The response to Reviewer #1:

The article "Observational Constraints Suggest a Smaller Effective Radiative Forcing from
Aerosol-Cloud Interactions" by Park et al. quantifies the effective radiative forcing from aerosol-
cloud interactions to better represent climate predictions. The authors used satellite observations,
reanalysis and climate models to support their analysis and results, and they focus on the effect
of aerosols on cloud droplet concentration and evaluate the role of aerosol activation, which is
usually overlooked in current estimates of effective radiative forcing.

I think this topic is within the scope of the ACP, as it seems to be an important parameter that the
scientific community should take into account. The hypothesis is well explained and we
understand each step of the process, but there are parts that should be improved before
publication on ACP. I think the main problem is the predominance of the appendix and important
information should be included in the main article. I am also concerned about the omission of
meteorological parameters in the study and I do not know how this affects the study of cloud
controlling factors. I recommend the paper for publication after the major revisions I suggest
below.

We sincerely thank the reviewer for their constructive comments and valuable suggestions. As
our manuscript has been submitted to ACP Letters, which has strict word limits, we have
prioritized presenting the main findings concisely. Where necessary, additional details have been
included in the Appendix to provide further support for our findings. We kindly ask for your
understanding in this regard. Below, we provide specific responses to each comment, highlighted
in blue.

Major Comments

1. The conclusion does not follow the ACP recommendations. The conclusion needs to be
expanded.

“Every article must have a final section where the overall advances are concisely summarized
and put in context. Although the results section may include some discussion, a synthesis and
interpretation must appear in the final section. ACP expects that the concluding section will
normally include the following components, although not necessarily in separate paragraphs:

* Summary: Summarize the main results and relate them to the objectives, questions, or
hypotheses of the study. The summary should include the main quantitative results.

* Synthesis/interpretation.: Explain and interpret the results concisely to enable readers to make
sense of them as a whole.

* Comparison and context: Compare the results with previous studies to put them in context.
Explain consistencies, inconsistencies, and advances in knowledge.

* Caveats and limitations: State how these affect confidence in the overall results, and where
future work is needed.



* Implications: Discuss what the results mean for our understanding of the state and/or
behaviour of the atmosphere and climate, which is the main requirement for publication in ACP.
The editor's acceptance/rejection decision will be strongly guided by this component of the
concluding section.”

Thank you for your valuable feedback. In response, we expand the conclusion section to align
more closely with the journal’s recommendations. This revision now provides a comprehensive
discussion of the uncertainties our study has, ensuring a balanced view of the findings. However,
given the strict word limit of ACP Letters, it is challenging to provide more details. We
appreciate your understanding regarding these constraints and thank you for your thoughtful
review.

2. Aerosols have an effect on cloud properties, cloud droplet size and droplet concentration, but
the effect is small compared to the effect of meteorological parameters. If the authors did not
constrained the results of Fig. 1 by meteorological parameters, then the changes in Nd can be due
to meteorological parameters and what is observed is (indirectly) the correlation between
aerosols and meteorological parameters. If I understand correctly, these coefficients are used
afterward in the Equation A6. This problem is taken into account for the cloud controlling factors
but I am not sure about the impact for the study.

Thank you for your comment and suggestion. In the revised manuscript, we now account for
environmental factors when assessing the activation rate of aerosols into cloud droplets. This
ensures that meteorological influences do not confound the activation rate analysis, where we
state: “To verify the key assumption while accounting for environmental influences, we
performed cloud controlling factor (CCF) analysis (Appendix A3).”. This approach results in
consistent findings, supporting the robustness of our conclusions. Additionally, in the revised
manuscript, we extend this consideration to include not only activation rate metrics but also the
susceptibility and the resulting effective radiative forcing due to aerosol-cloud interactions
(ERFaci) estimates, particularly for those equations explicitly incorporating activation rate.

3. Section A3 : Cloud controlling factor analysis,

Have the authors attempted to perform a Variance Inflation Factors analysis to estimate the
performance of the CCF (as done in Scott et al. 2020) to avoid any cross-correlation and ensure
that the effect seen is due to aerosols only?

Thank you for your comment. In response, we perform a Variance Inflation Factor (VIF)
analysis, following the methodology in Scott et al. (2020), to evaluate any potential
multicollinearity within CCF analysis. The results indicate that the sulfate mass concentrations
(SO4) and aerosol index (Al) are independent of other environmental factors, supporting the
validity of our approach and emphasizing that our estimates of ERFaci are truly attributable to
aerosols. We include these VIF results in Figures A1 and A2, along with corresponding
explanations in Appendix A3.



