membrane waves Resolution Mediterranean tomography
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Travel time predictions

Multiple ray paths
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Travel time predictions

Multiple ray paths

numerical ray 1 ray 2 ray 3

travel-time 
anomaly (s)

Membrane waves Resolution Mediterranean tomography



Daniel Peter | ETH Zurich

Waveform predictions

Asymptotic membrane waves

Membrane waves Resolution Mediterranean tomography
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Waveform predictions

Multiple ray paths

Membrane waves Resolution Mediterranean tomography
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Shorter Wavelengths 

Membrane waves Resolution Mediterranean tomography
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Iterative inversions 

Rays Finite-frequency

Membrane waves Resolution Mediterranean tomography
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Noise 

Membrane waves Resolution Mediterranean tomography
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Phase velocity maps

Membrane waves Resolution Mediterranean tomography
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