We thank the editor and reviewers for dedicating their valuable time and effort to reviewing our
revised manuscript. We agree with the reviewers' suggestions and have made minor changes to the
manuscript. The reviewers' comments are presented in black, while our responses are in blue. Any
modified or additional text in the revised manuscript is highlighted in red.

Reviewer 1

The authors have put a lot of effort into incorporating feedback from the initial reviews. The
addition of a “Southern Ocean” domain is great. It is interesting to see in this new “SO”
domain the large variability in CCN from literature values, but a large underestimation of
CCN from CAMS and an overestimation from CALIOP. The authors have expanded their
discussion and analysis to explain the nuanced reasons why differences in the CAMS and
CALIOP methods for calculating CCN exist. | have a few comments below.

While the study does a great job of exploring the spatial and temporal variations in two
CCN datasets as well as CDNC, | am not entirely sure that the title of the manuscript
reflects the work that is presented. The “uncertainty in aerosol-cloud interactions” to me
invokes radiative forcing in the context of climate modelling (and this work also doesn’t
include interactions between ice nucleating aerosol particles and clouds). | think these
datasets and the analysis presented here will be useful for modelling, but | wonder if a
more specific title would be more appropriate. Just a suggestion using the “assertion” style
might be something like “Pristine oceans are a significant source of uncertainty in
quantifying global cloud condensation nuclei” (inspired by the new last sentence of the
main text). I’ll leave this up to the discretion of the authors and editor.

We thank the reviewer for pointing this out and for suggesting a better title for the
manuscript, which concisely highlights the main findings of the paper. We agree with the
reviewer and have updated the title in the revised manuscript to: “Pristine oceans are a
significant source of uncertainty in quantifying global cloud condensation nuclei”.

Minor comments:

1. Figure 4: In column 3 contains seasonal cycles of CCN concentrations from CAMS but
the values are unrealistically low in every panel of this column. If it is a fraction plotted
instead the y-axes labels should be fixed, although | think to be consistent with the CALIOP
CCN in the first column, the CCN concentrations should be displayed here too.

The low concentrations in CAMS shown in the third column of Fig. 4 correspond to sea salt
CCN (left y-axis). Upon reviewing our scripts, we identified a bug that had incorrectly set



the altitude range. Correcting this issue did not significantly increase the concentrations of
sea salt CCN. Fig. 4 has been updated accordingly along with Fig. A1 and Fig. S6 in the
supplementary.

We acknowledge that sea salt CCN concentrations are very low (see also the
supplementary plot in Fig. S1 and near-surface CCN in Fig. 4 of Block et al. (2024)). The
histograms below illustrate the low values of sea salt CCN concentrations in CAMS (mostly
under 1 cm™) across different altitude ranges.
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Figure R1: Sea salt CCN concentrations in CAMS for different altitude ranges.

We agree that these concentrations are unrealistically low and have already addressed this
issue in the manuscript in lines 155-160 of the updated version. No additional text has
been added to the manuscript. The following text already exists in the manuscript and has
not been modified.

Nevertheless, CAMS may significantly underestimate the contribution of sea salt aerosols
to oceanic ncen (third column of Fig. 4 and Fig. A1), which can be as high as 8-51 % of the
total nccy and may increase to 100 % at higher surface wind speeds (Fossum et al., 2018).
This underestimation could stem from an underrepresentation of small-mode sea-salt
aerosol mass in CAMS (see fourth column of Fig. A1). Another plausible reason may be the
size distribution assumed in CAMS’s CCN-retrieval algorithm, which may not accurately
represent small-mode sea-salt aerosols. Such factors likely contribute to the observed low
ncen values in CAMS compared to in-situ observations for SH oceanic domains (see Fig.
2b).

2. The authors state a few times that CAMS is underestimating the contributions from sea
salt CCN over pristine oceans. That might be true, but the influence of biogenic secondary



CCN is almost certainly underestimated as well (particularly the Southern Ocean, see
Humphries et al. (2023) referenced in the manuscript). | can see the former mentioned at
the end of sections 2.1 and 2.2 and in the first paragraph of the conclusions.

Thank you for pointing this out. This issue is related to the comment raised by the second
reviewer. We have now emphasized in the manuscript, in Section 2.2 and the conclusion,
that the underestimation in CAMS can also stem from misrepresentation of secondary
biogenic aerosols. Section 2.1 primarily focuses on the climatological and large-scale
variations in CCN and has therefore not been changed. The following lines have been
added or modified in the revised manuscript.

