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Reviewer comments: 10 

 11 

Comments from Referee 1 12 

Review Summary: 13 

The paper discusses the temporal evolution of snow density on Arctic sea ice during the MOSAiC 14 
campaign. The observational data are compared with several snow density parameterizations of 15 
varying complexity to assess how well they represent changes in snow density. Modeling results are 16 
then used in a sea ice model to calculate snow and ice temperatures as well as sea ice thickness. 17 

The results of the mean snow density calculations show relatively good agreement with observations. 18 
However, the temporal variations in snow density are not well captured, which affects the accuracy 19 
of the resulting sea ice thickness estimates. 20 

The core idea of the paper is clear, and the findings offer a valuable contribution to the 21 
understanding of snow compaction processes on Arctic sea ice. The study is particularly relevant for 22 
improving snow representation in climate and remote sensing models. 23 

However, the narrative is at times disorganized, and several sections—particularly the introduction 24 
and methods—lack structure, which can confuse the reader. The volume of the manuscript is also 25 
quite large. For better readability, the conclusion section should be separated from the discussion 26 
and significantly shortened. 27 

There are also methodological and conceptual issues that require clarification: 28 

 29 

• Line 13: It is not totally clear why the focus is on the top 3 cm of the snowpack. It would be 30 
helpful to explain this in the introduction, potentially in relation to remote sensing relevance 31 
or surface energy balance. 32 

There are several reasons for us to define the top 3 cm of snow as the “surface snow layer” 33 
and focus on its changes. 1) The "surface snow layer" typically refers to the uppermost layer 34 
of snow that is directly in contact with the atmosphere. This layer is characterised by new 35 
snow deposition, the surface radiative and turbulent energy fluxes balance, which results in 36 
the variation of surface skin temperature, and high sensitivity to weather conditions (e.g., 37 
changes in air temperature and wind). 2) For snow and sea ice process modelling, a surface 38 
layer between 1 – 5 cm is usually defined depending on the model's vertical resolution. The 39 
HIGHTSI model typically has 10 layers in snow and 20 layers in ice. For a snow depth of 20 40 
cm, the surface layer is accordingly 2 cm. 3) Finally, the MOSAiC in situ snow observations 41 
were carried out with a vertical layer increment of 3 cm, as this was the size of the density 42 
cutter. Accordingly, the vertical resolution of the dataset is 3 cm. 43 
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We have added the following text to explain the surface snow layer more clearly in the 44 
introduction: 45 

“Surface snow layer refers to the uppermost layer of snow that is directly in contact with the 46 
atmosphere. This layer is characterised by new snow deposition  and surface skin 47 
temperature varying according to the surface energy balance controlled by the radiative and 48 
turbulent fluxes. Hence, the layer is sensitive to variations in the air temperature, wind speed, 49 
and surface albedo. The bulk snowpack density, on the other hand, is critical for the sea ice 50 
mass balance. Accordingly, we address it separately from the snow surface density to 51 
highlight the different roles of the surface layer and the bulk snowpack in the sea-ice 52 
simulation.” 53 

 54 

 55 

• Lines 37–38: More details on the origin and significance of the snow surface layer (SSL) would 56 
strengthen the introduction. Some content from section 3.2 (e.g., lines 222–225) could be 57 
relocated here. 58 

Agreed, we moved the surface scattering layer (SSL) description with some additions to the 59 
Introduction. 60 

SSL develops when the surface of sea ice melts and the brine channels preferentially melt, 61 
revealing a porous structure that resembles snow. It originates from the underlying ice and 62 
has no snow included in it. Its isotopic signature is purely from the underlying ice. The 63 
preferential melting of ice crystal boundaries produces the SSL (Smith et al., 2022), a porous, 64 
snow-like layer where the density increases with depth (Macfarlane et al., 2023a). The SSL is 65 
less dense than the sea ice from which it is generated. The surface meltwater originating 66 
from the melting SSL drains vertically through the ice column, when the ice porosity allows, 67 
and laterally into melt ponds and leads, leaving the SSL relatively dry. As the top SSL melts, 68 
there is a simultaneous transformation of the underlying bare ice to the SSL. Thus, the 69 
thickness of the SSL remains almost stable throughout the summer. 70 