4. L457: The authors state that their value is the same as the global value because the polar ocean
surfaces are limited in area. Firstly, we can argue whether the region is indeed negligible in terms
of area compared to the globe, but their impact could be significantly greater in these regions due
to their specificities (polar night/day, ice surface, pristine conditions...). I am currently not
convinced that the results can really be generalised to the globe.

Thank you for your comment. As noted in the manuscript, limitations in satellite observations
prevent us from obtaining reliable data over land and polar regions (Jia et al., 2019; Gryspeerdt
et al., 2022; Jia and Quaas, 2023). However, we expand our study domain to cover the area
between 60°S and 60°N, and our conclusions remain consistent within this extended area. We
believe that excluding the polar regions does not compromise our conclusions, as sulfate mass
concentrations are primarily concentrated in major industrial regions, such as East Asia and
North America, which are well represented within our study domain.

Additionally, to address your concern, we adjust the text to avoid potential confusion regarding
polar region contributions. We now highlight our extrapolation approach using CMIP6 single-
forcing experiments, where we apply a scalar multiplier to the domain-average value to estimate
a global-average value, as explained in Appendix A6 and illustrated in Figure A3.

5. A3, have the authors considered different cloud regimes as in Scott et al 20227

Thank you for your comment. In this study, we focus specifically on non-obscured low clouds
without distinguishing between cloud types, as our primary objective is to examine
observationally constrained global effective radiative forcing from aerosol-cloud interactions and
validate it through various estimation methods, based on CMIP6 models. Given the dominant
contribution of low-level clouds to ERFaci, focusing on these cloud types is sufficient to
represent the ERFaci value (Christensen et al., 2016; Bellouin et al., 2020; Forster et al., 2021).
While considering different cloud regimes, as suggested by Scott et al. (2022), could provide
valuable insights, the journal’s word limit necessitated focusing on non-obscured low clouds to
maintain clarity and conciseness. We agree that exploring cloud regime distinctions would be an
excellent avenue for future research.

6. Statistical tests and quantification would be welcome to better assess the results instead of
“significantly diminishes” for example, etc.

Thank you for your comment. We revise the manuscript to remove the term “significantly”
where statistical quantifications are not applied. Additionally, we include p-values alongside 7-
values where correlation coefficients are reported for improved statistical rigor.

Minor :

The ACP guidelines mention : “Appendices: all material required to understand the essential
aspects of the paper such as experimental methods, data, and interpretation should preferably be



included in the main text.” 1 have found that most ACP papers have data set and methods
sections and usually an appendix with important information. I strongly recommend to include
the data set and method sections in the main body of the paper and not in the appendix, following
the ACP recommendations.

Thank you for your comment and recommendation. To address your concern, we specify the
origin of each dataset in the main text for improved clarity. We considered moving the methods
for estimating ERFaci in CMIP6 models to the main text in accordance with ACP guidelines;
however, due to the strict word limit for ACP Letters, we decide to retain the current format. We
appreciate your understanding.

L14: “While some studies it is assumed”, I suggest “While some studies assumed”

Thank you for your suggestion. We revise the sentence to “While some studies assume...”.

L15: “Variation in sulfate aerosols”, do the authors mean sulphate aerosol concentration? It could
also be aging, coating, etc that would change the aerosol-cloud interaction.

Thank you for your valuable comment. We were indeed referring to sulfate aerosol mass
concentrations in the atmosphere. We revise the text to specify “sulfate aerosol mass
concentrations” or ‘“sulfate mass concentration” where relevant to avoid any potential confusion.

L15: I think Sulfates are SO42- and not SO4

Thank you for your comment. To clarify, we add a note stating, “sulfate mass concentration
(SOs4; for simplicity, we omit its ionic form)...” to ensure readers understand the notation used
throughout the text. Additionally, we note that Randles et al. (2017), the MERRA-2 reference
paper, also uses sulfate as SO4. Therefore, we believe this notation aligns with established
conventions and will be clear to readers.

L20: It would be interesting to know how much, on average, the ERF is reduced and less
uncertain. A quantification would increase the impact of the abstract.

Thank you for your comment. Given our use of two different aerosol concentration proxies, we
instead add quantification of recent climate assessments. The revised sentence now states “Our
results suggest a smaller and less uncertain value of the global ERFaci (-0.32 = 0.21 W m™ for
S04, 90% confidence) than recent climate assessments (e.g. -0.93 = 0.7 W m™2, 90%
confidence)...”.

