Response to reviewer #1

General comments:
Reviewer #1, comment #1:

However, the relations for winter mass balances the authors try to look for are not really obvious as
they are not based on the same processes. Winter balance is mainly influenced by accumulation of solid
precipitation and it is in whole paper not clearly stated why winter albedo should have a correlation to
accumulation. With the MODIS sensor, it is possible to detect the albedo but never the amount of
accumulation, which is the most important variable for winter surface mass balance. It is also clear and
the authors mention that correctly in their paper that for larger glaciers (such as Mer de Glace and
Glacier d’Argentiéere) the correlation of integrated albedo is increasing. This is obvious as these glaciers
in general have a different behaviour of accumulation than smaller glaciers. Especially in maritime
environments one have sometimes even during the accumulation period strongly varying albedo
because lower parts of the glaciers show more variability concerning the change between melt and
accumulation. Therefore, it can be assumed that the method developed by the authors probably work
better in maritime areas than in continental ones. For the small glaciers they introduced a threshold
albedo, which varies with each glacier. Thanks to this threshold, they found higher correlations for two
of the small glaciers like Saint-Sorlin and Talefére. However, as they state by themselves in the
conclusion section: ’. . . but albedo thresholds seem to maximize artificially the correlation between
winter SMB and winter integrated surface albedo’. Therefore, the approach is not really suited for the
winter mass balance and it is strongly recommended that the authors remove the part related to the
winter mass balance in their paper as it is not really related to any substantial processes, which they
can capture with their method. It would make the paper much more concise, shorter and more reader
friendly.

Authors reply:
The potential of winter surface albedo to be a proxy of the winter surface mass balance (SMB) has
been first introduced, with success, by Sirguey et al. (2016), using an albedo threshold to improve the
correlation between winter integrated albedo and winter SMB. One of the conclusions of Sirguey et al.
study was on the ability of such an approach to monitor the frequency of snowfall events, themselves
proxy of the accumulation of snow on the glacier.
As you notify in your comment, one of the main conclusion of our study refutes the use of the winter
integrated albedo as a proxy of the winter SMB using a constant albedo threshold at regional scale.
Then, we agree with your suggestion to shorten the paper and will remove the part of the manuscript
focusing on the relation between albedo and winter SMB:
-Method Sect. 3.3.2 will be modified by removing equations on winter detection.
-Section 4.3.3 will be removed.
-Section 5.3 will be removed and an assessment on the attempts/conclusions/perspectives on the
winter season will be added in Sect. 5.4 (“Limits of the albedo method”). We will also add in this
section that this method should not be definitively forsaken and as expressed in our conclusions, it can
be used as a void filling method for time series with missing SMB data.
-Other sentences related to winter detection in the rest of the manuscript will also be removed.

We will also add in the conclusion that: “monitoring winter glacier surface albedo may provide good
insights on the frequency of snow accumulation at the surface of the glacier but lacks in quantifying the
amount of accumulation.”

The comment on the importance of the size and type (maritime vs. continental) of studied glaciers is of
a great interest and will be added to the manuscript as a hypothesis of the different results between
Sirguey et al. (2016) and this study.



"Another difference between our study and Sirguey et al., 2016, is that their work focused only on
Brewster glacier, defined as maritime glacier. These types of glaciers, even during the accumulation
period can experience strong varying albedos in their lower reaches, which lead to similar behaviors in
winter as for Argentiere and Mer de Glace glaciers. An interesting perspective would be to apply the
method on a set of other maritime glaciers."

Sirguey, P., Still, H., Cullen, N. J.,, Dumont, M., Arnaud, Y., & Conway, J. P. (2016). Reconstructing the
mass balance of Brewster Glacier, New Zealand, using MODIS-derived glacier-wide albedo. The
Cryosphere, 10(5), 2465—2484. https://doi.org/10.5194/tc-10-2465-2016

Specific comments:

Reviewer #1, comment #2:
Introduction: General: the authors are citing a lot of their own work. It would be appropriate to
acknowledge also the international literature about albedo such as the work done by Klok, Knap,
Painter, Pope and Takeuchi.

