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Correlation between two Vs models, as a 
function of depth and harmonic degree 
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Ekström & Dziewonski, 1998




Vsv at 150 km: Anisotropic models from Harvard database 
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improvement in database 



multiple resolution model 



checkerboard test (SV) 
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new model, global view 
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new model, continental-scale view 



new model, vertical sections 
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Comparison with body-wave tomography 

Piromallo & Morelli 2005




Sensitivity kernels (Fréchet derivatives, 
partial derivatives, banana-doughnuts…)


Sensitivity theory 

We assume a function K exists 
such that phase anomaly is 
linearly related to phase velocity 
perturbations: 

Phase velocity perturbations 
(unknown): 

Sensitivity kernel (can be 
calculated): 

Peter, Tape, Boschi, Woodhouse, 2007




Sensitivity kernels: 
how they look like


adjoint method (membrane waves) analytical kernel from e.g. Spetzler et al. (2002) 

Love waves, 150 s period. Source and receiver on 
the equator, 90° apart. Reference model is PREM. 



“benchmark” test: long 
spatial wavelength anomalies 

Peter, Boschi & Woodhouse, 2008




“benchmark” test: shorter 
spatial wavelength anomalies 
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“benchmark” test: realistic 
“input” model 

Peter, Boschi & Woodhouse, 2008




Ray and adjoint-method modeling of 
European upper mantle SV velocity 

Peter, Fry, Boschi, Deschamps, Ekström, Giardini 2008




R150 RAY
 RYTOV




European tomography: state of the art 



adaptive-resolution tomography


Julia Schäfer, 2009
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Rayleigh 75s and thermal thickness of lithosphere




collaboration with F. Cammarano


VS (km/s)


ρ (g/cm3)
 T (°K) 

identifying temperature 
and density distributions


150 km depth




contribution from ambient noise data 
teleseismic data  ambient-noise data  

Julie Verbeke, Edi Kissling 

Rayleigh 35s phase velocity




Amaru, Kissling and others 2008


contribution from body-wave data 



contribution from surface-wave overtone data 

collaboration with J. Trampert




Thank you 



additional slides 



ray and adjoint-method modeling of 
European upper mantle SV velocity 

Peter, Fry, Boschi, Deschamps, Ekström, Giardini 2008




Becker and Boschi, 2002-present


Correlation between two Vs models, as a 
function of depth and harmonic degree 



Becker and Boschi, 2002-present




contribution from surface-wave overtone data 

collaboration with J. Trampert
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Figure C.3: Relative vertically polarized shear wave velocity maps with respect to the

mean as indicated. The maximum amplitude of the color scale is indicates in percent.
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Radial coherence of tomographic images 
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Ray and adjoint-method modeling of 
European upper mantle SV velocity 

Peter, Fry, Boschi, Deschamps, Ekström, Giardini 2008








Vp, Vsv at 150 km depth  

Piromallo and Morelli 2003
 Marone and van der Lee 2003


Schmidt and van der Lee 2006
 Boschi et al. 2004




Lithospheric thickness? 

comparison w/ work of Perez, Artemieva




checkerboard test (SV) 



adaptive-resolution tomography


Julia Schäfer, 2009




checkerboard test 



Stehly, Fry, Campillo, Shapiro, Boschi, Giardini 2009


contribution from ambient noise data 