L34: All aerosols do not act as CCN, some would act as INP, and some would not interact with
clouds.



Thank you for your comment. You are correct that not all aerosols serve as CCN; some act as
INP, while others may not interact with clouds at all. In this study, we address aerosol-cloud
interactions in a broad context, primarily focusing on aerosols that contribute to CCN.
Additionally, this study focuses specifically on aerosol-cloud interactions within low-level
clouds, where ice formation is minimal, and CCN-related interactions are most prominent and
well-documented (Christensen et al., 2016; Bellouin et al., 2020; Forster et al., 2021). This
generalization is intended to streamline the discussion and maintain relevance to our specific
focus on CCN-driven interactions.

L47-51: Citations are missing to support the text.

Thank you for your comment. We revise the sentence and add references to support the text: “In
some studies, the activation rate is not explicitly incorporated into the estimation process of
ERFaci as it is implicitly assumed to have a one-to-one relationship (e.g. Chen et al., 2014;
Christensen et al., 2016; Douglas and L’Ecuyer 2020; Wall et al., 2022, 2023).”

L62: Have the authors constrained to consider situations where sulphate aerosols are the
dominant aerosol type (e.g. more than 80% of the total concentration?) Other aerosols may not
be as efficient CCN but they could still bias their results.

Thank you for your comment. The original sentence may have been misleading. Our intent was
to convey that sulfate mass concentration is recognized as a primary contributor to cloud droplet
formation among various aerosol types (Charlson et al., 1992; McCoy et al., 2018). To enhance
clarity, we revise the sentence to state: “SO4 is recognized as a dominant contributor to cloud
droplet formation, alongside other aerosol types such as black carbon, organic carbon, sea salt,
and dust (Charlson et al., 1992; McCoy et al., 2018).”.

L77:1do not think Nd is defined in the paper.

Thank you for your comment. We now define N4 in the introduction section to ensure clarity.

L81: I would not expect a one-to-one relation. As the authors mentioned it is related to the
activation rate but this would mean that SO4 is the only CCN.

Thank you for pointing this out. Of course, our intention is not to suggest that SOa is the only
contributor to CCN, but rather to illustrate that not all sulfate aerosols convert to cloud droplets.
Additionally, we stated that “SOs is recognized as a dominant contributor to cloud droplet
formation, alongside other aerosol types...”, which we believe clarifies that SO4 is not the only
CCN. However, to avoid any confusion, we revise the text to replace “one-to-one relation” with
the sentence: “...underscoring that not all SO4 in the atmosphere are converted into cloud
droplets.”. Furthermore, we add “This variation may be attributed to differences in local
environmental conditions and the role of aerosols in which these clouds occur (e.g. Douglas and
L’Ecuyer, 2019, 2020).”. These revisions aim to ensure clarity and prevent misunderstanding.



L82-84 : “show a notably weaker (...) coefficient”, bur the correlation coefficient, therefore shall
we conclude anything from that ?

Thank you for pointing this out. To avoid confusion and improve clarity, we remove the
correlation coefficient from Figure 1 and Figure S1, as it was not ideal for visually representing
the activation rate.

Figl: I am not sure what is the date range used by the authors to produce the plot.
Thank you for your comment. We add the date range (January 2003 to December 2019) to the
figure caption for clarification.

L85: I do not find the results consistent between Al and SO4, there are negative values and the
results with large regression coefficients are not the same. Can the authors clarify what they
mean by consistent?

Thank you for pointing this out. You are correct that there are differences between the Al and
SO4 results. While both exhibit similar regional patterns—such as higher activation rates in
stratocumulus regions, consistent with SO4 findings—the results for dln(N4)/0ln(Al) differ in
some aspects. To clarify, we now state: “Repeating our analysis using Al yields somewhat
different results with those for SO4 though still showing strong positive regression coefficients
near continental coasts (Fig. S1).”. Additionally, as noted in the manuscript, the differences in
regression coefficients may arise from the use of column-integrated quantities (Al from
MODIS), which do not capture the aerosol vertical structure. This clarification would help
provide further context for the observed discrepancies.

L201 : “lower end”, Do they authors mean “higher end” ?

Thank you for pointing this out. We revise the text to “higher end” and add “(less negative)” for
additional clarification.

Equation A1: I am not sure to understand the equation, Ln is at the 2.5 horizontal resolution but
L and U are at the native resolution but within the 2.5 degree grid cell, is it correct ?

