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The manuscript 'Iceberg influence on snow distribution and slush formation on
Antarctic landfast sea ice from airborne multi-sensor observations' by Franke et al.
illustrates how grounded ice bergs on landfast Antarctic sea ice affects snow
redistribution on the windward side of the icebergs that induces thick snow drift
accummulation and flooding. This is observed from a multi-platform and scale
campaign on Atka Bay from December 2022 using UWBM Radar, ALS, NIR imagery,
ground-based validation and imaging SAR. The paper is well-written, however, the
theoretical 'treatment’ and 'handling' of radar scattering mechanisms (mostly
speculated and neglectance of double-bounce scattering), in combination with
assumption of snow only as dry and flooded snow, makes the paper slightly speculative
and needs considerable improvement. Therefore, | recommend major revisions for this
round. My comments are general for this round and do not deal with specific line-by-line
comments for now. The paper is structually well-written with outstanding depiction and
quality of figures that may require some change once my feedback is incorporated or
defended.

We thank the reviewer for the time and effort reviewing our manuscript as well
as for the helpful feedback and comments with respect to material properties
and scattering interpretation. We outline below how we intend to address the
comments and how we will modify our manuscript accordingly.

General Comments:

1) My major concern is interrelated. a) The paper assumes radar reflections originating
'either the transition from snow to ice or the transition from dry snow to flooded
snow, which could be wet snow / slush or refrozen, salty snow ice.' Now our issue is
this. When the thick snow on thinner ice induces negative freeboard, yes, slush and
refrozen snow-ice forms. But, what the authors missed (surprising) is that slush
formation during water percolation into the snow also causes snow layers above the
slush to be highly saline and completely brine-wetted. This is not 'dry-snow' especially
at air and snow temperatures between -4 and -1C. The authors in Line 220 mention 'we
specifically define our snow column thickness as dry-snow thickness. The dry-
snow depth represents either the interface between snow and ice or the interface
between dry snow and flooded snow (i.e., slush).' This treatment of 'snow column'
neglects this intermediate but highly scattering layer of this brine-wetted snow volume,
highly sensitive to radar waves, even before the scattering originates from the slush
layers below. This needs to be accounted for and addressed.

We thank the reviewer for the feedback and agree with the reviewer’s
concerns regarding point 1). We will expand the simplification of our materials
(dry snow and slush) and include the effect of water percolation in snow, as
well as its impact on the scattering properties in the radargrams. We will add
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references covering work by Nandan, Mallet, and others in that regard and
will include a more extensive discussion. We will change our two-layer
system (snow and slush) to a three layer system (snow, brine-wetted
snow and slush). We agree that the term dry snow may be misplaced.

b) My second concern is tied to my first concern above. The paper's treatment
of scattering mechanisms depicted in Figure 3, sections 4.2 and 5.2, figure 5 is very
speculative and vague. First of all, thick snow on Antarctic sea ice, exhibiting dirunal air
and snow temperature changes during the spring season leads to constant
microstructural variations vertically, with formation of melt-refreeze layers, snow grain
metamorphism and most importantly (in this study context), changes in snow brine
volume from both the brine-wetted layers (omitted in the study) and slush layers
underneath. This significantly modifies the snow/slush dielectrics leading to ambigious
penetration of radar waves. Next, the paper uses reflection and scattering side by side
which needs to be corrected. Figure 5 for example uses snow reflection from surface,
volume and interfaces, but they are scattering processes than reflection. Next, with an
iceberg sitting grounded on seaice, double bounce scattering is the major contributor
from SAR imagery which also needs to be addressed. Next, the theoretical
interpretation of scattering mechanisms needs some modeling evidence to be
conclusive than speculative. But | also understand there are no in situ samples of snow
and slush from the site (or do you?). | understand the logistic difficulties to collect
samples from close to an iceberg due to risk of its tipping. But | feel, irrespective of that,
there are slush studies from past that could be used to 'less speculatively' interpret the
role of snow and slush on radar signatures. | also strongly suggest to remove 'dry snow'
from the paper as the temperatures are well above the dry snow thresholds.

We also thank the reviewer for this comment, which is very helpful for
improving the paper. Addressing point 1, we will revise the complexity of the
snowpack. Additionally, we will clarify the use of the terms "scattering" and
"reflection" throughout the text. We are aware of double bouncing as a
suggested mechanism for lake ice scattering by bubbles near the bottom
of lake ice, but believe that it is of limited significance here (which we will
discuss and justify in the revised version) as scattering in snow is much
more complicated.

Indeed, there are no in situ samples from the regions where we detected
slush, and the reviewer is correct in assuming that these could not be
collected due to the proximity to icebergs. We could only obtain a few
samples from the level show away from icebergs. Based on the results of
this study, however, we believe that in situ samples from these regions would
be highly valuable and should be included in future research.
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Regarding the suggestion to incorporate modeling studies and additional
literature references on slush over sea ice, we will review the relevant
literature and cite it where appropriate. We will also remove the term "dry
snow" from the paper and replace it with the term “fresh snow”, which we will
define to be most likely non-saline and not brine-wetted. However, we
consider robust modeling the snow response to radar waves beyond the
scope of our study but agree that such modeling represents promising future
directions.

c) Assumption of snow densities: The paper assumes an average snow
density of 0.38 = 0.06gcm-3. Well, with such a flooded snow volume, the assumption of
0.38is highly underestimated. Is it possible to conduct a quick sensitivity analysis to
use both dry snow density and slush density from literature to average them and redo
the snow thickness calculation (provided you consider slush also as a part of the snow
volume)? Also, Figure 4, the classified imagery is also not interpretive unless value
ranges are shown. For example, SAR backscatter showing 'low' and 'high' values can be
of any range correct? unless we show it. Also, instead of classifying scattering
mechanisms can Types 1 to 3, | suggest to use scattering from geophysical
interfaces/volume (e.g. air/snow, within-snow, slush etc etc), as using Types makes it
difficult for a future author to use them as a proper terminology. Makes sense?

These are my major comments for now. Like | said, the paper is novel but needs
considerable changes with respect to my concerns. | am sure the manuscript can be
considerably improved if you think about these changes (or defend).

We agree with the reviewer that the snow density for snowpacks containing
slush is underestimated. However, we would like to point out that the effect of
the higher density of slush is minor, as the top surface of the slush already
represents the reflection, and we expect little backscatter within the slush
due to strong attenuation. We would therefore disagree with the reviewer in
the sense that—as the reviewer points out—we do not consider slush as part
of the volume through which the radar waves we measure propagate, except
possibly for a few centimeters, i.e., the volume where depolarization occurs.
Instead, we would argue that the regions where we detect slush also exhibit
greater snow thickness. The reference measurements in the literature were
conducted for snow thicknesses of less than one meter, whereas the regions
where we detect slush have snow thicknesses of several meters. This results
in greater compaction and, consequently, increased density. As a result, show
thickness is overestimated in these areas—a point we already address in line
291, which also explains the apparent downbending of the reflection in Figure
5c.
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If we were to use the average density of dry snow and slush for the entire study
area, as suggested by the reviewer, we would underestimate snow thickness
in areas without slush, which constitute the majority of the study area. In the
revision of our article, however, we will discuss the issue of higher density in
regions with slush in greater detail.

For Figure 4, we will display the full value ranges of the colormaps, and we
agree with the reviewer that we should have done so from the beginning.

We also agree with the reviewer that it is more appropriate to rename the
classification of Types 1-3 as geophysical interfaces/volumes. Thank you for
raising this point.
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