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Background

The response of a stratified medium to excitation by a source can be extracted by using the tech-

nique of separation of variables. For a horizontally stratified medium this leads to a representation

in terms of the frequency-wavenumber domain, and seismograms can be calculated by performing

a numerical double integral (see e.g. Kennett, 1983).

For weakly attenuative medium, there are some advantages in working in terms of slowness

rather than wavenumber since the frequency-independence of the reflection and transmission

properties at interfaces can then be exploited.

The algorithm

The algorithm implemented in the package is described in some detail in Kennett (1988) and

was originally released as part of the Seismological Algorithms tape.

The synthesis of seismograms is achieved by building the response in the frequency-slowness

domain and then undertaking a slowness integral for each specified range from the source, followed

by an inversion to the time-domain using a Fast Fourier transform. The integration over slowness

is carried out using the trapezium rule because this can cope with the complexities of the response
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function as well as the oscillatory Bessel functions which include the horizontal phase information.

A point source is taken to be embedded in a set of uniform isotropic layers with slight atten-

uation — 0.0001 < Q−1 < 0.05 — underlain by a uniform half space. A cylindrical coordinate

system is employed with the origin passing through the source. The response is built up from

the reflection and transmission properties of different portions of the stratification. Within in

each portion of the layering the reflection and transmission matrices are calculated using a simple

recursive scheme, which allows control of the level of internal multiples within each layer.

The structure is divided in two parts by the introduction of a separation level, and different

forms of the response are used depending on whether the source lies above or below this level.

This allows different treatments of the propagation properties in the upper and lower zones. In

each case a wide variety of approximations to the response can be generated, so that e.g. it is

possible to include all free-surface reflections or to suppress them entirely. The radiation at the

source can be confined to just P or S waves and a similar choice may also be made at the receiver.

The flexibility of the representation means that it is possible to produce complete synthetic

seismograms as well as concentrate on particular groups of phases.

The structure of the numerical integrals for the displacement as a function of surface position

and time can be illustrated with the case of the vertical component:

uz(r, φ, t) =
∑
m

∫ ω2

ω1

dω ω2
∫ p2

p1

dp U(p, ω)S(zs,m)Jm(ωpr)eimφ

where r is range to station, φ is azimuth to station, and zs is source depth. The medium response

U(p, ω) calculated by composition of reflection and transmission matrices does not depend on

angular order m. This dependence is contained entirely in the source term S(zs,m).

In order to minimise effort in the numerical integrals, the asymptotic forms of the Bessel

functions are used so that there is a common integrals for all the azimuthal orders at the source.

Handbook Chapter 85.10 Page 2 January 13, 2002



The range of integrtaion in both frequency ω and slowness p is under the control of the user. It

is possible to break up a slarge slowness range into pieces and to use differing sloness increments

in each and then add the resuklting seismograms.

The reflectivity code

The code contributed to this volume is the ECR package, which is the author’s implementation

of the reflectivity approach for horizontally stratified media. It is in directory \85\8510Kennett

on the attached Handbook CD.

The complete source code is provided. Coding is “standard” Fortran 77 with no compiler

enhancements. The package has been successfully run on a wide variety of platforms since its

release in 1988 (under the name snert). The code was written when memory was expensive and

so the limits on the size of the slowness and frequency arrays are conservative. The size of the

arrays can easily be increased by editing the common blocks.

Run times and computer memory depend on whether or not adjustments are made to the

basic version as well as the computer platform being used. For an upper-mantle example with

70 layers using 1200 slowness and 250 active frequencies with seismogram output for 32 sites,

the computation time is about 6 minutes on Sun Sparc Ultra 5 with approximately 16 Mbyte of

memory used.

Information on constructing suitable input files is provided in the documentation on the CD

volume. Care needs to be taken to ensure adequate sampling in both slowness and frequency so

that the numerical integrals converge. Oscillatory seismogram traces indicate undersampling in

slowness.

Seismograms are written out in a simple format (zst) unsing unformatted records. It is
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relatively easy to adapt to new formats using a conversion filter.
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