 71 

• Lines 41–42: The statement should be corrected: snow density and depth together 72 
determine snow mass. A better phrasing could be: “Snow density and layer thickness 73 
determine the weight of the snowpack on sea ice. When the snow load is sufficient to 74 
submerge the ice surface, flooding may occur, leading to slush and snow-ice formation.” 75 

We partly replaced the original text with the text suggested by the reviewer: “Snow density 76 
and layer thickness determine the weight of the snowpack on sea ice”.  The rest of the text 77 
has been removed because the snow-ice and superimposed ice descriptions have been 78 
presented in the previous paragraph. 79 

 80 

• Line 42–43: It’s snow microstructure—not just density—that governs percolation and 81 
wicking processes. 82 

We have described the snow-ice and superimposed ice formation elsewhere, so this 83 
sentence was removed to avoid repetition. 84 

 85 

• Lines 50–51: Consider revising to: “This results in changes to the stratigraphy and usually 86 
leads to compaction and densification of snow.” 87 
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Done. 88 

After snowfall, snow density begins to evolve due to snow metamorphism. This results in 89 
changes to the stratigraphy and usually leads to compaction and densification of snow 90 
(Bormann et al., 2013; Helfricht et al., 2018; Judson and Doesken, 2000). 91 

 92 

• Line 59: Thermodynamic metamorphism does not result from densification; rather, 93 
densification is one outcome of metamorphism. Additionally, kinetic growth during 94 
temperature-gradient metamorphism can inhibit compaction. 95 

We improved the description accordingly 96 

The rearrangement of snow microstructure during snow metamorphism is a significant driver 97 
of snowpack density. Sublimation and deposition of water vapor under a temperature 98 
gradient can drive kinetic growth of faceted crystals, which may inhibit compaction, whereas 99 
other metamorphic processes can enhance bonding and increase snow density.  100 

 101 

• Line 71–72: Did you consider the effect of rain-on-snow (ROS) events on snow density? 102 

The ROS was observed during MOSAiC (Stroeve et al., 2022). The events occurred during 103 
MOSAiC leg 5 beyond our modelling period. Therefore, we have not done a concrete 104 
investigation of ROS effect on snow density. Nevertheless, we present a qualitative discussion 105 
on ROS in the revised manuscript (discussion section): 106 

During autumn, winter, and spring, rain-on-snow (ROS) events can form hard ice crusts on 107 
the snow surface (Rennert et al., 2009). During the MOSAiC campaign, a few ROS events 108 
occurred in September (Leg 5), increasing surface snow density from 150 kg/m³ to 350 kg/m³ 109 
within two days (Stroeve et al., 2022). Between 12 – 22 April, two warm-air intrusion 110 
episodes raised near-surface temperatures to near-melting conditions (Svensson et al., 2023), 111 
although no ROS events were documented during this period. 112 

 113 

• Line 84: Please remove the thin black lines around the plots in Figure 1 and align them. Also, 114 
CO2 and CO3 are difficult to distinguish on the left map—consider improving their labels. 115 

Figure 1 has been improved accordingly. 116 

 117 

Line 88: What was the temporal resolution of the snow measurements?  118 

Snow measurements were recorded at a daily temporal resolution. To ensure a spatial 119 
measurement distribution, multiple locations for snowpit timeseries were set up within and 120 
around the central observatory (CO). Snow measurements were conducted daily, rotating 121 
through these different locations. Due to the number of different locations, individual 122 
snowpit sites were revisited on a weekly or bi-weekly basis. 123 

 124 

• Lines 93–94: This sentence can likely be removed to save space. 125 

Agree, and the text has been removed. 126 

 127 

• Line 96: Please clearly state that ERA5 reanalysis data were used in the calculations. 128 

We have written in the later part of the original manuscript (L158-L161) on this matter: The 129 
meteorological parameters, including wind speed (V), air temperature (Ta), relative humidity 130 
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(Rh), precipitation (P), as well as shortwave (Qs) and longwave (Ql) radiative fluxes from the 131 
ERA5 reanalysis along drift trajectory of MOSAiC CO (Leg 1-3) were used as forcing data for 132 
the HIGHTSI model (Fig. S1). 133 

For better clarity, we improved the text here as well. 134 

 135 

• Line 99: Include volume and spatial resolution for the box cutter measurements. How many 136 
snow pits were excavated per measurement period (weekly?). 137 