Thank you for pointing this out. To improve clarity, we remove the expression “relative to the
area of each grid box,” as it causes confusion regarding the resolution of Ln, L and U in Equation
A1l. All variables are evaluated at the same 2.5° grid point resolution.

Equations A5 and A6, what is needed to account for LWP bins? If I understand, the authors have
constrained for LWP, is 30 g cm-2 bins sufficient? Have they tried smaller bins to see how the
results change?



Thank you for your comment. Initially, we considered using liquid water path (LWP) bins to
further specify cloud properties based on LWP. However, to maintain consistency and directly
compare our results with those of Wall et al. (2022), which do not constrain LWP, we decide to
exclude LWP in our equations. Even without this constraint, our results remain consistent,
supporting the robustness of our findings.

L558 and L561, I cannot access the webpages:

https://esgf559node.llnl.gov/projects/cmip6/ and
https://github.com/nicklutsko/Radiative_Forcing_Aerosol Clouds

Thank you for your comment. I check the web addresses and, in place of the data from Wall et al.
(2022) as we extend our domain area to 60°S and 60°N, I create a data repository for the relevant
variables used in our study. The data are now accessible at https://zenodo.org/records/14058556.

I think all the appendices are not referenced in the main text. For example, I cannot see where
sections A3 and A4 are referenced in the main article. It just says "In Appendix A". Again [
think most of the part should be in the main text but for the remaining part, I suggest to clearly
specify which part is referenced in the main text.

Thank you for pointing this out. We revise the manuscript to specify exactly which appendix
sections are referenced in the main text to improve clarity.

Citation: https://doi.org/10.5194/egusphere-2024-2547-RC1
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The response to Reviewer #2:

Observational Constraints Suggest a Smaller Effective Radiative Forcing from Aerosol-
Cloud Interactions

Park, C., et al
General Comments:

The paper uses models and observations to evaluate assumptions made in the determining
aerosol-cloud interactions. Specifically, the authors argue that assuming a one-to-one relationship
between activation rate of cloud droplet number concentration in response to sulfate aerosol
variations and effective radiative forcing by aerosol-cloud interactions (ERFaci) leads to an
underestimation of ERFaci. The corroborate this by performing a “perfect-model” validation
comparison between climate model “true”” ERFaci and that obtained via the aforementioned
assumption. They compare observationally constrained ERFaci with previous estimates and
conclude that ERFaci may be smaller than previously estimated.

The paper is acceptable with minor revisions (see below). It would be helpful if the authors
provided readers with a sense of how widespread the above one-to-one assumption is used in
prior studies (e.g., by providing references).

We deeply appreciate the reviewer’s thoughtful comments and valuable suggestions. Due to the
strict word limits of ACP Letters, we have focused on presenting the main findings concisely.
Where appropriate, additional details have been added to the Appendix to support for our
findings. We kindly ask for your understanding in this regard. Below, we provide specific
responses to each comment, highlighted in blue.

Specific Comments:

Lines 48-51:"The conventional assumption is that the activation rate has a one-to-one
relationship when aerosols convert into cloud droplets and is typically not explicitly incorporated
into the estimation process of ERFaci.”

Awkward sentence. Please reword. Also, please provide some references where the
“conventional assumption” is used.

Thank you for your comment. We agree that the original phrasing was awkward. We revise the
sentence to: “In some studies, the activation rate is not explicitly incorporated into the estimation
process of ERFaci as it is implicitly assumed to have a one-to-one relationship (e.g. Chen et al.,
2014; Christensen et al., 2016; Douglas and L’Ecuyer 2020; Wall et al., 2022, 2023).” This
revision provides clarity and includes relevant references.

Line 73: “This ratio, commonly referred to as the activation rate, quantifies the efficiency with
which aerosol particles convert into cloud droplets.”



Is a constant ratio assumed everywhere? If so, please state this and provide the assumed value.

Thank you for your comment. The activation rate is not assumed to be constant across all
conditions. In this sentence, we aimed to define what the activation rate represents rather than
imply a fixed value. The activation rate varies based on environmental and aerosol properties,
and we address this variability further in the manuscript. To avoid any confusion, we revise the
text to: “This relationship...”.

Line 78: “Figure 1.

Please consider using a different color scale. It’s not easy to decipher the values when only red is
used.

Thank you for your comment. We update the color scheme in Figure 1 to improve clarity and
make it easier to distinguish between different values.

