General comment:

The paper from Kaushik et al. presents a study on ice aprons (IAs), very small ice bodies located
on the steep slopes of the Mont Blanc massif. They inventoried 200 of these ice bodies at
different time intervals (from 1952 to 2019), assessing the changes in their surface area in
relation to various topographic parameters and to accumulation and ablation proxies
constructed using air temperature and precipitation data.

The paper presents new data and is a valuable contribution to the knowledge of a still unknown
component of the Alpine cryosphere.

The main findings of the work are the greater surface loss observed in the last two decades
compared to previous periods, the impact of climate forcings on this loss, and the strong
correlation between surface loss and parameters such as direct solar radiation and elevation.

The introduction is adequate and well supported by references, also considering that there are
no previous studies on this type of ice features.

The used data and methods are well described, and accuracy and uncertainty are properly
evaluated.

Results are mostly well presented and sufficient to support the interpretations. However, to
improve clarity and linearity, the authors should consider separating the results and discussion
into two distinct sections. In some cases, the discussion could be more thorough, considering
more adequately alternative hypotheses such as the role of avalanching in the dynamics of the
investigated ice bodies (see "specific comments").

| also emphasized the need to carefully separate the results concerning this study from those
concerning previous studies conducted by the same authors (see "minor comments").

Figures are adequate in number and generally well made. However, some figures need
improvements (see "minor comments").

The two main issues that arose from reading the paper are reported below (specific comments),
whereas a number of minor/technical issues are listed in the last section (minor
comments/technical corrections).

As an overall assessment, in my opinion the article is suitable for the scope of The Cryosphere
and can be considered for publication after making minor revisions.

REPLY:

Dear reviewer, firstly, we would like to thank you for such a rigorous review, highlighting our
manuscript's importance and suggesting valuable inputs to improve the manuscript further. We
are sure your comments will improve the quality and readability of our manuscript. We will try
to incorporate your suggestions in all possible means to advance our manuscript.



Just to answer one suggestion you have here regarding separating the results and discussion
sections to improve the clarity and linearity of the manuscript. We totally agree with this
suggestion. We will have a separate discussion and results section in our revised manuscript to
improve its readability.

Below you will find attached our reply to your specific and minor/technical comments. We thank
you again in advance for reading our replies and also reviewing the revised manuscript if the
editor deems it suitable.

Specific comments:

Accumulation and ablation processes on IAs can be very complex and, among the factors that
determine their existence and evolution, the avalanche contribution has not, in my opinion,
been adequately considered and discussed by the authors. The role of avalanches in the
dynamics of these very small ice bodies can be crucial, as these processes can accumulate or
remove large amount of snow from their surface in a way that is partially decoupled from the
regional climatic conditions (i.e., air temperature and precipitation), and strongly related to
the local topography and wind. I'm aware that is rather hard to estimate/model the avalanche
activity on IAs, however, the authors can evaluate the use of a simple approach like that
proposed by Hughes (2008) and adopted also in Carturan et al., 2013.

REPLY:

- Dear reviewer, thanks a lot for this suggestion. We completely agree with you that the
role of avalanches could be crucial in the ablation and accumulation of snow from IAs
surfaces; however, we believe this is extremely difficult to estimate/model considering
the small size of the IAs. This challenging but interesting topic could form the next topic
of our research. Since our paper is already extremely long, with all due respect to your
suggestion, we feel this may be out of scope for this article.

We can, however, highlight this point as a potential limitation/shortcoming of our study
and something our future research can focus on.

It seems that in the abstract and along the manuscript the terms "climate forcing parameters"”,
"meteorological parameters" and "climatic factors" are used interchangeably. In my opinion,
these terms should be used more properly, because they do not have the same meaning. |
suggest the authors to justify why they use these different definitions or, alternatively, be

consistent in using only one of them.



REPLY:

Dear reviewer, thank you so much for raising this issue. We agree that the use of different
terminologies can be very confusing for the readers. In order to avoid confusion, as suggested by
you, we will use just one terminology, i.e. 'meteorological parameters', throughout the
manuscript since this term also occurs in the manuscript title. We will also ensure that the
terminology is well explained in the introduction to avoid any confusion for the readers.

Minor comments/technical corrections:

L 157 (section 3): check consistency in the use of verb tenses along this section (present vs past
tense); | would prefer the use of past tense.