The box cutter has a volume of 100 cm3. Each snow sample has a depth of 3 cm. Line 101: 138 
“Snow pits were conducted weekly at various locations on undeformed first-year ice, second-139 
year ice, and places close to open leads and pressure ridges. The majority of measurements 140 
were taken within the central observatories in designated clean, undisturbed snow areas. 141 
Due to limited manpower, individual snowpit sites were often revisited on a weekly or bi-142 
weekly basis. The snow pits are composed of multiple instruments all measured within a 1m 143 
x 1m area. Transects of “quick” snow measurements, including a snow micro penetrometer, 144 
allowed for spatial quantification of the snow properties. However, in this study, we only use 145 

data from the traditional snowpit point measurements for density (100 cm3 density cutter 146 

and the ETH SWE tube) 147 

 148 

• Line 110: Please use the International Classification for Seasonal Snow on the Ground (Fierz 149 
et al., 2009) to describe snow types for consistency and clarity. 150 

These snow types are presented only for descriptive purposes. We have therefore removed 151 
them from the text. 152 

 153 

• Line 111: Clarify what is meant by terms like “drifted snow,” “frozen snow,” and “jewel snow.” 154 
For example, is “drifted snow” a wind slab? “Visible dust” is not a snow type. 155 

These snow types are presented only for descriptive purposes. We have therefore removed 156 
them from the text. 157 

 158 

• Lines 124–125: Please provide more detail on snow depth measurements. 159 

We derived the bulk snow density based on snow depth and SWE measurements, measured 160 
once for each snowpit visit. The ETH-SWE tube has a scale on the side to identify the snow 161 
height that is being collected and measured. This is confirmed with a corresponding snow 162 
height measurements using a ruler placed vertically against the snowpit wall once it had been 163 
excavated. 164 

 165 

• Lines 127–129: Consider moving this content to the Results section, as it presents findings 166 
rather than methods. 167 

Done 168 

 169 

• Line 152: Clarify whether this variable was included in the model. 170 

Yes, this process has been taken into account in the HIGHTSI model. We have improved the 171 
text accordingly. 172 

 173 
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• Line 163: Snow density was measured weekly, so how was the 10-day moving average 174 
calculated from these discrete in situ observations? 175 

Snow density was measured daily, not weekly. We have corrected this description. We 176 
calculated 10-day moving averages applying the actual daily snow density measurements. 177 
For example, the first 10-day time window is day 1 – day 10, the next 10-day time window is 178 
day 2 - day 11, and so on. 179 

 180 

• Lines 166–168: This content might be more appropriate in section 2.2 on snow density. 181 

Done, we moved text to section 2.2 accordingly. 182 

 183 

• Line 183–184: Gravity? 184 

Added 185 

After snowfall, surface snow undergoes densification due to gravity, wind-induced 186 
compaction and temperature-driven metamorphism. 187 

 188 

• Line 214: Figure 4 needs revision. For example, panel (c) lacks a color bar, which is mentioned 189 
in the caption. Including precipitation data would also enhance the figure. 190 

Sorry, there was a spelling mistake in the legend of Fig.4. Panel (c) contains just a black line 191 
and doesn’t need a color bar. But, Panel (a) has the bottom-color bars for legs, and Panel (b) 192 
has the bottom-color for the stages. We corrected the legend “The bottom-colored bars in 193 
(a) refer to the MOSAiC legs 1-5”. We have also modified this figure, and the precipitation 194 
subplot has been added. 195 

 196 

  197 

 198 

Figure 4: Time series of (a) observed snow density (kg/m3) for surface snow (red) and bulk snow (black); 199 
observed daily average (b) 2-m air temperature (˚C) and (c) 10-m wind speed (m/s). The bottom-colored bars 200 
in (a) refer to the MOSAiC legs 1 - 5. The colored horizontal bars in (b) represent the four stages (dark red: I; 201 
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green: II; blue: III; and black: IV). (d) Time series of snow depth: black dots represent observations from snow 202 
pits, and the light blue line indicates measurements from the weather tower. (e) Distribution of the number of 203 
observations for bulk snow (black bars) and surface snow (red bars), and (f) observed monthly total 204 
precipitation.   205 

 206 

• Lines 222–225: This paragraph would fit better in the Introduction when the SSL is first 207 
mentioned. 208 

