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This manuscript performed sensitivity tests to examine how different processes con-
tribute to the uncertainties in ACI. Based on the sensitivity results, the author argued
that uncertainties in cloud microphysical processes contribute more to the uncertainties
in ACI, stronger than uncertainties due to natural aerosol emissions. Given the large
uncertainties in ACI and given the large uncertainties in cloud-related processes in cli-
mate models, the topic is timely and highly relevant to ACP. The method is generally
appropriate. I would recommend the publication of the manuscript after my following
comments are addressed.

Major comments:

The main conclusion of the paper is that cloud-related processes contributed more to
the uncertainties in ACI than aerosol-related processes (the author used “cloud micro-
physics” in the abstract seems not accurate, as CLUBB in itself is cloud macrophysics).
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This conclusion may not be a surprise to many of us in the field, as this has been hinted
in many previous sensitivity studies (on this aspect, I would suggest the author to add
more relevant papers). But the hard part is to provide solid evidence to make an as-
sertive statement on this. One challenge is that whether the sensitivity experiments
performed in the manuscript were designed in a way to systematically examine key
uncertainties in cloud-related processes. I would suggest the author to add more dis-
cussions on this.

Another even bigger challenge associated with these sensitivity tests is whether these
experiments are equally realistic. This is less a problem with aerosol-related pro-
cesses, as the perturbation in aerosol-related processes usually has less impact on
the model climatology, but this can be a big issue for cloud-related sensitivity experi-
ments as cloud-related changes can significantly perturb the model climatology. Table
2 documented the anthropogenic radiative forcing from these different tests, but it is
not clear how realistic each of these experiments are. To partly address this issue, I
would also think the relative change in radiative fluxes may be more relevant than the
absolute changes, as cloud radiative forcing may be different across different experi-
ments. Adding how the corresponding fields in present-day simulations in Table 2 can
be helpful as well.

I would also suggest the author to use less assertive statement in the abstract and the
main text about how cloud-related processes contribute to the uncertainties in ACI, as
the current assertive statement may require more evidence that is not supported by the
manuscript.

The manuscript includes both off-line microphysical tests and global sensitivity tests.
But it seems that the off-line tests do not add much. Removing the off-line tests would
have little impact on the main conclusions of the manuscript.

Specific comments:

P. 20777, line 6: Many previous studies have examined how cloud microphysics may
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affect ACI (e.g., Menon et al., 2002; Rotstayn and Liu, 2005; Penner et al., 2006; Wang
et a., 2012).

P. 20777, line 14: Ghan et al (2013) is highly relevant here

P. 20777, lines 18-21: This statement is unclear. It is not clear to me how “the sensitivity
of ACI to pre-industrial aerosols” indicates the second part of that statement.

P. 20779, Eq. (1): any reference for Eq. (1)?

P. 20778, Section 2.1: four off-line test cases. It is not clear why these four cases
are chosen. Readers also need to refer back to Gettelman and Morrison (2015) to
understand these four cases.

P. 20784, line 21-28: Any explanation why the autoconverion changes have different
effects in different cases?

P. 20786, Fig. 7: how are cloud top drop number and effective radius calculated? Is
this for a particular cloud type, such as warm clouds?

P. 20788, Section 4.4: Many previous studies examined the sensitivity of cloud lifetime
effects to autoconversion schemes (e.g., Menon et al., 2002; Rotstayn and Liu, 2005;
Penner et al., 2006; Wang et a., 2012).

P. 20792, line 8-11: The explanation here provides little help on why Berg0.1 produces
a large increase in ACI compared to the default case.

P 20786, line 20: “in”→ “an”

P 20792, line 20: “can can”→ “can”
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