- Thank you so much for your suggestion. We will rewrite this section in the revised
manuscript using only the past tense.

L 161 (section 3.1): this section could be shortened, as the procedure followed to create and
co-register the 2019 DEM from Pleiades images has already been thoroughly described in
Kaushik et al. 2021; here, it would be adequate to cite this paper and summarize the
description.

- We agree with your suggestion. We will shorten this section and cite our previously
published article to avoid any significant overlaps.

L 180-181: could you give here more information on the 2m DEM used for co-registration? (e.g.,
spatial extent and location of the area used to perform the procedure).

- The LiDAR DEM used for co-registration was acquired for an 8 * 2.5 km area around the
Argentiere glacier. We will add this information also to the manuscript.

L 182: outlines instead of contours.

L 188: check whether acronyms were written out in full the first time they were used (e.g.,
MARST).

- We will consider both these issues and make necessary changes to the revised
manuscript.



L 191 (section 3.2): after reading this section, it is not clear which images were actually used in
the study; please, try to be clearer and check consistency with table 1.

L 195: check the consistency of the resolution of 1952 and 2001 images with that reported in
table 1.

- Dear reviewer, for 1952 and 2001, our mapping exercise relied only on the ortho-images
for these two periods since high-resolution images from any other source were
unavailable. For 2012 and 2019, we had data from multiple sources (Pleiades, SPOT and
ortho-images, Sentinel 2), but we utilized a combination of Pleiades and SPOT 6 XS images
for mapping the |As boundaries, with further validation conducted using the orthoimages.
We will make this point explicitly clear in our texts for section 3.2. We will further check
the consistency of the resolutions mentioned in the text with table 1.

L 216 (section 3.3): In my opinion, this important section should be clarified, because there is
some confusion between what was done in a previous study (i.e., Guillet and Ravanel, 2020)
and what was done in this study.

More specifically, L 227 to L 247 refer to the previous study (conducted on 6 IAs), and in
particular to the correlation between GSB and AdM, which was used to extend the Adm record
over time. In this study (L 248 — L 264), the SAFRAN dataset was used, and a similar correlation
with GSB was used to extend this dataset back in time (from 1958 to 1952). Then, the full
SAFRAN dataset was extrapolated to the elevation belts considered in this study.

Try to clarify these points by clearly separating what was done in Guillet and Ravanel, 2020 and
what was done for this study.

- Dear reviewer, after reading this complex section, we agree with our comment that there
is a need to separate this section in order to distinctly separate the previous work from
our work. We will work on this section and make two separate paragraphs about to clearly
define and separate our work from the previous work.

To clear up your confusion, two datasets were used for our analysis. The first comparison
was made using transformed AdM data (the results of which are presented in figure 11a).
This is the dataset also used by Guillet et.al 2021 for their analysis. We call it the
transformed AdM dataset because data from AdM station is available only from 2007, so
a linear relationship was established with the GSB data to extend it in the past. Using this
relationship, all the GSB data was converted to AdM data (maybe the correct term here
could transformed GSB data rather than transformed AdM data). The limitation of this
dataset is that we use data recorded for just one elevation (3840 m a.s.l.) and apply the
to built a model for the entire massif. But the spread of our IAs ranges from 2604 to 4500
m a.s.l. Further precipitation values are not available from the AdM weather station, so



Guillet et.al, 2021 used the precipitation values from the GSB station and applied them to
build their proxies for the entire MBM. Since the previous study relied only on 6 IAs, the
uncertainty in the estimation was most likely not observed.

However, in our case, we work with a large inventory of 200 |As spread at different
elevations and aspects throughout the massif. This uncertainty could have been
significant in our case. So, to avoid this uncertainty, we used the SAFRAN datasets, which
provide modelled temperature and precipitation data at every 300 m elevation bands for
the entire massif. The problem we encountered with the SAFRAN dataset was that this
dataset starts from 1958, but our first observation date was in 1952. So in order to extend
our datasets, we also used the GSB data and built a linear relationship with the SAFRAN
data (we used the SAFRAN temperature modelled at 2400 m a.s.| to match the elevation
of GSB station). After this, we transformed our SAFRAN data using this linear relationship
for 1As at 2400 m a.s.l., and then used an elevation gradient of -0.53 0C/100 m. This figure
was taken from previous studies by Magnin et.al, 2015. Precipitation does not show any
linear trend, so we used the same precipitation values as taken from the GSB data for all
the elevation bands from 1952 to 1958.

