
The Cryosphere Discuss., referee comment RC1
https://doi.org/10.5194/tc-2021-136-RC1, 2021
© Author(s) 2021. This work is distributed under
the Creative Commons Attribution 4.0 License.

Comment on tc-2021-136
Anonymous Referee #1

Referee comment on "Recent observations of superimposed ice and snow ice on sea ice in
the northwestern Weddell Sea" by Stefanie Arndt et al., The Cryosphere Discuss.,
https://doi.org/10.5194/tc-2021-136-RC1, 2021

This paper presents in situ observations of superimposed ice and snow ice in sea ice cores
from the Weddell Sea, and attempts to place those results in the context of recent sea ice
variability and the potential for this variability to be connected with changes in surface
energy balance and melt, and if the superimposed ice and snow ice can provide an
indicator of these changes. Data such as these are rare, particularly for superimposed ice,
and as such are a valuable contribution and worth publishing in their own right, but the
authors go further to place these data in context of ongoing sea ice variability. While, this
analysis is necessarily fairly qualitative, it does add some interesting perspective on the
larger scale sea ice variability. The paper is well written and figures well-presented and
clear. I recommend publication with some fairly minor suggested changes.

 

Full disclosure - I was one of the reviewers of the orginal manuscript.  I am not sure if I
am the one who the authors suggest misunderstood their intent for how superimposed ice
and snow ice serve as climate indicator.  In any case, I did not recommend rejection. I
state that here so that it is clear that I did not believe there were any fatal weakness.
While I agreed with the authors that their ice core observations did not suggest any
significant change in surface melt that may have resulted from changes in surface forcing,
I recommended that they provide additional information on that forcing to corroborate this
result, since, despite the many studies suggesting potential drivers for recent sea ice
variability in this region, it was not clear that there was any evidence for atmospheric
forcing that would have caused increased surface melt. i.e. should we have actually
expected a change or not? They have now added this context and it supports the
interpretation of the in situ data, so my concerns have been mostly addressed.

I do think you could still be more clear what you believe the superimposed ice suggests
about sea ice and climate forcing variability. As your data and reanalysis show, there isn’t



really any difference among the three years you have in situ data in the forcing or melt
onset, so why would you expect any change in surface ice properties? Since neither your
data nor the forcing show any change, then it seems like speculation about possible
arctification is unwarranted. Nothing wrong with negative results, but this framing could
lead to possible confusion about what should we expect to be happening. What is
interesting, though, is that there do appear to be trends in melt onset and SIE until 2016,
when there is a dramatic decline in SIE, but not melt onset (nor in other surface forcing).
As that is consistent with your in situ data, this all suggests that the drivers of this recent
change were through the ocean. You do say this, so I agree with your interpretation. But I
think some slight changes to the text (maybe just a few sentences) could help make this
more clear what conclusions are supported by the data, and what are not. (see more on
this in comments below)

Detailed comments:

Note: line numbers did not print out in full on the pdf (first digit missing for 3-digit
numbers), so I may have some of them wrong – I have indicated page numbers as well in
some cases to help.

Line 45 – “used to be” implies it not longer is the case.  But of course it probably still is
the case. Change the wording here to something like “are”.

Line 60-69 – this is all fine, but a bit vague. This could be stronger if you provide a
specific goals of the paper here. i.e., My impression is that your intent here is to compare
2019 observations with ones from earlier cruises to see if there is an indication of the
impact of climate variability on sea ice surface properties, and if so (or even if not)
whether those differences (or lack thereof) can provide any insight into the causes (or
impacts) of recent sea ice variability. I think this speaks to what was unclear in the prior
manuscript.

Line 74 – what is meant by “virtually representative” here?  Do you mean something like
“fairly representative”

Line 105-108 (page 5) – Did you have d18O for the snow as well? Would this not provide
a better snow endmember, since that is the snow that gets incorporated into
superimposed and snow ice?  I guess you don’t use this endmember to classify, though,
so not really important.

