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ABSTRACT

In many cases, in the seismic wave propagation modelingeggrgcales much smaller than the mini-
mum wavelength are present in the earth model we wish to gaedpan. For many numerical methods,
like the spectral element method, these small scales neael teeshed in order to be accurate, which
is a challenge leading to high numerical cost. For the irv@r®blem present in seismic tomography,
understanding the interaction of small scales (that carbedmaged) with large scales (that can be
imaged) is an important issue. The purpose of the work pteddrere is to understand and to build the
effective medium and equations allowing to average the Issgales of the original medium without
losing the accuracy of the wavefield computation. Being &bléo so will also be very important for
seismic tomography by allowing to build a consistent patsizedion for the inverse problem. For this
kind of problems, two scale homogenization in periodic amudom media is a well-known effective
method [1], [2]. Nevertheless, application of two scale bgenization to non-periodic deterministic
media is still a challenge.

We first apply high order two scale homogenization to pedddiered earth models. It appears that
the order 0 homogenization gives the result that was olddigeBackus in 1962 [3] which implies that
order 0 homogenized model is transversely isotropic eveagh the original model is isotropic. It also
appears the order 0 is not enough to obtain surface wavescaithct group and phase velocities and
that higher order homogenization terms up to 2 are oftenireduHigh order homogenization implies
to modify the wave equation and the boundary conditions. Nésvshow to extend the theory from the
periodic case to the non-periodic case. Examples in periadd non-periodic medium are given. The
accuracy of the results obtained by homogenization arekeldeagainst normal mode solution com-
puted in the original media and shows a good agreement [é]f{gare 1). Applications to numerical
method like the spectral element method [5] will be presgraied the numerical difficulties linked to
the new boundary conditions discussed.

The extension from layer media to media with properties ivaryapidly in all direction is well known
for periodic media case. Nevertheless, the extension tepeoiodic deterministic media is difficult and
the and the generalization of the solution found in the neneglic layer media case is not straightfor-
ward. We will present preliminary results in that directifam the 2S SH case.
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Figure 1. Homogenization example in the spherically symimaarth model PREM. On the left if
shown the Isotropic PREM model and its homogenized versierotder 0 (h0)V,;, andV,,, (vertical
and horizontal P wave speed),, andV, (vertical and horizontal S wave speed), density afa both
models are represented as a function of the radius. For ttwpsc PREM, the horizontal and vertical
wave speed are the same. It appears clearly that, even ifritfiead model is isotropic, the order 0
homogenized is anisotropic. On the right is presented thiicae component of the displacement due
to a vertical force at 221 km depth recorded at an epicenisthice 0fl32°. The “reference” solution

is computed in the PREM model and homogenized solutionseatittler 0, 1 and 2 are shown. It is
clear that the order 0 homogenization is not accurate enfarghe surface waves, but a good accuracy
can be achieved with the order 2. For the inverse problers résult is interesting because it shows that
it is useless to try to obtain a sharp model with this kind dhda
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