Figure 11 a and b show the improvement in the model-based estimate between both
methods, where we observed an r-value of 0.73 with the first data (used by Guillet et
al.,2021) and an r-value of 0.86 with our data and method.

L 231: located instead of present.

We noted this correction.

L 278 — 279: the 2001 image is from July, not exactly the end of the ablation season; could a
possible overestimation of the IAs extent for that year be considered?

We agree that this can lead to a certain degree of overestimation, which will be hard to
estimate since we do not have high-resolution images from this period from any other
source for comparison. The thing that works in our favour; the images were acquired at
the end of July, and looking at the amount of fresh snow remaining on the exposed rock
faces, it is inevitable that the temperatures were relatively high this year. The weather
records further corroborate this for 2001. This mitigates the risk of overestimation in
mapping to a certain extent.

L 312: a parenthesis is missed after the exponent of the second term (©).

We noted this correction.

L 299-302: this introductive part could be shortened or omitted.



- We shortened the introductory lines from this section as per your suggestion.

L 345-346: this sentence is not clear, try to rephrase.

- We noted this suggestion; we will rephrase this sentence in the revised manuscript.

L 393-394: are 'erosion’ and 'deposition’ here referring to snow or to the avalanche activity?
Please clarify.

- Both the terms mentioned here refer to snow. We will make it clear in our text to avoid
any further confusion.

L 405: why is AdM weather record cited here? From section 3.3 one can understand that GSB
record was used along with SAFRAN dataset, at least in this work. See comments for section
3.3 and try to clarify.

- The same comment as for section 3.3.

L 406: Sect. 3.3?

- Correction noted.

L 418: please, clarify what does it mean "annual temperature cycle".

- The term 'annual temperature cycle' in our case refers to monthly mean temperatures
estimated in °C for an entire year. We will clarify this further in the text corresponding to
this term to avoid ambiguity.

L 449: equation (8)

- Correction noted.

L 465: check the consistency of the section numbers (e.g., DEM generation is described in sec.
3.1).

- Thanks for pointing this out. We will check section numbers thoroughly for this particular line
and the entire manuscript.



L 469: ...better to use "of the same surface" instead of "area".

- Suggestion noted and incorporated.

L 473-475: check for some repetitions here. (e.g., L 470).
- The following text has been rewritten to avoid repetitions.

L 485 (section 5.1): as with the comments in section 3.1, the text could also be summarized
here, referring to what is reported in Kaushik et al. 2021, where the procedure is adequately
described. In my opinion, the figures referring to this section (Fig. 6 and 7) should also be
somewhat differentiated from those of Kaushik et al. 2021; perhaps the comment to the Fig. 6
might help (see below).

Alternatively, this part (section 5.1) could be summarized and included in a section of chapter
4 where an overall estimation of errors and uncertainties are provided, e.g. merged with the
section 4.5.

- Thanks a lot for this suggestion. We will summarize this section and cite our previous
paper to shorten this section only detailing the essential information. We also agree with
your suggestion that the images can be differentiated somewhat from our previous
paper. We will also try to incorporate your suggestions for figure 6.

L 535: add reference to Guillet and Ravanel (2020) instead of reference to the section 3.3.
L 538: located instead of present.

- Suggestions noted.

L 548: add a citation for this estimate.

- We added Rabatel et al. 2013 as a citation for this estimate.
Rabatel, A., Letréguilly, A., Dedieu, J.-P., and Eckert, N.: Changes in glacier equilibrium-
line altitude in the western Alps from 1984 to 2010: evaluation by remote sensing and
modeling of the morpho-topographic and climate controls, The Cryosphere, 7, 1455—
1471, https://doi.org/10.5194/tc-7-1455-2013, 2013.

L 550: exist at...

- Suggestion noted.



L 550: The reader remains a bit confused here. These numbers refer to the whole inventory of
IAs (n=423), which is provided in Kaushik et al., 2021. However, only 200 IAs were considered
in this work, i.e., a sub-sample of the complete inventory.

I would suggest being clearer, carefully distinguishing here and in the following part of the
paragraph what refers to the previous work (with the full inventory) and what refers to the
present work. Are the correlations similar when considering the full inventory and the sub-
sample? Are there differences?

