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Summary

The authors consider the development of an observation operator to provide passive
microwave brightness data at 6.9 GHz frequency and Vertical polarization. The work
is motivated by the need to overcome observational uncertainty introduced by geo-
physical retrieval algorithms applied to satellite observations and used to initialize and
evaluate climate models. Here, the observation operator simulates the brightness tem-
perature from the climate model output instead of requiring the retrieved sea ice con-
centration from observed brightness temperature data. Consideration of the feasibility
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and limitations of the observation operator concept for simulated sea ice is the main
focus here. The authors use highly resolved 1D thermodynamic sea-ice and 1D mi-
crowave emission models to consider the effect that the simplified temperature and
salinity profiles characteristic of GCM outputs have on brightness temperature esti-
mates and observation operator performance. Generally, the approach works well
for cold, winter conditions, and in the peak of summer when surface melt ponds are
present, but not during periods of wet snow. The authors determine the boundary con-
ditions for the construction of an operator that is evaluated against satellite brightness
temperatures in their companion paper (which | did not evaluate).

In general the paper is well written and the descriptions and figures are mostly clear
and concise. Appendix A is useful for providing equations though Appendix B is just a
table that could be in the paper. The methods should be better organized, and made to
be distinct from the results, to make the paper easier to follow. For example, on Page
10, around line 11, there are new methods and their reasoning described in amongst
the section focused on the results presented in Figure 3.

The authors should clarify their positioning on the role that snow plays on the examined
6.9 GHz frequency and vertical polarization, in the contexts of season, ice type, and
other available frequencies and polarizations. It is mostly all there, just hard to follow.
For example, the negligible contribution of dry snow properties compared to ice (due
to brine in the ice) is cited is advantageous for the ~4.3 cm wavelength examined, yet
there is a section looking into the role of dry snow (Section 6) and the following state-
ment is made “the radiative effect of the snow cover hence remains important.”. At the
beginning of Section 7.3 snow is cited as a limiting factor. Perhaps it is better to make it
clearer earlier in the paper that one of the goals of the study is to better understand the
potential impact of dry (and wet snow) conditions on the operator output. Statements
about wet snow are easier to follow as there are not contradictions.

Detailed Comments
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P = Page; L=Line
P3L22: ‘atmosphere’ doesn't fit here because the sentence is referring to sea ice.

P5L7-10: The purpose behind defining specific locations is unclear. This is especially
true since the authors indicate that sea ice seldom exists at the first-year sea ice loca-
tion. The choice of locations for the sensitivity analysis are also arbitrary. If the choice
of location does not affect the study then the locational context isn’'t needed.

P7: The paragraph on the bottom, beginning “Our input for the emission model...”, is
somewhat dismissive of the breadth of in-situ observations that are available, and the
role of these observations in model development. It would be clearer is the authors out-
lined the model set-up, inputs, and assumptions used, since this is a methods section,
and save uncertainty evaluations and suggestions for the discussion section.

P9IL8: Is it correct to say that April in the Arctic is summer?
P9 Figure 3: Symbols for FYI and MYI are not clear in the figure.

P14L3: It is confusing that the assumption of constant salinity introduces large uncer-
tainties in the brightness temperature during summer, when earlier the authors men-
tioned the properties inside the ice do not influence the brightness temperature when
the ice surface has a brine volume fraction higher than 0.2 (also during summer). Also
on P15 (L7-8) the authors say the brightness temperature depends on the surface
rather than internal ice properties. Some clarification given in the context of expected
penetration depth would be helpful.

P16L15-17: Indicate what would happen if ice concentration were <100%.
P16L18: Section 7 should be “Discussion and Conclusion”.

P17L19-20: Sentence “In summer...” is confusing i.e. how is the liquid water fraction
highly sensitive to changes in salinity. Do you mean the salinity of the melt ponds?

P18L24: correct “temperatur”
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P18L33: The authors should elaborate on how the brightness temperature would be
weighted by melt pond fraction.

P19L3: How would periods of wet snow be identified?
P19 Appendix A: Indicate the validity ranges of the formulas.
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