Done, we shortened and moved the text into the introduction chapter: 209 

SSL develops when the surface of sea ice melts and the brine channels preferentially melt, 210 
revealing a porous structure that resembles snow (Smith et al., 2022). Its isotopic signature 211 
is purely from the underlying ice.  The density of this porous, snow-like layer increases with 212 
depth (Macfarlane et al., 2023). The SSL is less dense than the sea ice from which it is 213 
generated, but it is much denser than snow. The meltwater drains to melt ponds and leads, 214 
leaving the SSL relatively dry. As the top SSL melts, there is a simultaneous transformation of 215 
the underlying bare ice to the SSL. Thus, the thickness of the SSL remains almost stable 216 
throughout the summer (Macfarlane et al., 2023). SSL visually looks like a snow layer. It has 217 
a surface albedo greater than that of bare ice but less than that of snow. 218 

 219 

 220 

• Line 240–241: Improve the readability of the bar plots by standardizing bar sizes and labels. 221 

Done. The revised figure is shown below: 222 

 223 
 224 
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• Lines 251–253: The contribution of the top 3 cm increases as snow depth decreases. 225 
However, no correlation between surface snow and bulk density is observed, which is 226 
intriguing. This point could be emphasized more clearly. 227 

The lack of correlation between surface density and bulk density during the melting period 228 
(Stage III) suggests that SSL evolution is governed by different processes than those driving 229 
snow evolution during the dry period. We have addressed this issue in the revised manuscript. 230 

• Line 257: Clarify how you obtained 26 snow density points from a snowpack only 15 cm thick. 231 
What was the vertical resolution of measurements? 232 

• The 26 snow density points in Figure S3 do not represent actual snow density measurements 233 
but instead show normalized snow depth. Since the snow depth at the snow pits varied a lot 234 
during MOSAiC, we normalized the snow depth to facilitate better comparison of snow 235 
density profiles. 236 

 237 

• Line 264–265: The observed drop in surface snow density from 300 to 150 kg/m³ in May is 238 
striking. What mechanism caused this transformation? 239 

By looking at the density observations, we indeed see such a distinct decrease in snow 240 
density for both surface and bulk snow from April to early May. This characteristic was seen 241 
for the 10-day moving average and the optimal interpolation of daily observed snow density. 242 
The decrease of snow density in April-May may be explained by the fact that there is more 243 
abundant precipitation during spring months (Matrosov, et al., 2022). 244 

 245 

• Line 339 (Fig. 8): Why is there a drop in both bulk and surface snow densities in April and 246 
May? Also, if you initialized the E1–E3 simulations with 250 kg/m³, why do the first values on 247 
those curves begin at ~125 kg/m³? 248 

In Table 1, the definitions of 𝜌0 and 𝜌m as “initial snow density” and “maximum bulk density” 249 
were inaccurate and misleading. They rather represented “baseline snow density”, e.g., fresh 250 
snow under minimal forcing, and the reference snow density response under the maximum 251 
environmental forcings, respectively. After the impact of environmental temperature and 252 
DOY, the snow density follows its characteristics. We have modified the text in Table 1 253 
accordingly.  254 

 255 

Line 345 (Table 2): Add the initial densities used for each E1–E3 simulation scheme. 256 

The name “initial density” is not accurate (see previous response). It should be the “baseline 257 
snow density”, and we added it in Table 2. 258 

 259 

• Lines 415–417: Could you please add some more details here on how you calculated and 260 
compared this? It’s not quite clear how 330 kg/m3 is related to the bulk values measured 261 
using the 10-day average. By snow accumulation do you mean snow depth? 262 

Apologies for the ambiguity. This snow density (330 kg/m³) is unrelated to the observed 10-263 
day average snow density. Yes, 'snow accumulation' here refers to snow depth. 264 

Precipitation is an external forcing for the HIGHTSI snow and ice modelling. Precipitation is 265 
given as SWE in [mm/h] in snow water equivalent. We need to convert it into snow depth. 266 
For this reason, a bulk snow density of 330 kg/m3 was used to convert SWE to snow depth 267 
in [m]. This criterion was applied in previous studies (e.g., Huwald, et al., 2005, Cheng et al., 268 
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2008, Wang et al., 2015). For an existing snow layer, the bulk snow density ρb was 269 
determined by applying the observed 10-day moving average (black dashed line in Fig. 8).  270 

