Interactive commentoni Snow depth on Arctic
sea ice from hi®&tori cal I n situ dat

Elena V. Shalina and Stein Sandven

S. Hendricks (Referee)
stefan.hendricks@awi.de
Received and published: 19 January 2018

The authors would likeotthank the reviewefor histime and valuable comments. The

corresponding changes and refinements have been made in the revised paper and are also
adzYYlF NAT SR AYy 2dzNJ NBLX & 0St2¢6d ! dzi K2NBQ NBaLE
Whenour manuscript is cited, ils shown in italics.

The study "Snow depth on Arctic sea ice from historical in situ data" evaluates observations
of snow and sea ice surface properties from the Sever aircraft landings on Artic

sea ice from the 60th through 80th of the 20st centurye Hata contains snow depth

from surfaces representative of the area near the landing site as well as some information
on the snow depth distribution, from which the authors deduce average snow

depth. This information is used to construct a climatologinalsdepth map based

on significantly improved observational density in the Russian part of the Arctic compared
to the Warren climatology. However, this climatology is only valid for the month

between March and May due to visibility constraints for the iagg.

The necessity and value to document and utilize these extensive observational

datasets from the past cannot be understated and the paper constitutes a valuable

contribution to this effort. The paper is generally well written and adds a thorouglysisal

to the documentation of the methodology. There are however a few general minor

points and specific comments where the analysis and the presentation of the results

could be improved before publication:

1) The authors provide a detailed climatology e¢éege snow conditions but without a

magnitude of the snow depth variability. It would be important to have this information

as a measure the uncertainty of the climatology. Of course, variability can only be

estimated in areas with repeated observatiobst might be possible with pooling data

on the Russian shelves.

We calculated sindard deviation of the data used for producithg new climatologylt is calculated as

a weighted standard deviation from variancedtod snow depthandthe height ofsastrugiwith a

weight of 0.35, which is an average portion of sastrugi area in the Altdsdncluded in the updated

Fig. 11(see figurébelow, on the 3rd pagg. Certainly, it is only a part of the uncertainty of the new
climatology, however it is fficult to evaluate errors from other sourceBhe height of snow attached to
ice ridges was not included in the calculations because 1) the Sever measurements in the Western part
of the Arctic Ocean are too scarce, and 2) there are no estimations oféhecavered by such features
from the Sever expeditions. The effect of not including that data results in some underestimation of the
average snow depth. The underestimation is most important in the western Arctic, especially north of
the Canadian Archipego, where the highest concentration of the ridged ice is expected

2) The authors also did not show the difference to the Warren climatology. The improvements

on the Russian shelves are obvious, but it would be valuable to assess

the impact of the located nature of the NP observations compared to the regional

coverage of the Sever program on the generation of climatologies in regions where the
observations should be comparable.

Below you will find the difference between Warren climatology and the new lbisemonstrates the
deficiencies of both approaches. On the one hand, it revadilficiality ofthe smoothness of#varren's
climatology- it is a consequence @fstimating paraneters throughpolynomial fittingin the areas where
the values of those parameters change considerably. On the other hand, it ghawSever expeditions
did not provideenough data to get a smooth distributiam the central Arctic and to describe



adeguately areas near the Canadiaoast Thus we have unphysical smoothness @/ data and
unevenness ofeverdata (caused by lack of data).

It is also worth to keep in mind that Warren's monthly climatoldgpends on the distribution of the
available fotthat monthsNPmeasurements. Luck of measurements in some cases causes strange
results: for example,@ording to V@9the snow depth in therea to the east of Greenlarghanged
from 40 cm inMarch and April to 34 cm in May and Juneit increased up t@bout 46 cm (!)
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Weincludedthe averaged for the MAM months Warren's snow depth nrapig. 11, together with our
result. We hope it's enough to assess the differeneiase see below the updated Fig. 11.



Figure 11 Map of snow cover depth (am) on the sea ice in the MAM months in 19%88: a) gridded
data with the grid cell 200x100 km and contour lines overlaid on it, b) standard deviation of the data
used for gridding, ¢) map produced from the same data as (a), but usingitvemsional gadratic fit,

d) Warren climatology averaged for the MAM months.

3) As the authors state themselves, the comparison with modern data is difficult due to

different methodology of point measurements and the surveys at landing sites. Therefore,

the result arenot very insightful, especially without a magnitude of interannual

variability in the timeframe of the Sever program. | would therefore suggest reducing

the space allocated in the manuscript for this comparison.

The authors think it is a valuable parttbe paper because the measurements described have been
taken in the central Arctic. (The field campaigns that we mention in the paper usually were carried out
in the Beaufort Sea or close to Canada or Greenlamdhe limited areathat isnot well presetted in the
Sever data.) Though buoy measurements do not cover long period of time, they nevertheless show the
range oftemporal variability of snow depth and even the range of spatial variability (in the case of AWI
buoys). As to space used to describechanalyze buoy data, the authors cannot see how it can be
reduced.



Specific comments:
-NBLIX I OS WTFFradAaAO0SQ gAGK WFILad AO0SQ GKNRAAK2dzi 0
Done.