Line 87: “The relatively low correlation coefficients observed for...”
Do you mean regression coefficient?

Thank you for pointing this out. We correct “correlation coefficients” to “regression
coefficients”.

Lines 279-280: “Specifically for sulfate aerosols, it employs bias-corrected observations of total
aerosol optical depth in conjunction with...”

Please state where the total aerosol optical depth observations are from.

Thank you for your comment. We specify that the total aerosol optical depth observations are
sourced from MODIS satellite data, stating: “it employs bias-corrected observations of total
aerosol optical depth from the Moderate Resolution Imaging Spectroradiometer (MODIS;
Platnick et al., 2015) satellite data...”.
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The response to Community:

This comment is a joint review created as part of EGU s Peer Review Training Workshop 2024.
The reviewers were Erin Raif (University of Leeds), Piotr Markuszewski (Institute of Oceanology
Polish Academy of Sciences) and Sebastian Mendoza-Téllez (Universidad Nacional Autonoma
de México).

In this paper, the authors used a combination of satellite observations and model reanalysis data
to constrain the contribution to effective radiative forcing from aerosol-cloud interactions
(ERFaci) in low clouds. In doing so, the authors suggest that previous estimations overestimate
ERFaci. They also find that the activation rate of aerosols into cloud droplets must be considered
to reduce the uncertainty on effective radiative forcing.

This is an interesting hypothesis with important consequences for the calculation of cloud
feedbacks. The data used is comprehensive, the analysis is thorough and the figures are largely
clear. However, there is limited discussion placing this work into the context of works that have
preceded it, and the importance of the results is not fully explored. Additionally, there are
significant issues with the structure of the paper, which does not conform to a typical ACP
structure and at times impedes comprehension of the content.

As such, we jointly recommend that this paper be reconsidered after major revisions.

We sincerely appreciate the community’s constructive feedback and insightful suggestions. Since
our manuscript was submitted to ACP Letters, which enforces strict word limits, we have
prioritized presenting the main findings concisely. Where necessary, additional details have been
included in the Appendix to provide further support for our findings. We kindly request your
understanding on this matter. Below, we present specific responses to each comment, highlighted
in blue.

Major comments:

1. The authors provide excellent detail to many aspects of their methodology. However, this
should generally be contained within the main body of the paper, with only aspects that
are unnecessary for comprehension of the methods remaining in the appendices.
Additionally, the current structure of the methods/appendix means it is difficult to
understand how the individual components fit together — we suggest that the
authors a) add a short summary at the start of the new methods section to introduce
them; b) explicitly discuss how their cloud-controlling factor analysis compares to the
approach of Wall et al. (2022) and ¢) clearly introduce each data source to help readers
familiar with either satellite or reanalysis methods only.

a) Thank you for your suggestion. Due to the strict word limits of ACP Letters, we are
unable to provide a more detailed expansion. However, we believe the current structure
sufficiently introduces each ERFaci estimation method in Section 2.3, “Perfect-Model
Cross Validation”, with additional details thoroughly explained in Appendix A4. We
appreciate your understanding.



b) Thank you for your comment. We compared our cloud-controlling factor analysis
approach with Wall et al. (2022) in Section 2.2, “Observationally Constrained ERFaci”,
by differentiating between methods that account for activation rate and those that do not.
Given the depth of comparison already provided, we believe further discussion in the
main text would be redundant.

c¢) Thank you for your comment. To help readers distinguish between observational and
reanalysis data sources, we clarify each data source’s origin.

While the authors have done an good job of explaining their own approach, there is little
discussion as to how this compares to previous work in the field. This leads to two key
issues which should be addressed by further discussion of existing literature. a) It is
difficult to establish from the introduction how ERF _aci is currently estimated, why this
approach is limited and how this work differs from those previous

approaches. b) Reading the discussion and conclusion, it is difficult to establish the
relative importance of these new results that the abstract implies. Similarly, it is also
difficult to understand the limitations of this approach.

a) Thank you for your comment. I agree that a comprehensive introduction is important.
However, due to the strict word limit of ACP Letters and the extensive content of our
study, we are unable to expand further on the details you mentioned in the introduction.
We appreciate your understanding. Additionally, Section 2.2, “Observationally
Constrained ERFaci” compares our methodology with previous study and highlights our
improvements in subsequent sections.

b) Thank you for your comment. In response, we expand the conclusion section to align
more closely with the journal’s recommendations. This revision now provides a
comprehensive discussion of the uncertainties our study has, ensuring a balanced view of
the findings. However, given the strict word limit of ACP Letters, it is challenging to
provide more details. We appreciate your understanding regarding these constraints and
thank you for your thoughtful review.