Authors reply:
We will take into consideration the studies mentioned by Reviewer #1 and add them into the
manuscript when justified. Other references will also be added to answer your comment #3, #4, #5
and one comment of Reviewer #2. Below is a list of references that will be added in the introduction of
new version of the manuscript.

International literature about albedo will be added:

Greuell, W. and Knap, W. H.: Remote sensing of the albedo and detection of the slush line on the
Greenland ice sheet, J. Geophys. Res. Atmospheres, 105(D12), 15567—15576, 2000.

Greuell, W., Kohler, J., Obleitner, F., Glowacki, P., Melvold, K., Bernsen, E. and Oerlemans, J.:
Assessment of interannual variations in the surface mass balance of 18 Svalbard glaciers from the
Moderate Resolution Imaging Spectroradiometer/Terra albedo product, J. Geophys. Res. Atmospheres,
112, D0O7105/1null, 2007.

Shea, J. M., Menounos, B., Moore, R. D. and Tennant, C.: An approach to derive regional snow lines and
glacier mass change from MODIS imagery, western North America, The Cryosphere, 7(2), 667—680,
doi:10.5194/tc-7-667-2013, 2013.

To expand the referenced study on the snow map method, this reference will be added to the
manuscript:

Chaponniere, A., Maisongrande, P., Duchemin, B., Hanich, L., Boulet, G., Escadafal, R. and Elouaddat,
S.: A combined high and low spatial resolution approach for mapping snow covered areas in the Atlas
mountains, Int. J. Remote Sens., 26(13), 2755-2777, 2005.

As a complement of the quoted studies on the ELA method, following references will be added:

Braithwaite, R. J.: Can the Mass Balance of a Glacier be Estimated from its Equilibrium-Line Altitude?, J.
Glaciol., 30(106), 364-368, doi:10.1017/50022143000006237, 1984.

Chinn, T. J., Heydenrych, C. and Salinger, M. J.: Use of the ELA as a practical method of monitoring




glacier response to climate in New Zealand’s Southern Alps, J. Glaciol., 51(172), 85-95, 2005.

Mernild, S. H., Pelto, M., Malmros, J. K., Yde, J. C., Knudsen, N. T. and Hanna, E.: Identification of snow
ablation rate, ELA, AAR and net mass balance using transient snowline variations on two Arctic
glaciers, J. Glaciol., 59(216), 649-659, 2013.

Shea, J. M., Menounos, B., Moore, R. D. and Tennant, C.: An approach to derive regional snow lines and
glacier mass change from MODIS imagery, western North America, The Cryosphere, 7(2), 667—680,
doi:10.5194/tc-7-667-2013, 2013.

Additional literature will be added for studies relying on differencing digital elevation models to
retrieve glacier SMB:

Belart, J. M. C., Berthier, E., Magnusson, E., Anderson, L. S., Pdlsson, F., Thorsteinsson, T., Howat, |. M.,
Adalgeirsdottir, G., Johannesson, T. and Jarosch, A. H.: Winter mass balance of Drangajékull ice cap
(NW Iceland) derived from satellite sub-meter stereo images, The Cryosphere, 11(3), 1501-1517,
doi:10.5194/tc-11-1501-2017, 2017.

Ragettli, S., Bolch, T. and Pellicciotti, F.: Heterogeneous glacier thinning patterns over the last 40 years
in Langtang Himal, Nepal, The Cryosphere, 10(5), 2075—2097, doi:10.5194/tc-10-2075-2016, 2016.

Shean, D. E., Alexandrov, O., Moratto, Z. M., Smith, B. E., Joughin, I. R., Porter, C. and Morin, P.: An
automated, open-source pipeline for mass production of digital elevation models (DEMs) from very-
high-resolution commercial stereo satellite imagery, ISPRS J. Photogramm. Remote Sens., 116, 101—
117, doi:10.1016/].isprsjprs.2016.03.012, 2016.