In Section 2.2:

“Additionally, the inaccurate representation of CCN generated from new particle formation
processes (McCoy etal., 2021; Mace et al., 2023, 2024) may further contribute to the
underestimation of CCN in CAMS.”

In the conclusion section:

“While the seasonal cycles of oceanic nccy derived from CAMS largely align with previous
in-situ observations (Gras, 1990; Ayers and Gras, 1991; Gras and Keywood, 2017;
Humphries et al., 2023) and the variations in No, CAMS likely underestimates the
contributions from sea salt and secondary biogenic nccen.”

3. Figure A2. The large white patch in panel A over the Southern Ocean and China -is that a
lack of data, or is the correlation exactly 0 over this large area? If the former, it would be
good to indicate in the figure caption.

We apologize for the confusion. Due to the improper treatment of missing values, some
correlation coefficients in the Southern Ocean were incorrectly set to NaN in Panel (a). This
issue has been corrected in the revised plot. Additionally, the color panel has now been
updated to distinguish missing pixels (no color) and zero correlation (yellow). Due to these
modifications in Fig. A2, no changes were required in the figure caption.

4. Figure 1 Caption. Dates are provided as “June 2006 to December 2021”. If December
2021 is inclusive in this range, | recommend changing to “June 2006 through December
2021”, and using similar precision for other date ranges.

Corrected!



Reviewer 2

I find the revised manuscript to be an interesting and valuable contribution to our
understanding of global CCN and ACl variations. The explanation given for the substantial
discrepancies in the pristine oceans seem plausible and physically sound. The revisions of
the paper and their explanations referring to my earlier review and that of the other
reviewers are detailed and very professionally presented.

| do have a suggestion that would amount to a minor revision. | wonder if the authors could
also revisit Figure 2 in their later discussion? Figure 2 shows that the Southern Marine
regions agree better with CALIPSO than CAMS in an annual average. However, given Figure
3 and the associated discussion, | wonder if this apparent agreement in the Southern
Marine regions in Figure 2 is misleading and suggestive of something more interesting? The
"observations" are almost certainly mostly from Boreal Summer measurements in that
region. The CALIPSO values are from the winter maximum that is likely erroneous. The
CAMS results that better represent the seasonal cycle imply a low bias compared to
observations in the Southern Summer. If such a bias exists between CAM and
Observations, it aligns with recent literature suggesting that models are unable to replicate
the high concentrations of summer aerosol in the Summer Southern Ocean. See for
instance McCoy et al. (2021; 10.1029/2020jd033529) where they suggest that new particle
formation from the free troposphere that the models do not adequately simulate keep the
actual CCN concentrations high in the higher latitude Southern Ocean. Other recent
papers document the effect of these aerosols on summer cloud droplet number
concentrations (10.1029/2023JD040673, 10.5194/acp-23-1677-2023). If the authors prefer
to keep a detailed discussion of this topic to future work, | think that would be fine.
However, they should point out the issue with the apparent and likely misleading
comparisons between observations and retrievals in Southern Marine regions in Figure 2.

We agree with the reviewer. The average concentrations from CAMS and CALIOP shown in
Fig. 2 of the manuscript for Southern Ocean, when compared with in-situ concentrations
derived mostly during austral summer, could mislead readers into thinking that CALIOP is
in better agreement with in-situ concentrations. Summer concentrations from CAMS (high
values) are in better agreement with the measurements reported in Humphries et al.
(2023).

We have noted this point in Section 2.1.1 where Fig. 2 is discussed in the manuscript, and
further elaborate on it later in Section 2.2, where the monthly variations in CCN
concentrations are explored (Fig. 3 in manuscript). We also acknowledge the findings



raised by the reviewer regarding the underrepresentation of Southern Ocean CCN in
models. The following texts have been added to the manuscript:

In Section 2.1.1:

“Itis important to consider that while the regional domains over oceans in this study extend
tens of degrees of longitude away from the coast, in-situ observations for ocean
environments may be limited in space (close to the coast) and time. For instance, the
observations over the Southern Ocean (Humphries et al., 2023) are mostly obtained during
the austral summer.”

In Section 2.2:

“Additionally, the austral summer concentrations in CAMS for the Southern Ocean (Fig. 3p)
are comparable to the in-situ observations reported by Humphries et al. (2023), which were
mostly obtained during the austral summer. This observation contrasts with the results
inferred from climatological concentrations in Fig. 2, where CALIOP misleadingly appears
to show better agreement.”

“Additionally, the inaccurate representation of CCN generated from new particle formation
processes (McCoy etal., 2021; Mace et al., 2023, 2024) may further contribute to the
underestimation of CCN in CAMS.”