The results and discussion may be better separated, or at least delineated further with
some discussion of each result followed by section for discussion of the results in
synthesis.

Thank you for your comment. As mentioned above, we expand the conclusion to include
a more comprehensive discussion of our results, including potential ERFaci values based
on different data. However, due to the journal’s word limit, we streamline this section as

much as possible. We appreciate your understanding regarding these constraints.

If appropriate, it would be useful to present p-values alongside r-values throughout the
paper to improve the statistical rigour of the findings.



Thank you for pointing this out. We revise the text to include p-values alongside r-values
wherever correlation coefficients are reported, and we update captions to indicate “and
their associated p-values (p)” for clarity.

Minor comments:

Line 34: The authors should consider providing a definition of radiative forcing while still early
in the introduction to the paper.

Thank you for your comment. We revise the text to introduce radiative forcing earlier in the
introduction. We now state: “Anthropogenic aerosols impact the Earth’s radiation balance at the
top of the atmosphere, with this perturbation quantified as radiative forcing (e.g., Boucher et al.,
2013; Raghuraman et al., 2021; Kramer et al., 2021).”.

Lines 34-36: Not all aerosols act to reduce precipitation and increase cloud liquid water path. For
instance, ice-nucleating particles initiate ice formation, which has the opposite effects (though
these are unlikely to affect tropical low clouds).

Thank you for your comment. You are correct that not all aerosols serve as CCN; some, such as
ice-nucleating particles, initiate ice formation, which can have opposite effects on cloud
properties. However, this study focuses specifically on aerosol-cloud interactions within low-
level clouds, where ice formation is minimal, and CCN-related interactions are most prominent
and well-documented (Christensen et al., 2016; Bellouin et al., 2020; Forster et al., 2021). This
generalization is intended to streamline the discussion and maintain relevance to our specific
focus on CCN-driven interactions.

Line 49: “the conventional assumption is that...”. It would be useful to know who makes this
assumption.

Thank you for pointing this out. We revise the sentence to specify: “In some studies, the
activation rate is not explicitly incorporated into the estimation process of ERFaci as it is
implicitly assumed to have a one-to-one relationship (e.g. Chen et al., 2014; Christensen et al.,
2016; Douglas and L’Ecuyer 2020; Wall et al., 2022, 2023).”.

Line 51: Is there a reference that justifies the "one-to-one aerosol cloud relationship" argument?
[see also comments re. lines 70 and 80]

Thank you for your comment. In response, we revise the sentence to specify: “In some studies,
the activation rate is not explicitly incorporated into the estimation process of ERFaci as it is
implicitly assumed to have a one-to-one relationship (e.g. Chen et al., 2014; Christensen et al.,
2016; Douglas and L’Ecuyer 2020; Wall et al., 2022, 2023).”.



Line 66: Can the authors here explicitly summarise the main focus of the “story” by presenting a
research hypothesis or clear research questions?

Thank you for your comment. We appreciate the suggestion to clarify the focus. In the
introduction, we highlighted the considerable uncertainties in estimating ERFaci and presented
the main focus of the study, starting with “Estimating the ERFaci, especially in low-level
clouds...”. Additionally, we introduced the specific aerosol proxy we focus on. We believe this
structure effectively conveys our research questions and objectives.

Lines 70-74: This goes some way to answering the comment on line 51, so should probably be
moved to the introduction. However, further expansion may also be helpful for the reader — why
is the assumption of a 1-1 ratio wrong?

Thank you for your comment. The assumption of a 1:1 ratio implies a direct, linear relationship
between the variables in question—meaning that any increase in one variable would yield an
equal proportional increase in the other. However, this assumption is often oversimplified in
climate and atmospheric sciences because numerous factors influence the interaction between
these variables. We clarify this in the main text with the addition: “...underscoring that not all
SO4 in the atmosphere are converted into cloud droplets.”.

Line 80: The relative strength of the relationship in different regions is very interesting. In most
regions, the relationship is proportional but not one-to-one. Could the authors clarify why this
might not be expected, as SO4 is only a subset of aerosol?

Thank you for pointing this out. We clarify this in the main text with the addition: “This variation
may be attributed to differences in local environmental conditions and the role of aerosols in
which these clouds occur (e.g. Douglas and L’Ecuyer, 2019, 2020).”

