
Review: “Attenuation of Sound in Glacier Ice from 2 kHz to 35
kHz” by Meyer et al.

General comments

The paper investigates the attenuation coefficient of sound waves in ice conducted on a glacier. Overall,
the paper presents a very careful description and analysis of an acoustic wave propagation experiment
carried out on the Langenferner glacier. I am not an expert in seismic measurements, so I cannot entirely
judge the claimed improvement of these experiments over previous work. But the measurement protocol
appears to be sound and the study is without a doubt a very careful piece of work so I recommend
publication after some revisions have been made.

As a main weakness of the work, no additional, constraining data (texture, porosity, temperature etc)
from the ice at the measurement locations was collected which renders the interpretation of the results a
bit difficult. Accordingly, the discussion in view of existing work and potential mechanisms remains a bit
fuzzy to me and requires a polish. The respective questions are included in the list of specific comments
below.

Henning Löwe

Specific comments

(p.1 l.6): here presented results → results presented here

(p.2 l.9): polycrystaline → polycrystalline

(p4. l.21): maybe I missed it but when was the field campaign carried out?

(p.10 l.19): N → N

(p.11 l.27): what does sup stand for?

(Fig 6/7): should be combined to a single figure

(p.15 l.4): a reference should be given for the used method

(p.20 l.11): the wave lengths (≈ 9 − 60 cm) as estimated from frequencies and measured speed
of sound should be stated somewhere explicitly (not necessarily here, but the occurrence of “wave
length” reminds me of that) I think its helpful for the discussion later.

(p.20 l.22): The statement about the comparison to Westphal in the frequency dependence is not
clear. From which part of Fig 15 does this follow?

(p.20 l.24): I cannot follow why the present data is not consistent with Rayleigh scattering. Here
it seems necessary to recall the prediction of Rayleigh scattering on the frequency dependence and
maybe include an inset in Fig 15 to show how this compares to the collected data. In addition,
the discussion and comparison to other work should be a bit more comprehensive in view of the
similarities in view of of temperature, depth, ice porosity, etc. Given the range of wave lengths,
the origin of attenuation by dissipative or scattering mechanisms may be quite different.

(p.20 l.29): Again, the conclusion about the frequency dependence is appears to be an overstatement
if numbers (or figures) are not shown.

(p.20 l.32): accounts → account

(p.20 l.32): which differences?

(p.21 l.2): Isn’t it possible to discuss/include at least the prediction of the attenuation coeffi-
cient/length (maybe derived from the “quality factor” as often used in the geo context) for homo-
geneous, polycrystalline ice in Fig 15?
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wiebusch
Hervorheben
fixed,, removed here

wiebusch
Hervorheben
fixed, added also hyphen

wiebusch
Hervorheben
added August 2017

wiebusch
Hervorheben
fixed

wiebusch
Hervorheben
Wiki: The supremum (abbreviated sup; plural suprema) of a subset S of a partially ordered set T is the least element in T that is greater than or equal to all elements of S, if such an element exists.Consequently, the supremum is also referred to as the least upper bound (or LUB).

so the value is 0 unless the second argument is >0, then it is the second.


wiebusch
Hervorheben
difficult, because this is distinct data that cannot be easily compared. The measurement time and span and measured amplitudes differ.
We could put the figures side-by-side.

We would need a specific suggestion  how to combine.


wiebusch
Hervorheben
fixed

wiebusch
Hervorheben
we added right at the beginning that 1-100kHz coprresponds to 350-3.5 cm

wiebusch
Hervorheben
westphal is not included in the figure. text is now modified to make this clear

wiebusch
Hervorheben
the attenuation is a factor 10 as discussed in the introduction

wiebusch
Hervorheben
as discussed in the introduction theoretical predictions have not been very succesful: being wrong by orders of magnitude for simple polycristaline ice.

wiebusch
Hervorheben
fixed

wiebusch
Hervorheben
for rayleigh scattering we would expect an attenuation length dependence with the fourth power.
Our result is more in agreement with internal friction as suggested in the literatureto be the dominating effect in warm ice.

wiebusch
Hervorheben
we have tried to do so in the text

wiebusch
Hervorheben
it seems that  our measurement is quite consistent with dissipative loss. That thenm should be rather similar for different "warm" ice.


wiebusch
Hervorheben
improved the text

wiebusch
Hervorheben
Yes we agree that this is a weak point.
Our focus was a robust measurement that was hard to obtain. Additional data from the same glacier may become avalibale in the future by our collegues J. Kowalski who has measured temperature profiles and S.Galos et.al. who continously works on this specific glacier.

wiebusch
Hervorheben
We did polish the discussion.



(p.21 l.17): Acoustic scattering in heterogeneous materials is reasonably well understood, but it
needs additional measurements to characterize the heterogeneities and the state of the material to
infer potential origins.
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wiebusch
Hervorheben
Yes, we agree. But it is not necessarily scattering.
Changed to:
An improved  understanding of the effective damping of sound in natural glaciers is required before  the attenuation and its frequency dependence can be beneficial in characterizing basic properties of the  glacier ice.
This will require to combine attenuation measurements with measurements of glacial parameters that characterize the heterogeneity and also to study temperature-dependent effects.