- Dear reviewer, thanks for pointing out this critical issue. It is true that we have used a sub-
sample inventory (n. 200) of the complete inventory (n. 423) for our comparison with
meteorological and topographic parameters. The reason why we could not use the entire
inventory stems from the fact that we were limited with data available for the years 1952
and 2001. We are limited to just one set of images for these time periods. Although the
orthoimages are of considerably good quality and resolution, as with optical images,
especially on steep slopes, the images suffer from shadow and illumination issues which
can create uncertainty in our mapping estimates.

Thus, after careful observation, we only selected the best IAs where we were certain
about the precision of mapping, so we get a fair estimate of the correlation with
meteorological and topographic parameters.

However, as an important note, we also feel it is essential to report the uncertainty in our
estimates for the total area of 1As, considering the complete inventory for the years 1952
and 2001. We are very sure of our mapping accuracy for 2012 and 2019 as we had
alternate images for comparison. We will provide an uncertainty estimate (in +- % of the
total area) for the total area of |As estimated for 1952 and 2001.

As for the correlation statistics, we checked the same for the complete inventory, but
these correlations were comparatively lower for each parameter we considered,
especially for comparison with the 1952 and 2001 images. The correlations are quite
similar when we consider them between 2012 and 2019. This proved that the uncertainty
was much higher for mapping with the older images.

To clarify this point, we will include a paragraph detailing this difficulty in the revised
manuscript to remove any confusion the reader would have.

L 559: the reference is to Fig. 10d; in general, check the consistency between the text and the
sequence of plots in Fig. 10.-

- Thanks for pointing this out. We will thoroughly check this section's text and reference to
the images.



L 600-602: | do not find in section 4.2 what is stated here.

- We added a statement in section 4.2 with reference from literature to justify the sentence
here.

L 604: Lopez et al., 2009 not reported in the reference list.

- We will add this reference to the revised manuscript.

L 609: not consistent with introduction (IAs area smaller than 0.1 km?).

- Thanks for pointing this out. We will correct this.

L 610: Lopez et al., 2010 not reported in the reference list.

L 618: show the trends in Fig. 11.

L 665: in order to instead of better to?

L 680: IAs.

L 683: IAs.

L 680-682 and 683-685: rephrase these sentences avoiding repetitions.

- Thanks for pointing out these corrections and your suggestion regarding L 680-682. We
will incorporate these suggestions in the revised manuscript.

Comments to figures and captions:

General comment to figures: check consistency between the figures regarding the font used
for labels, numbers, and letters, etc.

- Thanks a lot for this overall comment. We will check all images in detail and redraw them
if necessary to have consistency between all the images.

Fig. 1

I suggest using black squares to indicate the correct location of the two towns shown on the
map. (i.e. Chamonix and Courmayeur).



The blue labels are not clearly visible, try changing the colour.
For scale and north arrow: leave some space between the frame and the graphic item.

- We will redraw this image as per your suggestions.

Fig. 3 and Fig. 4
Some labels should be enlarged to improve readability.

- We will incorporate your suggestions regarding both images.
Fig. 5

| suggest combining the four figures into a composite one, using the north arrow and legend
only once.

The scale and coordinate labels should be enlarged.
Be consistent with Fig. 1 in the type of north arrow used.
The year of the orthophotos used as background should be reported.

- Thanks a lot for your suggestions regarding this figure. We will incorporate all your
suggestions regarding this image in the revised manuscript.

Fig. 6
The same suggestion as Fig. 5: should be combined into a composite figure.
Add north arrow.
- Suggestion noted. We will redraw this image.
Fig. 10
The seven plots should be of the same size.
Some labels should be enlarged, and the size should be the same among the plots.
The legend could only be used once if the graphs were combined in a composite figure.

- Thanks again for your suggestion. We will incorporate all the suggestions and build a new
composite figure.

Fig. 11
Check the label: Temperature (°C).

Some labels should be enlarged.



- Suggestion and correction noted. We will change this.
Fig. 12

The two plots could be combined in a composite figure, using the legend once, the same size
of the frames and the same scale for the x-axis.

Figure caption: "Correlation between the mean normalized measured and modelled surface
areas

- Suggestion duly noted. We will try to combine both images in a composite image and
modify the figure caption.