Finally, international literature will be added about review studies on available methods to derive
glacier SMIB from remote sensing data:

Kddb, A., Huggel, C., Fischer, L., Guex, S., Paul, F., Roer, I., Salzmann, N., Schlaefli, S., Schmutz, K.,
Schneider, D., Strozzi, T. and Weidmann, Y.: Remote sensing of glacier- and permafrost-related hazards
in high mountains: an overview, Nat Hazards Earth Syst Sci, 5(4), 527-554, doi:10.5194/nhess-5-527-
2005, 2005.

Rabatel, A., Sirguey, P., Drolon, V., Maisongrande, P., Arnaud, Y., Berthier, E., Davaze, L., Dedieu, J.-P.
and Dumont, M.: Annual and Seasonal Glacier-Wide Surface Mass Balance Quantified from Changes in
Glacier Surface State: A Review on Existing Methods Using Optical Satellite Imagery, Remote Sens.,
9(5), 507, doi:10.3390/rs9050507, 2017.

Racoviteanu, A. E., Williams, M. W. and Barry, R. G.: Optical Remote Sensing of Glacier Characteristics:
A Review with Focus on the Himalaya, Sensors, 8(5), 3355—3383, doi:10.3390/58053355, 2008.

Reviewer #1, comment #3:

Line 47: add before the references e.qg.

Authors reply:
This has been changed. According to your comment #2 and #4 we will enrich some of the referenced
studies.
“.. to sea level rise (e.q. Church et al., 2013; Gardner et al., 2013, Jacob et al., 2012).”




Church, J. A., Clark, P. U., Cazenave, A., Gregory, J. M., Jevrejeva, S., Levermann, A., Merrifield, M., Milne,
G., Nerem, R., Nunn, P. and others: Sea level change, Clim. Change 2013 Phys. Sci. Basis Work. Group
Contrib. Fifth Assess. Rep. Intergov. Panel Clim. Change, 1137-1216, doi:10.1088/1748-
9326/8/1/014051, 2013.

Gardner, A. S., Moholdt, G., Cogley, J. G., Wouters, B., Arendt, A. A.,, Wahr, J., Berthier, E., Hock, R.,
Pfeffer, W. T., Kaser, G., Ligtenberg, S. R. M., Bolch, T., Sharp, M. J., Hagen, J. O., Broeke, M. R. van den
and Paul, F.: A Reconciled Estimate of Glacier Contributions to Sea Level Rise: 2003 to 2009, Science,
340(6134), 852-857, doi:10.1126/science.1234532, 2013.

Jacob, T., Wahr, J., Pfeffer, W. T. and Swenson, S.: Recent contributions of glaciers and ice caps to sea
level rise, Nature, 482(7386), 514—518, doi:10.1038/naturel0847, 2012.

Reviewer #1, comment #4:

Line 49: this is not a very representative list of literature, please add more relevant literature here!

Authors reply:
References will be changed for “(Baraer et al., 2012; Chen and Ohmura, 1990; Immerzeel et al., 2010;
Kaser et al., 2010; Sorg et al., 2012)”

Baraer, M., Mark, B. G., Mckenzie, J. M., Condom, T., Bury, J., Huh, K.-l., Portocarrero, C., Gomez, J. and
Rathay, S.: Glacier recession and water resources in Peru’s Cordillera Blanca, J. Glaciol., 58(207), 134—
150, 2012.

Chen, J. and Ohmura, A.: Estimation of Alpine glacier water resources and their change since the 1870s,
IAHS Publ, 193, 127-135, 1990.

Immerzeel, W. W., Beek, L. P. H. van and Bierkens, M. F. P.: Climate Change Will Affect the Asian Water
Towers, Science, 328(5984), 1382—1385, doi:10.1126/science.1183188, 2010.

Kaser, G., Grosshauser, M. and Marzeion, B.: Contribution potential of glaciers to water availability in
different climate regimes, Proc. Natl. Acad. Sci., 107, 20223-20227, doi:10.1073/pnas.1008162107,
2010.

Sorg, A., Bolch, T., Stoffel, M., Solomina, O. and Beniston, M.: Climate change impacts on glaciers and
runoff in Tien Shan (Central Asia), Nat. Clim. Change, 2(10), 725—-731, doi:10.1038/nclimate1592, 2012.

