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General comments

Maurel at al. present a comparison of two averaging methods used to determine
seismic velocities in anisotropic media, outlining the derivation of velocity-averaging
and elasticity-tensor averaging for single grain and polycrystal ice exhibiting typical
anisotropic fabric. The authors demonstrate the shortcomings of the velocity-averaging
method which result in erroneous P-wave velocity estimates and “unphysical” S-wave
velocities with subsequent erroneous average S-wave velocities. By contrast, the
elasticity-tensor averaging method is shown to be robust in the cases presented. The
authors go on to outline the shortcomings of the Bennett (1968) method.

This paper is an extension of Maurel et al. (2015), with reproduction here of a number of
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derivations and equations reported previously. Maurel et al. (2015) includes a section
“5(b) Comparison with previous work” which is essentially a digest of, or prelude to, this
paper, commenting that the differences will be discussed in detail in future work. At the
end of this section they essentially report the findings presented here, but arguably in
a more succinct manner:

“The agreement is excellent [referring to Bennett], although less good for the S-wave
than for the P-wave, and this will be analysed in more detail in forthcoming work. The
resulting agreement on the velocities is 0.07% for the P-wave and 0.7% for the S-
wave, without any adjustment (figure 10) (red and black curves). For completeness,
we also report in figure 10 the results obtained from slowness averaging as used in
[24] [referring to Gusmeroli or slowness averaging as a method], omitting the ÏŢ-
average (equations (5.5)) (green curves). This latter case leads to two different S-
wave velocities, which is unphysical as the wave propagates along the symmetry axis.
Incidentally, there is a slightly more notable disagreement with Bennett [21], with 0.9%
for both the P- and the S-wave velocities (when compared with the highest S-velocity).”

Although the result presented here are important, in that they highlight potential flaws in
methodology, the significance in terms of the scale of errors introduced is not obvious:

1. The errors introduced using the velocity-averaging method for P-waves are very
different to those of S-waves. As such, the significance to different experiments will
vary.

2. In general, seismic anisotropy is presented as a percentage of velocity which is
more tangible and indicative of its significance when applied to data. This is not the
case here. Presentation of results as percentages would allow readers to determine
their significance much more readily and put the errors in context. At present, it is not
possible to ascertain the scale of these errors when compared to observational errors,
which are currently significant in seismic studies of in-situ ice. Percentages were used
in Maurel et al (2015), as highlighted above.

C2

http://www.the-cryosphere-discuss.net/
http://www.the-cryosphere-discuss.net/tc-2016-23/tc-2016-23-RC2-print.pdf
http://www.the-cryosphere-discuss.net/tc-2016-23
http://creativecommons.org/licenses/by/3.0/


TCD

Interactive
comment

Printer-friendly version

Discussion paper

3. It would appear from the plots presented that the errors introduced by the velocity-
averaging method would be of the order of «1% for P-wave velocities and 1% for
S-waves (again, as highlighted above). Errors at this level may be acceptable when
comparing to field observations, although future studies will of course need to include
this uncertainty.

4. The inclusion of the example of zinc is particularly confusing and of no interest to
the general glaciological community. The authors include this example to emphasise
the potential errors introduced but its inclusion over-complicates what is already a fairly
inaccessible piece of work. More useful would be to present the errors introduced for
all the likely anisotropic fabrics of ice (of which two are already presented, and all of
which are already outlined in Maurel et at (2015)).

5. There is no glaciological context with regards the stress regimes responsible for the
fabrics presented, or why anisotropic fabric in ice is of interest etc. Again, this reduces
the target audience.

The manuscript is poorly written, difficult to follow, poorly structured and with an un-
scientific style in places. As such, the main findings of the work are not clear and
will be overlooked by the vast majority of readers. The structure needs attention and
section headings need to be more specific and descriptive to improve the flow of the
manuscript. Method and application should be in separate sections. The style, gram-
mar and vocabulary also need attention: the paper is currently below the standard
where a reviewer can be expected to correct all of the grammar and style issues.

Recommendation

This is a useful and timely piece of work and adds to the growing body of papers
investigating anisotropy in ice, highlighting pitfalls of a previously-applied methodology
and assumptions made therein. The discrepancies introduced by using the velocity-
averaging method are an important finding which must be heeded by future workers in
the field.
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As such, the findings are suitable for publication in The Cryosphere. However, I have
two main concerns and suggested improvements:

1. The significance of the findings to the glaciological community is not well presented,
and possibly of only minor significance when compared to observational uncertainties,
and as a result they may be overlooked. The glaciological context and significance
needs more discussion.

2. One can regard this paper as an application of Maurel et al (2015). I would therefore
recommend two strategies to improve the manuscript. If this paper is to be published
in The Cryosphere this is critical to ensure accessibility to the likely readership:

Option 1: Significantly more use could be made of referring to Maurel et al. (2015)
with the removal of some of the repeated text and functions to improve the readability
of this paper, e.g., parts of Section 2.1 and the Introduction. Alternatively, some of
the content could be moved to an appendix or supplementary material and reported
in more detail, as per Maurel et al (2015). At present, this manuscript is a poorly
structured version of Maurel et al. (2015), which uses a much more coherent and
well-structured presentation style.

Option 2: This paper could be submitted as a “Brief Communication”, highlighting the
results and discrepancies of the different methods and removing a significant part of
the introduction and methodology by referring to Maurel et al (2015).

Specific Comments

The manuscript is full of grammatical and linguistic errors, beyond what I regard as
reasonable for a reviewer to highlight, and is in need of significant proof reading and
editing prior to re-submission.

Title: The title as it stands does not describe the manuscript. The paper is a compari-
son and evaluation of averaging methods.

Abstract: The abstract does not fully describe the manuscript, only outlining the aims
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of the work and not the method, results or conclusions.

Sections headings should be more concise and descriptive

Section 2 – As per RC1, this section could be re-structured to improve readability.
Consider moving the first part of Section 3 (the two boxed sections, or perhaps all of
3.1) here to create a self-contained section of methodology followed by application only
in Section 3.

Section 3.2 – This should become section 4 to improve readability.

Section 4 – The section discussing Bennett (1968) again builds on Maurel et al (2015).
However, in the previous paper the errors introduced were described in terms of per-
centages. However, in this manuscript this section is poorly structured and difficult to
follow.

Figures 5 and 6 can be merged if zinc is dropped, and similar plots with percentage
anisotropy included.

The sections discussing previous work (Diez, Bennett, Gusimeroli) are poorly struc-
tured and lack focus or specifics (such as section or equation numbers in the previous
work). The reader will therefore struggle to fully understand the issues with the previ-
ous work.

Conclusions: As with the abstract, the conclusions do not encapsulate the full body of
work. Similarly, a separate discussion section is required, most likely a re-working of
existing text will suffice.

Interactive comment on The Cryosphere Discuss., doi:10.5194/tc-2016-23, 2016.
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