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Revision of the research article tc-2018-236

Dear reviewer,

The authors thank you for the review of the manuscript. To clarify our answers to the reviewers comments,
the following color scheme is used: comments of the reviewer are itemized, our answers are denoted in black
and quotes from the revised text are in blue. A version of the PDF file showing the differences with the original
paper is also included. Please find the answers to the questions you have addressed below.

Sincerely,

Florentin Lemonnier

e 4 concurrently snowfall events are considered over 77 actual overflights of CloudSat over the two consid-
ered stations. What was the problem of those 77 “events”? probably either MRR or CPR did not detect
snow (or both of them). T understand that the detection problem is probably out of the scope of this
manuscript, but I would suggest to mention it and explain why those events are not considered, to give
to the reader the idea that the problem of snowfall estimate over Antarctica (and in general over the
Globe) is not just to quantify it, but we have to deal with detection first of all.

This is a good point, we thank the reviewer for noting it. As CloudSat overflights over stations occur in a
few seconds, it is actually quite unlikely to overpass the stations exactly when precipitation occurs. That is
why we see only 4 cases of precipitation out of the 77 overflights. We re-explained it on this study: P3-L15 —
With the aim of improving CloudSat radar uncertainty estimates using ground-based observations, CloudSat
snowfall retrievals over Dumont d’Urville and Princess Elisabeth stations were compared with MRR data on a
total of 4 concurrently recorded snowfall events. During the MRR observing periods, there were 14 overflights
over DDU and 63 over PE. These overflights are short, typically a few seconds, explaining why we actually
detect snow for only 4 of them.

e P.5 1.: the authors provide the Souverijns et al. (2017) Z-S relationship for PE station MRR. As far as I
know, the MRR2 have been calibrated with CloudSat, doesn’t this introduce a bias in the results of the
present work?

According to Souverijns et al. (2017) authors, the Z-S relationship was performed without CloudSat calibration.
Indeed, the authors used a profile comparison for the PE station following the procedure described in Protat
et al. (2009; 2010) providing an offset of 1.13dBZ based on profiles of CloudSat within the range of 100 km
from the station. This offset has been incorporated in the dBZ values that were used to calculate surface
snowfall rates in the Souverijns et al. (2017) study. In our paper, we are using raw MRR data processed
with the Maahn and Kollias (2012) algorithm, but not calibrated with CloudSat reflectivities. We added this
information in the text : P4-1.26 — For this study, the used MRR2 data are processed with the Maahn and
Kollias (2012) algorithm. Unlike Souverijus et al. (2017), we did not calibrate the ground radar dataset with
CloudSat reflectivities because (1) we want an independent evaluation of the CloudSat CPR dataset, and (2)
we do not consider surface precipitation rate comparisons.

e P9 1.26: “in comparison with the quantiles of the vertical structure of precipitation™ this should be
better explained. I guess you are referring to the black and grey lines in fig.3 that are the 20th, 50th
and 80th quantiles and the average precipitation profiles, but also in the figure caption, there is just a
reference to Duran-Alarcon et al. I suggest adding some more information both in the text and in the
caption to explain better where those plots come from, if they are an average calculated over the station
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over a certain time period. Moreover, if I am correct, Duran-Alarcon et al. provided reflectivities, how
did you get to the snowrates?

We have inserted more information about the MRRs from Duran-Alarcén’s et al., 2019, study in the article:
P4-1.29 — The mean precipitation profiles obtained over the MRR observation periods (2015-2016 for DDU
and 2012 for PE) were also used to evaluate how typical the 4 precipitation events are (Duran-Alarcon et al.,
2019). They are obtained using the same Ze/Sr relationships as the ones introduced earlier (see equations (1)
and (2)).

e P.91.31: “also a systematic difference in the CloudSat calibration” this sounds a bit tricky since MRR2
has been calibrated with CloudSat, correct? I guess it is more a sensitivity issue since W- band radars
can detect much lighter snowfall than K-band ones.

We thank the reviewer for this good comment. Indeed, this is more likely due to a difference in sensitivity
between the two instruments. We have re-written this in our study: P11-L16 — CloudSat observes again a small
signal of precipitation where MRR recorded a null snowfall rate, suggesting some limitations in the sensitivity
or attenuation of the MRRs but also a satellite sensitivity for low snowfall rates. In addition, MRR2 is not
calibrated with CloudSat for this study as mentioned above: P4-1.26 — For this study, the used MRR2 data are
processed with the Maahn and Kollias (2012) algorithm. Unlike Souverijns et al. (2017), we did not calibrate
the ground radar dataset with CloudSat reflectivities because (1) we want an independent evaluation of the
CloudSat CPR dataset, and (2) we do not consider surface precipitation rate comparisons.

e P.11 1.4: “this precipitation event is representative of the climatology of PE”: again, as for p.9 1.18 and
1.26 make clear why from the comparison with Duran-Alarcon et al. the event is representative of the
climatology (clarify the black and grey lines on the plots).