Figure 1: We think the interpretation of the plot is good. Can correlation coefficients of 0.4 be
described as highly linear?

Thank you for pointing this out. To avoid confusion and improve clarity, we remove the
correlation coefficient from Figure 1 and Figure S1, as it was not ideal for visually representing
the activation rate. Regarding linearity, we previously used diagonal hatching to indicate areas
where correlation coefficients exceeded 0.4, as we considered this value relatively high for each
grid point.

Line 113: Eq. 1 implies there are ten states that LWP can be in. Can the authors clarify what they
mean by this, and perhaps briefly detail them?

Thank you for pointing this out. Initially, we considered using liquid water path (LWP) bins to
further specify cloud properties based on LWP. However, to maintain consistency and directly
compare our results with those of Wall et al. (2022), which do not constrain LWP, we decide to



exclude LWP in our equations. Even without this constraint, our results remain consistent,
supporting the robustness of our findings.

Figure 2: The difference in meanings between panels (b) and (c) and panels (d) and (e) could be
clarified by adding description to the colourbar adjacent to plot (c).

Thank you for your suggestion. We considered adding descriptions to the colorbar for clarity;
however, we believe that the current labels “With activation” and “Without activation” more
directly convey the differences between the panels.

Line 179-188: In Figures 3a and 3c, the authors clearly show the ensemble ERF aci is improved
by considering activation rate. However, there are similar absolute numbers of models which
perform well regardless of the treatment. Are these the same models in each case, and if so, is
there an indicator as to when considering activation rate is important to capture ERF _aci and
when it is not?

Thank you for your comment. Upon review, we found that the models aligning well along the
y=x line are indeed the same, indicating they consistently perform well in simulating aerosol-
cloud interactions. However, as this detail falls slightly outside the main focus of our study, we
opt not to include it in the main text. We appreciate your insight nonetheless.

Line 200-201: “...our estimates offer further evidence to support estimates on the lower end of
[the WCRP’s] range”. This seems to contradict Fig 4, where the red bars indicating ERFaci_obs
have the largest values. Do the authors mean to say less negative?

Thank you for pointing that out. We revise the text to “higher end” and add “(less negative)” for
additional clarification.

Line 202: Could the authors clarify what a “top-down” approach is and how it differs from their
analysis?

Thank you for your comment. We understand the concern and, to ensure clarity, we decide to
replace the term “top-down” in the main text with “recent”.

Line 220: What threshold was chosen for models to fall into the GOOD HIST category?

Thank you for your comment. We add further explanation in Appendix 1.4: “For analysis, we
select the 15 models with the lowest GOOD HIST indices (Table S1).”.

Figure 5: We assumed that, like other plots, the solid dots referred to values obtained when
activation rate was considered. However, it would be useful to specify this in the caption.
Additionally, there is no colourbar — we think this is because the colours correspond exactly to



the x-axis. If this this the case, consider removing the colours as it implies an extra variable (such
as each colour representing a different model) and the yellow unfilled circles are difficult to see.

Thank you for your comment. For clarity, we add “when the activation rate is accounted for” to
the caption. We choose to retain the current color scheme to visually highlight how our
observationally constrained ERFaci values compare with model outputs, emphasizing the
relative differences. We hope this provides a clearer comparison, though we appreciate your
suggestion.

Line 247: For readers who are reading the paper non-linearly, consider specifying the degree to
which the influence of aerosols may be less substantial than assumed.

Thank you for your comment. We add our estimates alongside the IPCC estimate in the text:
“(e.g., -0.93 £ 0.7 W m in IPCC AR6, 90% confidence)”.

Line 335: Does the choice of a 50 year period remove interannual variability or reduce the
influence of it? And if so, relative to what?

Thank you for pointing this out. The choice of a 50-year period helps reduce the influence of
interannual variability by averaging over a longer timescale, which smooths out year-to-year
fluctuations that might otherwise disproportionately affect shorter-term analyses. We revise the
text to say “...to minimize the influence of interannual variability” for clarity.

Line 335-337: Was there a specific reason why the 13 and 9 models were chosen for SO4 and Al
respectively?

Thank you for your comment. The choice of 13 models for SO4 and 9 models for Al was based
on model availability within CMIP6. We add the phrase “Due to the limited availability of
models for aerosol proxies...”

Line 370: To make this clearer for the reader, consider ending this sentence with e.g. “in this
case, SO4 concentrations or AI”.