Reviewer #1, comment #5:

Line 51: Stocker 2013 is not a very good reference at this place of the introduction section. Please add
relevant literature which is more specific for the content of your sentence.
Authors reply:

We will also cite the work of “Dyurgerov and Meier, 2000; Haeberli and Beniston, 1998; Oerlemans,
1994; Oerlemans, 2001” for the line 51-54.

Dyurgerov, M. B. and Meier, M. F.: Twentieth century climate change: Evidence from small glaciers,
Proc. Natl. Acad. Sci., 97(4), 1406—1411, doi:10.1073/pnas.97.4.1406, 2000.

Haeberli, W. and Beniston, M.: Climate Change and Its Impacts on Glaciers and Permafrost in the Alps,
Ambio, 27(4), 258-265, 1998.




Oerlemans: Glaciers and Climate Change, Balkema. [online] Available from:
http://dspace.library.uu.nl/handle/1874/22045 (Accessed 13 July 2017), 2001.

Oerlemans, J.: Quantifying Global Warming from the Retreat of Glaciers, Science, 264(5156), 243245,
1994.

Reviewer #1, comment #6:

Line 55: Sort countries in brackets alphabetically

Authors reply:
Countries will be sorted alphabetically.
“le.q., France, Norway, Sweden, Switzerland)”

Reviewer #1, comment #7:

Line 57: replace ‘little’ by ‘small’

Authors reply:
Your remark will be considered.
“However, this represents only a small sample of the nearly 250,000 inventoried glaciers ...”

Reviewer #1, comment #8:

Line 64: insert ‘To reach this aim (maybe replace by objective) . . .

Authors reply:
Indeed, this will be corrected.
“To reach this objective, the development of ...”

Reviewer #1, comment #9:

Line 81: However, this method is still the best one can do and your method is also based on calibration -
> therefore this is a very weak reasoning for your method! Please delete this sentence!

Authors reply:
This sentence will be deleted in the new version of the manuscript.

Reviewer #1, comment #10:

Line 115: but this is in fact a very strong reduction in the number of available glaciers and it reduces the
representativeness of the application of the method. Therefore, it is not a very good argument against
the study of Drolon et al 2016 mentioned on line 80

Authors reply:

According to the comment #9, sentence line 81 will be removed.

The aim of this study is to validate the method of Sirguey et al. (2016) at both regional and seasonal
scale before applying it to unmonitored glaciers. We agree that criteria (i) and (iv) are very reductive
conditions but mandatory at a validation stage of the method. Critera (ii) could be relaxed by using a
higher resolution sensor than MODIS and criteria (iii) is intrinsic at the detection method itself
(observation of snow/ice evolution at the surface of a glacier between 0.459 and 14.385 um).

Studied glaciers have been selected following four criteria related to the availability of field data and
remote sensing constraints, namely: (i) the annual glacier-wide SMB for the study period had to be
available; (ii) the glacier surface area had to be wide enough to allow robust multi-pixel analysis; (iii)
the glacier had to be predominantly free of debris to allow remotely-sensed observations of the albedo
of snow and ice surfaces; and (iv) seasonal SMB records had to be available to consider seasonal



variability.
Sirguey, P., Still, H., Cullen, N. J.,, Dumont, M., Arnaud, Y., & Conway, J. P. (2016). Reconstructing the

mass balance of Brewster Glacier, New Zealand, using MODIS-derived glacier-wide albedo. The
Cryosphere, 10(5), 2465—-2484. https://doi.org/10.5194/tc-10-2465-2016

Reviewer #1, comment #11:

Line 154: why not using the individual values to estimate better the uncertainties?

Authors reply:
We decided to average the available mass balance datasets together to be able to derive for each
glacier a single relationship SMB - albedo. Finally, we did not assess the difference in between
considered datasets because these differences have been investigated by Rabatel et al. (2016).
These sentences will be added in the new version of the manuscript:

"For the six glaciers where glacier-wide annual SMB are available from the two methods, i.e.,
in situ and satellite measurements, the average of the two estimates was used to calibrate and
evaluate the albedo method, in order to derive for each glacier a single relationship SMB vs.
computed albedo. We did not assess the difference in between considered datasets because
these differences have been investigated by Rabatel et al. (2016)."