We have modified the description to make it clearer: 271 

A constant snow density of 330 kg/m3 was used to convert external forcing of precipitation 272 
to snow depth accumulation. For the existing snow, the bulk snow density ρb was the 273 
observed 10-day moving average (black dashed line in Fig. 8) 274 

 275 

• Line 441: Separate the Discussion and Conclusion sections. The current Conclusion is overly 276 
long and makes it hard to distill the key outcomes. 277 

We separated the discussion and conclusion accordingly. The conclusion has been 278 
reformulated for better clarity and consistency.  279 

 280 

• Lines 526–527: This statement is debatable. Consider rephrasing or providing supporting 281 
evidence. 282 

Higher densities over thin snow layers are due to the stronger wind compaction over smooth 283 
ice, while thicker snow is less dense because of the loose depth hoar bottom (Wagner et al., 284 
2022). 285 

 286 

Final Remarks: 287 

Overall, this paper presents valuable insights into the evolution of snow density on Arctic sea ice and 288 
has the potential to make a solid contribution to the field. However, several sections require 289 
reorganization, clarification, and proofreading. Specific improvements in figures, methods, and 290 
interpretation would significantly enhance the quality and clarity of the manuscript. 291 

Thank you for the constructive comments. We have carried out a major revision of the manuscript 292 
according to the comments from both reviewers: 293 

 294 

1 The manuscript has been restructured for improved logical flow and clarity.  295 

2 The text has been carefully edited, including: 296 

a) Sections were reformulated, 297 
b) Descriptive text was shortened to reduce overall paper length. 298 
c) Some text was removed to avoid repetition and maintain conciseness. 299 

3 The Discussion and Conclusions have been separated and reformulated. The Conclusions have 300 
been rewritten for better clarity.  301 

4 We have improved the clarity of several figures. 302 

5 We have added additional information on in situ observations and discussions for better clarity of 303 
the entire manuscript. 304 

 305 

 306 

 307 

  308 
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Comments from Referee 2 309 

Based on sampling and measurement data from MOSAiC snow pits and thermodynamic models of 310 
sea ice, the authors investigated the seasonal variation of snow density and possible influencing 311 
factors, revealing the impact of snow density on the thermodynamic process of sea ice. The 312 
parameterization scheme of snow density and its simulation effect were evaluated, and the results 313 
can further support the optimization of the parameterization scheme of the sea ice component 314 
model in the Earth System model. It is a work worth sharing in the sea ice and even Arctic climate 315 
research communities. However, currently, the manuscript needs further improvement in terms of 316 
terminology, methodology, and analysis of results. Therefore, I recommend that the paper undergo 317 
major revisions before considering publication in TC.  318 

  319 

Major comments: 320 

1) The study evaluated four parameterization schemes for snow density, but did not provide 321 
recommendations on which scheme is the preferred one or what optimization is needed to better 322 
reproduce the observed seasonal changes in snow density. 323 

One of the original objectives of this study was to identify and recommend an existing snow density 324 
parameterisation for snow/sea ice and climate modelling studies, and even to derive a new snow 325 
density parameterisation scheme based on MOSAIC data. However, we found that substantial 326 
spatiotemporal variability in snow density observations, along with physical snow sampling 327 
constraints and discontinuities in MOSAiC ice camp drift, prevented the derivation of a robust new 328 
snow density parameterization scheme. In addition, considering the MOSAiC campaign represents 329 
a specific ice drift trajectory, to have a representative snow density change along the Arctic sea ice 330 
transpolar drift corridor, one would perhaps need snow density data along several transpolar drift 331 
trajectories. Only in this way we would obtain an adequate full picture on snow density temporal 332 
spatial time series to derive a new snow density scheme. 333 

Therefore, we focused on assessing the performance of the existing snow density schemes and 334 
pointed out their weaknesses. However, following our initial objective and the reviewer’s comment, 335 
we provided a quantitative assessment of these snow density parameterisations (Tab. 2). Based on 336 
error statistics, we concluded that snow density parameterisations E3 and E4 perform better than 337 
the others. We have now added this statement in the Conclusions and outlook section. The snow 338 
density prognostic equation developed by Anderson (1976) remains applicable for sea ice 339 
thermodynamic modelling. We emphasised the need for further optimisation (e.g., addressing 340 
spatial variability) to improve snow density parameterisations. We have improved the Conclusions 341 
and outlook accordingly.  342 