- P10L16: Specify section number that you mean with "later"

The rewritten sentence is:

Thesnowin the form ofsastrugi,attached tohummocks andce ridgeds not describechere,the
relevant analysisvill be presented in Sect. 4.2 and 4.3

- P12L6ff: Did the authors exclude MY thicknesses in this regression, because these

would not be "undeformed"?

We have included MY ice thickness in the updated version of the paper. It was not included in the
discussed version because of differences in the process of snow accumulation on the FY and MY ice. In

the case of FY ice it is morestraightforwardand the relation is supported by more data
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Figure 7 The relation between the thickness of the undeformed ice and the depth of accumulated snow
in the end of winter.

- P16L23: Rephrase sentence: "In the Kara Sea, there was the second (?) after ..."

The rewritten sentence is the following:

In the Kara Sea, there was the highest number of measurements comparing to other seas that probably
allowed toobservemost cases of snow dune layouts and states.

- P20L6: Please provide the formula

The formula igrovided anddescribed:

In order to produce an integrated map that describe the average state of snow cover in the MAM

months, the Sever and NP measurements have been combined by gridding all Sever data on snow deptf
on the level ice togethavith NP data. The height of sastrugi weighted in proportion to the sastrugi area
was added for each Sever grid cell snow depth using the formula
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where His the depth of snow measured on the level ice (described by data providers as the snow depth
on the prevailing ice in the landing area),dit the height of sastrugi, and£° is the average portion
of the ice surface covered by sastrugi in the regions of the snow measurement (see Table 3). In the



central Arctic, where the ice was mainly perennial at the time of measurements, only observations made
on the MY ice during Sevexpeditions have been included as was explained in Sect. 3. The height of
snow attached to ice ridges was not included in the calculations because 1) the Sever measurements in
the Western part of the Arctic Ocean are too scarce, and 2) there are no @stisnaf the area covered

by such features from the Sever expeditions. The effect of not including that data results in some
underestimation of the average snow depth. The SHEBA observations indicated that in April and May
1998 about 3.9% of the examinatea was covered by deep snow (>80cm) associated with ice ridges
(Sturm et al., 2002). The underestimation is most important in the western Arctic, espeuidilgf the
Canadian Archipelago, where the highest concentration of the ridged ice is ex(ioteke and

McLaren, 1992, Makshtas et al., 2003, Shoutilin et al., 2005)

- P20L6: Would it not be necessary to include the snow dunes in the estimation of

average snhow depth? Is there not information (ridge density) to do this?

We mention that we do not include snow duneglie averaging in the undated text. We also give

reasoning (which is absence of the ridge density in the area, as the referee rightly dtatealpart of

the paragraplshown above

The height of snow attzhed to ice ridges was not included in the calculations because 1) the Sever
measurements in the Western part of the Arctic Ocean are too scarce, and 2) there are no estimations of
the area covered by such features from the Sever expeditions. The effetirafluding that data

results in some underestimation of the average snow depth.

- P20L15: Please provide coefficients of the quadratic fit

Coeff value
35.05
-4.96E06
-1.46E06
-2.27E12
2.91E12
-1.16E12
1-5: coefficiensin the regressiorquation Snow depthHs = Ho + G*x + G*y + G*x? + G*xy + G*y2
Coordinates are in meters. Projection is North Pole StereogragaiumWGS_1984atitude of origin =
90.0, central meridian = 20.0
In the text of the updatd paper
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The twadimensional quadratic fit has been calculated as

H=H+Gi E itd JEEG E&i® |

where H=35.05cm, G-n ®c HiCGm-m dn & Gm-A OH T G 1 PHGEMD M c™ and M n
x and y are coordinates in tidorth-Pole Stereographic projection. Units of x and y are meters.

-P22L17: The authscorrectly state that it is difficult to draw any conclusions from a

direct comparison of modern buoy data and historicasitu data. Consider to shorten

section 4.6and move the main message to the discussion/conclusions section.

In our view the section 4.6 is very short (it was much longer in one adanlierversions), we do not
see how it can be shorten.

Figures:
- Figure 5: Consider to replace the contour phith a colourcoded plot in Figure 11
Please se the new Figure 5 belaw



mi-12

m13-23
024-40
O41-60

- Figure 10: Consider adding histograms for the three month. It is very difficult to make
out any changes other than seemingly random snow redistribution.
Please see the updatddgure 10 below.

Figure 10(a) Snow line measurements made in 1969 in the MAM months during the work of NP16
drifting station. The length of snow line was 1 km.-(ol) Distributions of measured snow depths in
March, April and May 19609.

- Figure 11 Panels b and d are quite redundant. Consider showing W99 or difference

to W99 instead

The pdated Figure 11 is shown above. It veasembledlifferently, in accordance with the referee
comments.

- Figure 11: The scale of the colorbars in panels ¢ aré glightly and unnecessary
different
Now allcolor barsfor the snowmaps are the samgsee Fig. 11 above)

- Figure 14: Should the standard deviation (std) not be shown in both directions from
the different snow depth values
Figureld has been redone:



