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There has been increasing interest in using ICESat-2 data for snow depth measurements
in mid-latitude locations. This manuscript analyzes the ICESat-2 ATL06 product for its
ability to retrieve snow depth in the Tuolumne Basin of California. ATL06 snow-on data is
compared to snow-off DEMs generated from ATL06, the Airborne Snow Observatory,
Pleiades, and the Copernicus-30 InSAR dataset. The authors found that snow depths were
generally most accurate when comparing ICESat-2 to ASO or Pleiades, though accuracy
deteriorates with increasing slope.

I do have a concern with the broader narrative that I think needs to be addressed. Early in
the text, it is mentioned that current airborne and spaceborne methods of retrieving snow
depth suffer from limited spatial and temporal coverage, and ICESat-2 is presented as an
alternative. However, the results make it clear that deriving snow depth from only
ICESat-2 data is currently impractical, so ICESat-2 snow depth coverage is limited by the
same issues as airborne/spaceborne methods. So, my questions are: currently, what are
the advantages to using ICESat-2 for snow depth retrievals? Will we get to a point where
we can reliably use the "IS2-IS2 DEM" method on a broader scale? I would be very
interested to see the authors' viewpoints.

Another concern: A paper was recently published by Enderlin et al., (2022) that covers
similar topics to this study. Namely, they conduct an investigation of ATL06/08 data over
mountainous regions, and they found snow depth uncertainties similar to this study. I do
not think a full comparison is necessary, but it would be important to highlight how this
study differs from Enderlin et al., (2022) (or builds upon it).

 

Minor Comments



Page 1, Line 13: “…and various snow-off elevation sources, including ATL06 snow-off data
and external digital elevation models.”

Page 1, Line 26: “catchment” --> “catchments”

Page 2, Lines 61-62: I suggest combining the last two sentences of this paragraph.

Page 2, Line 64: “…from the ICESat-2 ATL06 product”

Page 3, Line 77: What do we mean by “sparse”? For instance, could we reliably obtain
ATL06 data from mid-latitude snow catchments?

Page 4, Lines 117-118: I assume this is supposed to be the ICESat-2 elevation, but I still
suggest being specific. Also, why was a cutoff of 45° selected?

Page 4, Line 123: Just for clarity, the vertical shift is applied to the DEMs, not the ATL06
data?

Page 5, Line 139: NMAD is first introduced on Line 121, so I suggest moving this citation
there.

Page 5, Lines 141-144: Is it known if the DEM sources (ASO, Pleiades) have uncertainties
over slopes and vegetation? If so, then I suggest mentioning them here.

Page 6, Line 158: “photon” --> “photons”

Page 7, Lines 165-166: It would be nice to have a figure that shows the tree cover density
across the region of interest.

Page 8, Line 196: “w.e.” = water equivalent?



Page 9, Line 216: “i.e. as often done” is not needed.

Page 9, Section 3.5: I think it is important to note the substantially higher uncertainty in
the IS2-Pleiades measurements, especially for the 15 m retrievals.

Page 9, Lines 228-229: I suggest moving Figures S5 and S6 to the main text. The
difference in uncertainty between beam strengths is significant, and I would like to see the
authors’ interpretation of these figures.

Page 12, Lines 302-303: Based on the results, it appears that accurate ICESat-2 snow
depths are also limited to areas where DEMs are available (see major comments above).
It would be important to mention this in the Discussion.

Page 12, Line 305: “ALT06” --> “ATL06”

Figure 1: I have a few suggestions here. First, Figure 3 is essentially the same as Figure
1a, but it provides more information. I suggest replacing 1a with Figure 3, then
highlighting the March 2019 track on there.

Second, I’m not sure why 1b, 1c, and 1d are here. I think they would flow better with the
text if they were their own figure after Figure 2.

Third, there is a non-negligible number of negative ICESat-2 snow depths in 1c. I suggest
linking discussion of Figure 4 with the overall distribution of 1c. 

Figure 2: Interesting result! The titles of the plots need to be switched. Also, it is evident
that the photon count has a wide distribution in April and May, when there is still a
reasonable fraction of snow on the ground. Are there any concerns of misclassification of
ICESat-2 segments during the melting season?

Figure 3: The ICESat-2 lines could be thicker here – they are difficult to see even with the
magnification.

Figure 4. Please extend the y-axis limits for 4b, so that we can see the full extent of the
uncertainty. Same suggestion for 4i.



Also, it is interesting that IS2-ASO residuals become increasingly positive with slope,
whereas the IS2-Pleiades become negative. Any thoughts on why there is such a
difference between the two?

Figure S1: It would be nice to have a sample MODIS image or snow/no-snow map to get a
better idea of what the snow coverage looked like for the study period.
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