Rabatel, A., Dedieu, J. P. and Vincent, C.: Spatio-temporal changes in glacier-wide mass balance
quantified by optical remote sensing on 30 glaciers in the French Alps for the period 1983-2014, J.
Glaciol., 62(236), 1153—-1166, d0i:10.1017/jog.2016.113, 2016.

Reviewer #1, comment #12:

Line 177: Sentence misses a verb!

Authors reply:
We will add a verb to this sentence.
“The MODImLab toolbox also produces sensor geometrical characteristics...”

Reviewer #1, comment #13:

Line 230: Sentence is not clear, please clarify!

Authors reply:
This will be done as follow: “Only computed o, occuring in summer have been considered because
minimum values out of summer are most likely artifacts.”

Reviewer #1, comment #14:

Line 237: What happens if you have strong summer snow fall events?
Authors reply:
As no albedo thresholds are used for the summer detection, integrated summer albedo accounts also
for snowfall events (punctual high albedos). As an example, a strong summer snow fall event leading to
a rather persistent snow coverage of the glacier would 'feed' the integrated albedo and will significantly
reduces the glacier melting, which has an impact on the SMB (Oerlemans and Klok, 2004). The method
therefore accounts for snowfall event to retrieve the glacier SMB.

This example will be added to the manuscript:

Integrated summer albedo accounts also for snowfall events (punctual high albedos). As an example, a




strong summer snow fall event leading to a rather persistent snow coverage of the glacier would 'feed’

the integrated albedo, and will physically reduces the glacier melting, which has an impact on the SMB

(Oerlemans and Klok, 2004). The method therefore accounts for snowfall events to retrieve the glacier
SMB.

Oerlemans, J., & Klok, E. J. (2004). Effect of summer snowfall on glacier mass balance. Annals of
Glaciology, 38, 97-100. https://doi.org/10.3189/172756404781815158

Reviewer #1, comment #15:

Line 276-277: is good but contradicts a little bit the objective mentioned in abstract and introduction at
the beginning! You want to do it simple but then you agree that it is laborious?

Authors reply:
The word laborious will be changed as follows: “This last step, although meticulous ...”

Reviewer #1, comment #16:
Line 333: and MODIS does not see these areas?

Authors reply:
Yes MODIS sees these areas, but this method is only made to monitor the temporal evolution of glacier
surface albedo. The MODImLab toolbox is designed to only calculate albedo over snow or ice covered
area, because of brdf tables included within the toolbox (Dumont et al., 2011; 2012). Monitoring extra
glacial-feature would anyway introduce biased values in the glacier-wide albedo temporal evolution,
even if the toolbox could have managed accurate extra-glacial surface albedo computing.

Dumont, M., Sirguey, P., Arnaud, Y., & Six, D. (2011). Monitoring spatial and temporal variations of
surface albedo on Saint Sorlin Glacier (French Alps) using terrestrial photography. The Cryosphere,
5(3), 759-771. https://doi.org/10.5194/tc-5-759-2011

Dumont, M., Gardelle, J., Sirguey, P., Guillot, A., Six, D., Rabatel, A., & Arnaud, Y. (2012). Linking glacier
annual mass balance and glacier albedo retrieved from MODIS data. The Cryosphere, 6(6), 1527-1539.
https://doi.org/10.5194/tc-6-1527-2012

Reviewer #1, comment #17:

Line 341: why not selecting only one or two MODIS Pixels in flat parts and observing and comparing
these with the measurements and using then for evaluation?

Authors reply:
This filtering part of the albedo is made to avoid detection of extra-glacial feature due to large sensor

viewing angle. Comparison between single MODIS pixel and AWS measurement for validation has been
performed in the Sect. 4.1 of the results.

Reviewer #1, comment #18:

Line 381: Two main observations stand . . .

Authors reply:
The sentence will be rewritten according to your remark as follows: “Two main observations stand out
from the winter part...”