Thank you for pointing this out. To improve clarity, we add the following sentence:
“Specifically, we consider either the natural logarithm of SO4 at 925 hPa from the MERRA-2
reanalysis or the natural logarithm of the Al from MODIS.”.

Line 403: What is the 1pctCO2 scenario?

Thank you for your comment. The 1pctCO2 scenario represents an experiment in which CO2
concentrations increase by 1% per year, as provided by CMIP6. I revise the text to clarify this,
now stating: “...where oy pcico, represents the low-level cloud feedback, derived from the 1%

CO:z2 increase per year (1pctCO2) scenario...”.



Line 437: Consider using “more negative” rather than larger.

Thank you for your suggestion. In this context, the values represent multiples, so we believe
“larger” is appropriate in this sentence to convey the intended meaning accurately.

Line 457: Is there any literature to back up the assertion that the polar oceans will not contribute
largely to the ERF aci?

Thank you for pointing this out. Assessing aerosol-cloud interactions in polar regions remains
challenging due to significant cloud model uncertainties, spatial and temporal observation
limitations, and the difficulty of obtaining some types of remote sensing information at high
latitudes. These limitations make it difficult to quantify the polar oceans' contribution to ERFaci
reliably.

Instead, we expand our study domain to cover the area between 60°S and 60°N, and our
conclusions remain consistent within this extended area. We believe that excluding polar regions
does not significantly impact our conclusions, as sulfate mass concentrations are primarily
concentrated in major industrial regions like East Asia and North America, which are well
represented within our study domain.

Additionally, to clarify, we adjust the text to avoid potential confusion regarding polar region
contributions. We now highlight the extrapolation approach using CMIP6 single-forcing
experiments, where we apply a scalar multiplier to the domain-average value to estimate a
global-average value, as explained in Appendix A6 and illustrated in Figure A3.

Line 477: Consider a section title that is more specific than “Uncertainty”.

Thank you for your comment. We revise it to “A7 Uncertainty from ERFaci_obs estimation”
to provide better specificity.

Table A1l: Please add more detail to the caption, such as what the circles mean and brief
redefinitions of the variables.

Thank you for pointing this out. We revise the caption to clarify: “CMIP6 models used in the
analysis are represented, with each circle indicating the availability of data for a given model.
Aln(SOs4) and Aln(Al) represent changes in sulfate mass concentration and aerosol index,
respectively, from present day to pre-industrial levels on a natural logarithmic scale. ERFaci_true
refers to ERFaci derived from single-forcing (aerosol-only) experiments, while ERFaci SC17 is
calculated using the method from Soden and Chung (2017). ERFaci_est (SO4) and ERFaci_est
(AI) denote estimated ERFaci values based on simplified version of Eq. (1) and Eq. (2) in the



CMIP6 models (Appendix A4). The GOOD HIST index represents the absolute difference in
global-mean historical warming compared to observations (Appendix Al.4).”.

Technical corrections:

Throughout: the authors should consider when to italicise and when to romanise variables and
subscripts in equations, which is discussed in the ACP guidelines (https://www.atmospheric-
chemistry-and-physics.net/submission.html#math)

Thank you for pointing this out. We correct the formatting of variables and subscripts in
equations to adhere to the ACP guidelines.

Line 14: replace “it is assumed” with “assume”.
Thank you for pointing that out. We revise the text, “While some studies assume that...”.

Line 39: ERFaci has not yet been defined in the text, just in the abstract, so this should precede
the abbreviation.

Thank you for pointing out. We revise the text to include the full term before introducing the
abbreviation “ERFaci”.

Figure 1, line 794: add the word “hatching” after diagonal.

Thank you for your comment. However, for improved visibility, we remove the diagonal
hatching from Figure 1 and Figure S1.

Figure 1, line 796: “stippling” might be my new favourite word!
Thank you for your comment.

Figure 1, line 797: “Stduent’s” should be “Student’s”.

Thank you for pointing out. We correct it.

Line 326: The sentence beginning “So, the models...” is a clause that doesn’t form a full
sentence. Consider a change such as “This suggests that the models...”

Thank you for your suggestion. To avoid multiple use of “that” we instead revise it to “This
suggests the models that...”.

Line 491: delete the second instance of the word “the” in the phrase “hence Cii represents the
diagonal components of the C”.

Thank you for pointing out. We correct it.
Lines 521 and 530: these are quite unwieldy and should probably be standalone equations.

Thank you for your suggestion. We revise these expressions as standalone equations to improve
readability.

Citation: https://doi.org/10.5194/egusphere-2024-2547-CCl1
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