 343 

2) MOSAiC is an observation focused on the seasonal evolution of snow and sea ice physical 344 
processes. However, its seasonal evolution also overlaps with spatial-change information, especially 345 
after spring, as the ice floe drifts southward in the transpolar stream region, significant changes in 346 
atmospheric and oceanic conditions occur. Therefore, the representativeness of the observation 347 
results and parameterized evaluations for the pan Arctic Ocean needs further discussion. In addition, 348 
the MOSAiC floe in the study year has the characteristics of faster southward drift and lower snowfall 349 
compared with other years for the sea ice in the same location. How do these factors affect the 350 
representativeness of the observation results of snow density? 351 

Thank you for this comment. The snow density time series along the MOSAiC drift trajectory includes 352 
both temporal (October-August) and spatial variability (large-scale ice drift and sampling sites 353 
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distributed around the ice camp). This spatiotemporal variation occurred simultaneously throughout 354 
the campaign. The sea ice and snow system is extremely heterogeneous. The layered nature of the 355 
snowpack produces large vertical variations in thermal properties and thickness over short distances 356 
(Sturm et al., 2002a). During the SHEBA expedition, the snow depth reached its maximum thickness 357 
in December (Sturm et al., 2002b), while during MOSAiC, snow depth was relatively thin in 358 
December (Nicolaus et al., 2022). The observed snow evolution in one location differs from seasonal 359 
snow patterns in other places, primarily due to differences in weather patterns among locations. We 360 
have added text in the Discussion section to highlight these differences. 361 

We agree that the MOSAiC snow density observations are specific to a single drift trajectory and the 362 
environmental conditions of the studied ice floe. The accelerated southward drift and reduced 363 
snowfall during our study period significantly influenced snow metamorphic processes and density 364 
evolution. These conditions likely differ substantially from snow metamorphism patterns 365 
characteristic of the central Arctic. 366 

On the other hand, we argue that sea ice in the central Arctic is not isolated, and the ice moves 367 
continuously along the transpolar drift corridor. The Lagrangian approach—observing the same ice 368 
floe over a period of time—allows us to isolate the temporal evolution of snow density under 369 
observed meteorological forcing, although the forcing is specific for the location of the ice floe. To 370 
fully distinguish between temporal and large-scale variations in not possible on the basis of data 371 
from a drifting ice station.  372 

Although absolute snow density values exhibit regional variability, we maintain that the process-373 
level relationships between snow density and meteorological drivers remain robust within the 374 
Transpolar Drift region. These relationships are well-constrained by consistent co-located 375 
observations of snow properties and meteorological variables across the ice floe. However, we 376 
recognize that pan-Arctic extrapolation requires caution, and recommend that future studies 377 
incorporate data from diverse drift regimes to enhance parameterization schemes. 378 

We have added discussions on the representativeness of the snow density by comparing it with 379 
other observations. 380 

 381 

Special comments 382 

1) Line 20 "The modelled mean surface temperature" what is the surface temperature here? snow 383 
or sea ice surface? 384 

This refers to the snow surface temperature  385 

 386 

2) Figure 1: there are two sites that do not belong to MOSAiC CO, but the two temporary ice stations 387 
implemented after the vessel finished the drifting. 388 

We have described it in the revised Figure legend. 389 

 390 

3) Line 207 and other relative context: "According to the annual cycle of air temperature, we can 391 
categorize four periods": If we only look at the regime of air temperature, the second stage should 392 
last until early April. In fact, the near-surface air temperature remained at a relatively low level until 393 
early April. The snow density also began to increase only after early April.  394 

There was debate among the co-authors regarding the definition of stages 1 and 2. The air 395 
temperature (Fig. 4b) exhibited a consistent decreasing trend from 27 October to 16 February, 396 
followed by a winter warm event (likely storm-associated) between 16 February and 3 March. From 397 
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3 March onward until 9 May, temperatures increased steadily. The key question was whether to 398 
assign the February/March winter warm event to Stage 1 or Stage 2. For clarity, we ultimately divided 399 
Stages 1 and 2 to align with MOSAiC legs 2 and 3. This separation did not impact our data analyses. 400 