Reviewer #1, comment #19:

Line 401: use m as unit instead of cm!

Authors reply:
The unit cm will be replaced by m everywhere it is needed.

Reviewer #1, comment #20:

Line 430: However, this is important or not! | do not understand the justification within this chapter?

Authors reply:
According to your comment, this section will be re-formulated and simplified.
"Looking at the 27 glaciers for which significant relationships have been found, 2001 is reqularly
identified as an outlier. According to existing SMB datasets, 2001 is the only year of the period 2000-
2015 for which the annual SMB has been positive for all the studied glaciers (0.80 m w.e. yr' in
average).
To predict correctly the surface mass balance values for the year 2001 using the albedo method,
monitored minimum glacier-wide average albedo would need to be extremely high (often greater than
0.7, i.e. 0.83 and 0.95 for Rochemelon and Vallonnet glaciers, respectively), to match the regression line
derived from other years of the time series (Table 1). Taking into consideration snow metamorphism
during the summer period, melting at the surface and possible deposition of debris or dusts, monitoring
such high albedo values averaged at the glacier scale is unrealistic. As removing 2001 from the time
series does not increase the number of glaciers for which the correlation is significant, 2001 has been
conserved in the time series. However, this observation reveals a limitation of the albedo method by
under-estimating the annual SMB value for years with very positive annual SMB. "

Reviewer #1, comment #21:

Line 626: such as instead of such has

Authors reply:
The text will be corrected according to your remark: “.. linking morpho-topographic features of the
glacier such as glacier surface area, ...”

Reviewer #1, comment #22:
Line 632: see study of Machguth, H., Haeberli, W., and Paul, F., 2012, Mass-balance parameter derived
from a synthetic network of mass-balance glaciers: Journal of Glaciology, v. 58, no. 211, p. 965-979.
Authors reply:
Very interesting study. However, according to your main comment, we will remove all sections that

focus on the winter season and as a consequence, the sentence pointed out in this comment will be
also removed.




Response to reviewer #2: Dr. J. Dozier

General comments:
Reviewer #2, comment #1:

A lot of work has gone into this paper, but the presentation of the results is not satisfactory. The
measurement of albedo is rigorously and correctly done, following Dumont et al. (2012). However, the
statistical correlation analysis of the minimum summer albedo sweeps a lot of interesting processes
into it, and raises more questions. Specifically, how do the spatial and temporal variability of the albedo
affect the SMB? And how does the uncertainty in the albedo estimate relate to the uncertain in the
absorption, i.e. "1-a" , which is what we really want.
Therefore, a much stronger paper would result if instead you compute the absorbed solar radiation by
date, and integrate it over periods of interest. This calculation, perhaps called the radiative forcing in W
m-2, takes into account the variability on the glacier, along with the different glaciers’ exposure to the
incoming solar radiation. Painter has used this measure. Painter and his colleagues have used this
measure effectively to characterize the effects of dust on snow. You’ve already had to do much of the
work in order to compute the albedo values, so take the next step.

Authors reply:
Thank you for these suggestions. However, this study presents a validation (on several glaciers and
different climate conditions) of a new method proposed by Sirguey et al. (2016) to derive both annual
and seasonal surface mass balance (SMB) of individual glaciers at regional scale, by monitoring the
albedo cycle of the surface of the glacier. Focusing on the spatial and temporal variability of the
albedo, how it can affect the SMB or computing the surface energy balance, based on albedo
measurement from MODIS is of a great interest but deserve a whole study by itself.
We will however add a sentence in the conclusion of the new manuscript, mentioning a possible future
line of research with the datasets used in this study:
"As a line of future researches, MODIS archive together with processed albedos with MODImLab could
be used to compute an integrated daily absorbed solar radiation (Miller et al., 2016). This calculation
could then be included in a surface energy balance computation, providing insights into the impact of
the albedo variability on glacier SMB, especially in the melt season."

Furthermore, at the light of your suggestion, we admit that the title of the study can be confusing and
will be changed, in order to better represent the scope of the study: "Monitoring glacier albedo as a
proxy to derive summer and annual surface mass balances from optical remote-sensing data".

