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General comments
The article Stability dependent increases in liquid water with droplet number in the Arctic
studies the aerosol-cloud interactions in the Arctic. The authors used space-based
observations from MODIS of liquid water path and cloud droplet concentration. They
retrieved the sensitivity of LWP with Nd for different regimes of meteorological conditions
and especially LTS and the specific humidity (meteorological parameters being inferred
from reanalysis). The Nd-LWP relationship is especially high when the atmosphere is
stable, and the impact of humidity is highly dependent on the stability regime. The
authors used a variety of method to explain their results, I appreciated the effort made
with the joint histogram to retrieve P(LWP|Nd) which I found very interesting and should
be used more often in the future to study the aerosol-cloud interaction. 

The research in the article is within the scope of ACP and present some novel concepts to
study aerosol-cloud interaction, the conclusions are interesting and concern a topic that is
currently undergoing a lot of interests by the scientific community. The method and
materials are presented and support the discussed results. The overall presentation is well
structured, clear, and I appreciated the Figures which are very precise and
understandable, especially Figure 4 that I found fascinating a lot of results and discussion
can be inferred from it. Nevertheless I have some comments that need to addressed
before I can recommend a publication in ACP, especially concerning the number of data
points that are used in the study to support the statistical analysis, the conclusions, and
the figures. I think some figures could be added (maybe as supporting information). Also I
have a major concern concerning the uncertainty from the observations. All the comments
are detailed in the following sections.

Major comments
1) Section 2, Materials: There is no mention about the uncertainty in the retrievals. The
authors briefly discussed about it in section 4, but there is no mention about the
uncertainty in tau_c and r_e. The errors from this variables can propagate and lead to
large uncertainty in LWP and N_d and maybe offset the signals described by the authors.
Did the authors looked at this issue? I think it should be properly addressed in the
manuscript. 



 
2) Section 2, Method: Both N_d and LWP depend only on re and tau_c, therefore the two
parameters are not independent. I am skeptical about how robust the study is. I think it is
robust, but I also think that the two parameters not being independent should be
mentioned in the article and the potential issues that might result from that.
 
3) l.108, "This stringent filtering is not applied to LWP retrievals". I do not understand how
the filter is applied to Nd and not LWP. I thought the colocalization of LWP and Nd was
made at the pixel level and one value of LWP requires one value of Nd (especially when
retrieving the sensibility). I am wondering if there is something I did not understand in the
method. Is it during the spatial resolution averaging (from 1km to 25km)? I am not sure I
understand why filtering on one parameters and not the others. Can the author explain ?
 
4) l. 92: Is it fair to consider γ constant, consider the different conditions in the Arctic? Is
γ really constant in spring and fall? Can the authors comment on that?
 
5) Section 3: There is no mention on the number of points that the analysis is based on, it
is an important information to make sure that the study is statistically robust. I advice the
authors to add a plot or supporting information to show that there is enough points,
especially to retrieve the sensitivities. For example, in Figure 3, I am skeptical that there
is enough points per bin to be robust. Also Figure 3 would benefit to have the 95%
confidence interval on the calculation of the sensitivity, or at least a discussion about it. 

Minor comments
1) Title: I find the title of the article confusing and not clear, even after reading the article
I am still not convinced by it. A change in the title would benefit to make it more direct.

2) There is a lack of quantification in the study, the authors often refer to trend when
describing the plots. Also, quantification is needed in the abstract and the conclusion to
make the study more robust and appealing for readers.
 
3) For example, the authors described the different variations to be "stronger" (l.190,
l.198), "more pronounced" (l. 195)...". Quantification is needed here to support the text
and observations. 
 
4) l.22, Twomey, 1977: The publication from Twomey is about the change in albedo rather
than the change in cloud droplet size. Therefore the publication is more suited for the next
sentence.
 
5) l.26: The authors do not mention the effect described by Stevens & Feingold (2009),
about the delayed and the offset of the precipitation. Is it because it does not necessarily
apply to Arctic clouds? I would mention it in any case.
 
  Stevens B, Feingold G. Untangling aerosol effects on clouds and precipitation in a
buffered system. Nature. 2009 Oct 1;461(7264):607-13. doi: 10.1038/nature08281.
PMID: 19794487.
 
6) l.42 "The warming effect of clouds have been linked sea ice loss...": A "with" is missing
"been linked with sea ice loss".
 
7) l.79: MODIS has issue in the Arctic and often underestimate the cloud top temperature
(see Fig. 1 from Tietze et al. (2011)). Can the authors comment on that?



 
  Tietze, K., Riedi, J., Stohl, A., and Garrett, T. J.: Space-based evaluation of interactions
between aerosols and low-level Arctic clouds during the Spring and Summer of 2008,
Atmos. Chem. Phys., 11, 3359–3373, https://doi.org/10.5194/acp-11-3359-2011, 2011.
  

8) l.107, "tau_c greater than 4". This condition filters a lot of clouds I guess. Can the
authors estimate the number of clouds that is filtered out, to understand how
representative is it to Arctic clouds?
 
9) l.148, "Mann Whintey U test": I am not familiar with this test, can the authors explain
why it is suited for this case?
 
10) l. 154: I am confused about the r^2 parameter, does it refer to the sensitivity of LWP
with Nd or LWP with LTS? If the latter, do the authors expect LWP to be linear with LTS,
this is not necessarily the case. Same comment about Tsurface and MCAO. Also, I do not
understand how mean LTS is taken into account here. 
 
11) l.156, "LTS is used...": Is LTS also correlated with Tsurf and MCAO? If not, the two
other parameters have strong sensitivities and might be considered? I am wondering if the
authors did the analysis considering different bins of Tsurf and MCAO. 
 
12) Figure 2: The description of r^2 is missing in the caption?
 
13) l.176, "assumed a linear sensitivity of LWP to N_d": The authors are considering
logarithms on Equation 1, so why do they mention it is linear?
 
14) l.185, "specific humidity bins": q_{850} has a low correlation and does not seem to
be the most important parameter from Figure 2. I am wondering if the authors looked at
Figure 3 and 4, considering Tsurf or MCAO instead of q_{850}.
 
15) l.199, "Figure 4 (f) shows that the difference between...": I do not see it in the Figure.
Can the authors rephrase and explicit, (again, maybe quantification would help) ?
 
16) Section 4: There is already a lot of discussion in section 3, I would suggest to either
move all the discussion from section 3 to section 4, or have one section "Results and
Discussion".
 
17) l.358, "Reassessing the Effect of Cloud Type on Earth?s Energy": There is a "?" in the
title, change to "Reassessing the Effect of Cloud Type on Earth's Energy".
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