This manuscript submitted to ESSD presents a new attempt to develop a map of radar attenuation
rate over Law Dome, East Antarctica. Law Dome is a well-known, bench mark ice core site for
Holocene climate and adjacent to fast flowing, rapidly changing Totten Glacier. Therefore, evolution
of this ice rise, particularly stability of the dome position and non-climate-origin elevation changes, is
of strong interest. Past evolution of the ice rise and geothermal flux can be inferred from the
englacial thermal field, which can be possibly constrained by radar attenuation rate. Having it said,
this paper addresses an important topic that has a broad impact. However, the results currently
presented here are not robust enough to be immediately usable by others as is. In short, the method
is not adapted well for this purpose, and the validation using the ice core is not carried out.
Therefore, | would not recommend publication of this work in ESSD at this moment. | hope my
comments below are useful for the authors to advance this work and justify my recommendation.

1. The method used here is based on vertical gradient analysis carried out in West Antarctic Ice
Sheet Divide region (Matsuoka et al., 2010 in JGR, the reference list shows a wrong one in a
proceedings) and later applied to Greenland Ice Sheet (MacGregor et al.). Their key argument
justifying this analysis and the use of the vertical gradient as a proxy of attenuation rate is
that large surface mass balance in those regions make upper half to two thirds of the ice
sheet nearly isothermal (ice temperature stays mostly the same from the surface to these
depths). Ignoring the secondary effects of ice chemistry, radar attenuation rate in this
isothermal layer is then uniform. Radar power returned from englacial reflectors is a function
of this depth-uniform attenuation rate and reflectivity of individual reflectors. They further
assumed that reflector depths and reflectivity magnitudes are both randomly distributed,
without strong depth trends (and this point was examined using Siple Dome ice core for the
WAIS Divide work). Under these assumptions, the vertical gradient of the radar returned
power can be (statistically) a proxy of ice temperature of this isothermal layer. In many cases,
englacial radar reflectors are not recorded near the bed. Nonetheless, it is important to keep
this analysis to the reflectors in the expected isothermal layer, because, below this
isothermal layer, ice temperature varies largely from the temperature of the isothermal layer
(near surface temperature) to the basal temperature near the melting point. Returned power
near the deepest end of the analysis window has a strong influence on the vertical gradient
when the returned power is fitted. These assumptions need to be discussed under given
conditions at Law Dome, and examined using the Law Dome ice core (e.g. reflectivity and
reflector depths). Some modifications are probably necessary for specific glaciological
conditions at Law Dome. To be more specific, I'd analyze following to improve this work:

a. Check Law Dome temperature record to see whether there is an isothermal layer or
is for radioglaciology, so temperature
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not, and how thick it is. Here, “isotherma
difference of a few degrees is not a big matter.

b. Examine radar data to see how deep significant englacial radar reflectors are
recorded. The deepest echo to be analyzed should have a significant signal-to-noise
ratio, at least a few decibels. Fig. 2 shows that the returned power is flattened at -60
dB around 800 m. Is this the noise level of this system?

c. Derive acidity and salinity effects on radar attenuation using the Law Dome ice core
data. Are they insignificant (so that they can be ignored throughout the entire
analysis) or are they significant so that they should be considered or discussed? | am
not familiar with previous work at Law Dome, but surface pit studies can be used to
see possible spatial patterns of chemical fallouts over the dome. Combining the core
data at the summit and pit data over the dome, can you get an insight how much are



acidity/salinity effects significant? Probably it is hard to implement this step in the
analytical recipe but it is the point need to be discussed.

d. Similarly derive radar reflectivity using the acidity records of the core. Here, | would
simply see the depth differential of acidity (because temperature is uniform enough
and layer thickness can be ignored for the first attempt). Do reflector depths and
reflectivity magnitudes have strong relationships with the depth, or are they mostly
randomly distributed? Reflector depths can be examined from radar data as well, but
radar data are affected by many other factors. So, I'd look into the ice core data for
reflector depths too.

e. Analysis a and b above define the depth window that you can analyze. Analysis c and
d above justify the analytical method and interpretation of the vertical gradients as
the attenuation rate. These careful assessments should be made to have rigorous
results, but the current manuscript does not present this framework clearly.

2. As|mentioned above, this method works in the top half to two thirds of ice thickness in the
most cases (but actual depth range depends on many factors). Even if radar data show
reflectors at greater depths, ice temperature varies with depth near the bed so that the
isothermal assumption is invalid and thus the analytical method can not be applied there.
Therefore, the thermal structure derived in this way is not sensitive to geothermal flux and
more likely linked to the past glaciological evolution of the ice rise. | am curious whether
resultant thermal structure has a clear contrast between the two sides facing to Totten
Glacier and to outer sea. Probably this analysis alone cannot make a strong conclusion, but
this analysis can be combined with other analyses to figure out possible past evolution and
current boundary conditions using radar data. If the revised work will be submitted to
another journal (not as data paper), I'd consider following points:

a. Suppose the derived radar attenuation is correct, the bed returned power (after the
correction of the radar attenuation in the isothermal layer) is dominated by bed
reflectivity and thermal structure of the deepest ice. Both are related to bed
conditions (thawed or frozen) and probably to geothermal flux. Is bed uniformly
frozen and geothermal flux nearly uniform, or do you see a specific spatial pattern?

b. Are there Raymond Arches beneath the dome summit? If so, can anomalous thermal
structure derived by this work and Raymond Arches be discussed together to have
the insights of past divide migration or differential thickness changes?

3. Ice core data are vital to justify the analytical method but also to validate the results. | would
clarify the vertical gradient (direct outcome of the analysis) and englacial attenuation rate
very carefully. The former can be a proxy of the latter, but they are not necessarily identical.
Vertical gradient can be dependent of the radar system, but the attenuation rate is
independent (the manuscript says that attenuation is system dependent, which is wrong,
Line200). You can validate this relationship between the vertical gradient derived from the
radar data and attenuation rate using the Law Dome ice core. Using the recipe developed in
MacGregor et al. (2007), one can estimate the attenuation rate at the core site. Probably the
derived vertical gradient is not precisely equal to the core-derived attenuation. Can
chemistry data potentially explain this difference (as a secondary effect on the attenuation or
as a reflectivity distribution)? Can the ice core pin down a possible uncertainty range of the
radar-derived attenuation rate proxy?

| acknowledge that radar data can be analyzed in many ways, and | am not trying to promote my own
paper. The analytical recipe | explained in #1 is not the golden rule and the principle can be
implemented in many ways. | don’t recommend this paper for publication, not because this work



does not follow the recipe | presented above, but because assumptions and analytical methods are
not well articulated. Also, Law Dome has rich datasets, which benefit this work in a more efficient
way. At least it is a great asset to validate the derived attenuation rate.

| wish that my comments above are useful for the authors.
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