Sirguey, P., Still, H., Cullen, N. J.,, Dumont, M., Arnaud, Y., & Conway, J. P. (2016). Reconstructing the
mass balance of Brewster Glacier, New Zealand, using MODIS-derived glacier-wide albedo. The
Cryosphere, 10(5), 2465—-2484. https://doi.org/10.5194/tc-10-2465-2016

Miller, S. D., Wang, F., Burgess, A. B., McKenzie Skiles, S., Rogers, M. and Painter, T. H.: Satellite-Based
Estimation of Temporally Resolved Dust Radiative Forcing in Snow Cover, J. Hydrometeorol., 17(7),
1999-2011, doi:10.1175//JHM-D-15-0150.1, 2016.

Reviewer #2, comment #2:

| agree with Anonymous Referee #1, who questions the reliability of the analysis for the accumulation
phase of the annual glacier cycle, which is likely driven more by the winter snowfall. After all, there are
three ways to make a glacier shrink: darken it, starve it, or warm it. The analysis presented
concentrates on the darkening. Tying this into the radiation balance would strengthen the contribution.



Authors reply:

According to Anonymous Referee #1 confirmed by your comment, we will removed the part of the
study based on deriving winter SMB using the albedo proxy. The original purpose on focusing a part of
the study on the relationship between albedo and winter SMB is given in the reply to Anonymous
Referee #1 Comment #1.

As a complementary comment, the study does not focus on darkening but on the evolution of the
glacier-wide albedo at the surface of the glacier, proxy of both melting events (lowering of the albedo
because of a rising transient snowline) and accumulation events (abrupt rise of albedo after snowfall).
We did not focus on monitoring albedo change due to dust or metamorphism, which could be a
delicate topic according to the accuracy of sensors (Dumont et al., 2014) even if some corrections are
now processed within the new MODIS Collection 6 (Casey et al., 2017) and as you suggested, recent
studies have well performed such calculations on the impact of dusts on the snow albedo (Miller et al.,
2016).

Casey, K. A., Polashenski, C. M., Chen, J. and Tedesco, M.: Impact of MODIS sensor calibration updates
on Greenland ice sheet surface reflectance and albedo trends, Cryosphere Discuss, 2017, 1-24,
doi:10.5194/tc-2017-38, 2017.

Dumont, M., Brun, E., Picard, G., Michou, M., Libois, Q., Petit, J.-R., Geyer, M., Morin, S. and Josse, B.:
Contribution of light-absorbing impurities in snow to Greenland/’s darkening since 2009, Nat. Geosci.,
7(7), 509-512, doi:10.1038/nge02180, 2014.

Miller, S. D., Wang, F., Burgess, A. B., McKenzie Skiles, S., Rogers, M. and Painter, T. H.: Satellite-Based
Estimation of Temporally Resolved Dust Radiative Forcing in Snow Cover, J. Hydrometeorol., 17(7),
1999-2011, doi:10.1175//JHM-D-15-0150.1, 2016.

Reviewer #2, comment #3:

A nit of a comment concerns the statement on Lines 74-77. David Shean’s work using photogrammetry
from fine-resolution commercial sensors from DigitalGlobe shows much promise for interpreting
successive DEMs to understand glacier shrinking.

Authors reply:
This reference will be updated. "Several glacier surface properties have thus been used as proxies for

volume fluctuations: changes in surface elevation from differencing digital elevation models (DEM)
(e.q. Belart et al., 2017; Berthier et al., 2016; Gardelle et al., 2013; Ragettli et al., 2016; Shean et al.,

2016)"

Belart, J. M. C., Berthier, E., Magnusson, E., Anderson, L. S., Pdlsson, F., Thorsteinsson, T., Howat, |. M.,
Adalgeirsdottir, G., Johannesson, T. and Jarosch, A. H.: Winter mass balance of Drangajékull ice cap
(NW Iceland) derived from satellite sub-meter stereo images, The Cryosphere, 11(3), 1501-1517,
doi:10.5194/tc-11-1501-2017, 2017.
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