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Reply to Comment on ‘ Aspects of 1 D 
seismic modelling using the 
Goupillaud principle‘ by E. Szaraniec’ 
Evert Slob’ and Anton Ziolkowski3 

The essence of Szaraniec’s Comment on our paper is that “ the fundamental equa- 
tion (identity) for the odd-depth model and subsequent deconvolution is correct 
with no additional geological constraints’’. The essence of our reply is that the 
odd-depth model is itself a geological constraint and an unacceptable one from a 
physical point of view. Szaraniec’s comment implies that our derivations and there- 
fore our conclusions are false. We show that our derivations are correct by answer- 
ing the five points put forward by Szaraniec. 
1. We did not reverse the Goupillaud postulation. We merely quoted the relevant 

part of the paper by Goupillaud (Goupillaud 1961), from which only one conclu- 
sion is possible: reduce the number of unknown reflection coefficients a priori to 
obtain a sufficient number of equations for both source and Green’s coefficients 
with only the convolutional equation of the seismic trace. This is done by taking 
the unit time, i.e. the sampling distance At to record a seismic experiment, as a 
measure for depth for one-way traveltime from which it follows that only the even- 
numbered data coefficients contain primary information. It does not make sense to 
make a record at a rate of At in a geology with a rate of change of 2At. Our argu- 
ment is that, a priori, every data sample can, in principle, contain primary informa- 
tion from which it is obvious to use the two-way traveltime as the unit time. This 
is, of course, the actual Goupillaud principle. 
2. This concerns Szaraniec’s points 2 and 4. In our analysis we have clearly stated 
(Slob and Ziolkowski 1993, see on p. 142 the text under (21)) that the source and 
receiver ghosts are not included in the model. This is because of the difficulty of 
having a pressure field at a presssure free surface, so there is no reason for a factor 
2 for the reflection response as Szaraniec now suggests. In fact the factor should be 
zero! If the pressure field was to be generated and measured under the free surface 
above the first reflector, then we would have source and receiver ghosts represent- 
ed by fractional powers of 2. Under the circumstances, we conclude that it is better 
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to ignore the effects of source and receiver ghosts and use an incident plane pres- 
sure wave travelling downwards only. 
3. Giving I?(z> in (21) (Szaraniec 1984) as the total impulse response may not be 

Szaraniec’s point and he did not explicitly state it but if in 

Rz> = wmz>, 
denotes measured data and denotes the source signature then there is no 

choice but for I? to denote the earth’s total impulse response. However, it is not our 
point either and we did not mean to ‘echo’ it throughout the paper; in any case, we 
did not use the total impulse response in the odd-depth model. We merely showed 
that the odd-depth identity is not valid in the case when the incident field is 
included but since the incident field is in the data, one cannot simply substitute the 
convolution equation into the odd-depth identity but one must first subttslct the 
incident field from the data. In the appendix of our paper we showed that in spite 
of the fact that the incident field is not present in Szaraniec’s convolutional model, 
it comes out of his substitution of the convolution equation in the odd-depth iden- 
tity, see his (20). 

Surely, Szaraniec would have agreed with our result in (A16) being correct if he 
had actually substituted his (3) into his (2) for the coefficients (Szaraniec 1984). 
Apparently he did not do that, so we shall do it here : 

X(Z)S(-z )  + X(-Z>S(z)  = 2X(Z)X(-z) 

which is his (5). Now we substitute his (18) and (19) as the representations of the 
data and source functions, respectively, into his (5). The result is obviously our 
(A10) and not his (20)! But (A10) is still not the correct relation since the incident 
field is present in this equation while it is not in the equations we started with, viz. 
his (2) and (3), as Szaraniec admits in his comment. That his function l?(z) is 
indeed the scattered field only can be seen directly from his (6)-(10). The incident 
field should therefore be excluded from the result because it cannot be included as 
we have subsequently shown in the appendix. This exclusion yields our result 
given (A16). We conclude that our (A16) is not ‘obviously’ different from his (20) 
because we did not, as Szaraniec suggests, use the total impulse response to arrive 
at (A16) but used exactly the same functions as he has done (with different 
notation). Hence, Szaraniec’s result is simply wrong. Note that our (A10) is the 
result obtained using the total impulse response but is not valid because the odd- 
depth identity is not valid for it. So then the scattered field (or reflection response) 
must be substituted yielding (A16). But then the presence of the incident field in 
the data is ignored and we cannot have that either. If it is done properly the total 
impulse response is used in the convolution equation and the scattered field in the 
odd-depth identity, which is exactly what we have done in the main text, see our 
(32)-(35). In summary, there are two errors in his (20). The first is the presence 
of the incident field (for rn = 0 : xo = so in his (21)) whereas in the function I? in the 



Reply 87 

convolution equation it is not present (so it should be x,, = 0) and the second is the 
absence of the alternating minus sign in the convolution of the coefficients. 
4. This regards Szaraniec’s point 5. Once you have made it impossible for the 
geology a priori to provide every data sample with new information, a lot of things 
are possible. Szaraniec showed deterministic deconvolution, seismogram testing 
and sample reconstruction. It is our point, and this is fundamental, that the odd- 
depth model is itself an unacceptable geological constraint. We have demonstrated 
it mathematically in (36), and with physical arguments of which the question : How 
can you know beforehand that none of the even-numbered data samples contain 
primary information, but only free surface multiples? is the most important one. 
The fact that some or maybe most of the reflection coefficients are zero or close to 
zero should come out of an inversion process and not be put in the model a priori. 
If this is done and deconvolution based on this model is performed, all the infor- 
mation that is in the data and not described by the model of the earth is put in the 
source wavelet and consequently the results will be useless. 
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