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This paper concerns the problem of accurate determination of ray-theory attributes (travel-
times, paraxial rays, polarization, wavefront curvature, re�ectivity) when the model parameters
are perturbed. Also, the null space of the �rst-order derivative functions is analysed. Accu-
rate ray perturbation calculations and study of the null space prior to inversion are used in
regularizing the inversion process and in optimal acquisition design. To represent anisotropy
in these studies, an increased number of model parameters is required, compared to isotropy.

An accurate and error-predictive ray perturbation approach is based on the Taylor series ex-
pansion of the data vector with respect to model parameters1 . Higher-order perturbations
(HOPs) have been included in the linearized iterative inversion to achieve a fast convergence of
the iteration process with the same CPU cost3. Numerical examples2 show that HOPs remove
the sensitivity of linearized methods to the choice of the reference model. In particular, qP-
wave traveltimes may be su�ciently well approximated by using only second-order terms4;5.
Second-order paraxial quantities may be useful in eliminating ray singularities at caustics1.

Following previous studies1�3, the objective of this paper is to illustrate the accuracy of HOPs
with applications to NMO-AVO analysis, migration, and traveltime tomography. During sensi-
tivity analysis, �rst-order derivatives are used to �nd optimal parameter combinations without
SVD.

The HOPs for the phase/group velocities, polarization, wavefront curvature, and re�ection or
transmission coe�cients in TI media are obtained. It is shown that the HOPs are very close
to the exact functions. After the sensitivity analysis, the formulas are expressed in terms of
Chapman-Miller combinations of anisotropic parameters.

Improved second-order approximations for the o�set-dependent Green's function are derived.
In migration, this function allows us to operate directly on the displacement vector without
time-consuming ray tracing in anisotropic media. A �eld OBS example from the North Sea is
presented.
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