Line 109-111 (page 5) – Can you give an estimate of what the uncertainty caused by
these assumptions might be?  For instance, the 0.35 value could vary depending on where
it formed (if there is any variability in the water), and there are several processes which
could change these values somewhat. It looks like it’s not super important from Figure 4,



but for snow ice you do have quite a few values close to 0 ppt, and a couple superimposed
ice values right about 0 ppt.  I have a hard time understanding how you can get
superimposed ice with such a value.  Even rain should give you a fairly negative value. It
seems more likely that this is sea ice that has been flushed of brine in some way.

Figure 3 – it is interesting that there is so little snow ice in the second year ice – in other
regions, you get extensive flooding in spring summer, and if that survives into a second
year, you would get lots of snow ice in the resulting second year ice.  It appears this is not
true here, which I suppose means that for the second year ice, it spent its first summer in
the south and so was not exposed to too much precipitation and bottom melt, so maybe
didn’t flood too much in the summer?  I suppose that you have positive freeboards here
suggests flooding in summer isn’t that big a deal. Do you have any indication that this
might be limited by the surface snow melt and superimposed ice formation, so snow loads
are kept low in spring?  I suppose superimposed ice layer thickness are relatively modest,
so it’s maybe more the snow is just not very deep to begin with.

Line 252 (page 11) – Are you sure this is a correct comparison?  I do not have a copy of
Eicken et al (1994) handy, and it is not available online, but I believe this percent (4%
from the abstract), is the fraction of snow in the core, and not the thickness of the snow
ice layers – i.e. they reported both a snow fraction calculation and a layer thickness
(which is how you define snow ice here). If that is correct, they would actually have
significantly more snow ice comparing like with like.

Figure 5 and associated text in discussion and conclusions – There are several points here
that are worth mentioning. First, you do mention that the extreme years of high flux do
correspond to low SIE. But not to all low SIE years (notably, the most recent ones). This
suggests (unsurprisingly) that there are other processes that drive low sea ice extents (in
fact the surface net shortwave increases in those years may simply be because of low SIE
and you have some absorption by open ocean, as it is not clear if you screened the fluxes
for over ice only).  But, interestingly, surface melt onset does not necessarily correspond
to years of higher fluxes. I’m not sure if there is anything more you can say about that for
this study. But what is notable is that the three years you have superimposed ice data for
all have fairly similar SIE, and snowmelt onset dates. So, really, the change from
2016-2019 is not so much an anomaly, but returning to normal (at least for the western
Weddell; I think you still have an anomaly for the Weddell overall). So, why would you
expect to see any difference?  Same sea ice extent, same melt onset, fairly similar surface
fluxes. Your text on this is fine, as you do acknowledge this. But it is worth pointing out
that that does not mean that there have been no changes in surface melt. Over the long
term, it appears ice extent has been increasing, and melt onset has been occurring later. 
I wonder what you might have seen if you went in 1992 or 2015?  The former you have
very early onset, high fluxes, and low extent, and the latter you have late onset, high
extent, and low fluxes. So, if anything, if you were able to observe every year maybe
you’d see an overall decrease in superimposed ice extent?  What happened in recent years
is interesting, and I agree this does corroborate those studies that suggest the role of
ocean forcing. In that sense, this analysis, while necessarily just suggestive, is quite nice. 
Maybe just add a couple sentences highlighting the similarity and differences in the years
with in situ data and those without.



lines 319-311 (page 13) – be careful here. As noted above, It is similar to previous years
in which you have in situ obs, but there are differences with other years. I think you
should acknowledge this lack of data here.

Lines 315-332 (page 13-14) – This is an interesting idea. But because you only have 3
years of data to infer this from, I think it is too bold to say it has not yet commenced. I
suggest toning down the wording a wee bit, e.g. “However, our results and the absence of
melt ponds snow no evidence for strong arctification of sea ice in the northwestern
Weddell Sea in 2019”.

Appendix A and identification of FY vs SY ice. The text implies the distinction of ice types
is based on the thickness model. But you could easily have thick first year ice if it rafter –
or was it clear from the cores and the topography that major rafting and deformation was
not an issue? I would think you’d have additional evidence from the ice core structure,
salinity, etc to support whether the ice was FY or SY.
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