 401 

4) Line 230: "with the highest and lowest wind speeds recorded at 13.8 m/s and 1.3 m/s" Is this a 402 
daily value? If it's a real-time value, the highest of 13 m/s seems too small. 403 

Yes, these are the daily average wind speed values, but not the real-time values. For the real hourly 404 
mean, the highest and lowest wind speeds were 16.3 m/s and 0.2 m/s, respectively. We clarified the 405 
meaning of the given values in the revised text. 406 

 407 

5) Lines 249-253: Can you introduce the situation of the third stage before discussing the situation 408 
of the fourth stage? 409 

Yes, we revised the text order and discussed Stage 3 before Stage 4. 410 

 411 

6) 256 “in Stage I, II, II and IV, respectively” This should be a typing mistake. 412 

Corrected. 413 

 414 

7) The cumulative wind speed: When did this start to be calculated? How to distinguish the impacts 415 
on the fresh snow and on the old snow? 416 

The calculation started from the beginning of the snow observation period.  417 

The primary goal was to identify the effect of wind on both surface and bulk snow samples. The 418 
methodology did not differentiate wind effects on fresh snowfall and old snowpack. To distinguish 419 
the impact of wind on fresh and old snow, successive collections of samples of new and old snow 420 
over a long period would be necessary, which were unfortunately not available during the MOSAiC 421 
expedition.  422 

 423 

8) What is the physical mechanism behind the decrease in snow density since April, and why can't 424 
all four parameterization schemes describe this mechanism? Can we optimize the parameterization 425 
scheme to reproduce this physical process? 426 

This is a good question. By looking at the density observations, we indeed see such a distinct 427 
decrease in snow density for both surface and bulk snow since April. This characteristic was seen for 428 
the 10-day moving average and the optimal interpolation of snow density. The decrease of snow 429 
density in April may be explained by the fact that there is more abundant precipitation during spring 430 
months (Matrosov et al., 2022). We confirm that those snow density schemes did not take into 431 
account the impact of new snowfall. Optimizing new snowfall on density parameterization would 432 
require more in situ observations. We would rather leave this effort for future research. In the 433 
revised text, we added an explanation for the time series of observed densities. 434 

 435 

9）Figure. 9: Does it mean that the response of such thermodynamic parameters of sea ice to 436 

changes in constant snow density is close to linear?  437 

Yes, the reviewer is correct. For a constant snow density, the response of modelled thermodynamic 438 
sea ice parameters to increasing snow density is linear. 439 

 440 
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10) Table 4: Can you provide specific details on the measurement principle of P1-P6? What is the 441 
underlying principle of their differences? 442 

P1 - P6 were the total snow water equivalent (SWE) observed by different sensors for our simulation 443 
period. The measurements were made by various sensors, such as, vertically pointing 35-GHz 444 
Doppler radar, optical sensor, optical disdrometer, and weighing gauge. These instruments were 445 
placed at different locations around the MOSAiC central observatory (CO). 446 

The measurement technologies and instrumentation calibration are responsible for explaining the 447 
differentiation of the observed results. For the physical principle, we believe the following processes 448 
are likely to contribute to the differences in observed SWE: 1) The local spatial variability of snow 449 
precipitation; 2) The wind effect on snow drift; 3) The wind effect on the blowing of snowfall. 450 

We have merged the key message of the text above into the revised manuscript. 451 

The technical details of SWE observations are: 452 

Vaisala PWD22 optical sensors: See Kyrouac and Holdridge (2019); PARSIVEL-2 optical disdrometers: Nemeth and Beck 453 
(2011) and Wang et al. (2019);  Pluvio weighing bucket precipitation gauge: Nemeth (2008) and Bartholomew (2020);  454 
Aerosol Observing System (AOS) precipitation sensor and Siphon gauge: Kyrouac and Springston (2019).  455 

 456 

 457 

11) Line 438 "the above processes due to snow-to-ice transformation via surface flooding and 458 
resulting snow-ice formation": Did you consider the formation of snow ice in your thermodynamic 459 
simulation? 460 

Yes, the snow-to-ice transformation was included in the model. For runs with different snow 461 
densities, snow ice did not form because the snow depth was relatively thin compared to the initial 462 
ice thickness. However, in precipitation sensitivity run P4, snow-ice formation occurred because 463 
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