As mentioned above, we compare particular events here with the distribution of all precipitation events recorded
by MRRs over the 2015-2016 period, symbolized by quantiles of these distributions (on figure 3, Duran-Alarcon
et al., 2019): P4-L29 — The mean precipitation profiles obtained over the MRR observation periods (2015-2016
for DDU and 2012 for PE) were also used to evaluate how typical the 4 precipitation events are (Duran-
Alarcon et al., 2019). They are obtained using the same Ze/Sr relationships as the ones introduced earlier (see
equations (1) and (2)).

e P.12 1.5: what do you mean in this case with “higher dispersion”?

Thank you for pointing this oversight, in fact there is no greater dispersion in CloudSat records. This is
corrected.

e P.12 1.22: “by applying to CloudSat profiles the calibration difference estimated in the previous section..”
in this case I don’t actually understand the procedure you are adopting. You are comparing CloudSat to
MRR to evaluate CloudSat, so you are considering MRR as your “truth”. But it is known that k-band
radar has issues with the detection of light snowrates, so the correction applied doesn’t seem to be fair. I
would rather look for a minimum detectability threshold for MRR and compare just the rates that both
of the sensors are actually able to detect. The comparison of snowfall between different sensors is an hot
topic right now and for sure not an easy manageable one, we need to be really careful on the conclusions
we take from it.

This is a good point and we thank the reviewer for bringing it up. Indeed, what we interpreted as a difference
in the calibration of the instruments is more likely to be a difference in the sensitivity of these instruments.
We have been considering a MRR detection threshold that we have added hereafter to our study: P6-L2 —
According to Maahn and Kollias (2012), the minimum detection of both MRR, varies between -14 and -8 dBZ,
corresponding to 0.00122 — 0.00546 mm/h at DDU and 0.00385 — 0.0135 mm/h at PE. However these values
correspond to theoretical cases of clear sky. Therefore we analyzed the density probability functions of the
MRRI at 3 different levels to determine a minimum threshold of detectability of ground radars (figure 6 in
Appendix). We used the lowest level out of the ground clutter layer (about 1200 m.a.g.l.) and selected a
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threshold of 0.005 mm/h (see the vertical dashed line in figure 6 in Appendix).

Probability density functions of MRR data at DDU
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Density functions of the corrected 1-minute Ze values at 3 different heights (300m, 1.2km (lowest value of
CloudSat) and 3km) at DDU and the respective snowfall rates.

However, although MRRs should be able to do so, we observe that CloudSat detects low snowfall rates below
1 mm/h while ground radar poorly detects them. We propose 2 hypothesis for this difference in snowfall rates
: a cloud detection of the CPR or attenuation of the MRR above important low-level precipitation. We added
this discussion in our study: P12-L8 — This difference of measured values suggests a difference in sensitivity of
the 2 radars even if these measured rates are above the MRR detection limit. This shift in snowfall rates could
either be due to a strong attenuation of the MRR backscattered signal with the altitude or to the detection of
cloud water by the CPR, as it is more sensitive to small atmospheric particles and clouds.

e P.12 sec.4.4: since CloudSat product comes with its own uncertainties, why not consider also them in
the analysis and give some advice to the final users of the products that most likely will use that values
for their analysis?

These uncertainties are on instrumental parameters and hypothetical parameters of the hydrometeors. These
uncertainties are 1,5 to 2,5 times larger than the measure itself. The aim of our study is to propose a new range
of uncertainties estimated in a different and independent way, with ground radars whose range of uncertainty
are well known. We have added this information in our study: P12-1.12 — The CloudSat 2C-SNOW-PROFILE
product already contains its own uncertainties estimates, calculated from hypothetical parameters such as the
mass-diameter distribution of the hydrometeors, their micro-physical and scattering properties. Our analysis
suggests that under Antarctic (and probably polar) conditions, this uncertainty can be significantly reduced.

e p.3 L.1: use capital H for HYDRological.
This has been corrected.

e p.6 1.5: what do you mean with CloudSat “phase”?
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The satellite is characterized by a phase of 16 days, so it exactly overpasses a location every 16 days. We
added this information in the CloudSat presentation subsection.

e p.6 1.7: “corresponds to a distance”: at a first glance this could be confused with the distance from the
station, I would suggest adding “covers a distance” or something similar.

This has been corrected.

e p.6 equation: I would suggest using “Vwind” or “Vw” for wind velocity, seems more intuitive.
This has been corrected.

e Fig. 2: in fig. 2g and j include the north direction as you did for the previous two maps.
This has been corrected.

e Fig. 2: here you mention the grey plane disk, in fig.1 was the white disk, be consistent.
This has been corrected.

e Fig. 3: as mentioned on a previous comment, clarify the quantiles information.
We clarified it in the previous answers.

e Fig. 3: The 80th quantile line in fig.3c became for some reason orange over the shaded orange area
instead of gray.

This has been corrected.
e Fig. 4: on the legend use station name and date instead of day number.
This has been corrected.

e Fig. 6: it is not clear from the caption if you are considering each vertical bin of each profile of each
overpass (for the 4 considered cases) and then the average value of all of them or if for each overpass
and each vertical bin you consider their own average and calculate the deviation from that.

On this figure, the deviation from the average is calculated for each considered vertical bin and for each
overpass. We re-explained this in the caption: P16 — Distribution of the deviation from the averaged values of

CloudSat snowfall rate for all vertical levels. The deviation from the average is calculated for each considered
vertical bin and for each overpass.



