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We would like to thank the Editor and Reviewer #1 for their constructive suggestions. Please find below a point-by-point

reply to all of the comments (in blue).

1 Editor

I would also like to see some consideration given to the recent opinion piece by Varble et al. (2023) "A critical evaluation

of the evidence for aerosol invigoration of deep convection" where they cast a critical eye on any possible role of convective5

invigoration through latent heat release. Presumably SAM accounts for the effect on buoyancy of increased condensate loading

as a counteracting force, but I don’t see this mentioned.

Reply: Thank you. Convective invigoration refers to the case in which an increase in aerosol loading drives an increase

in vertical velocity in convective clouds. In our article, we don’t relate the latent heat release to changes in vertical velocity,

in fact we are not dealing with vertical velocities at all, thus, making convective invigoration process irrelevant to our paper.10

We mention convective invigoration in the introduction section, where we specify that convective invigoration through latent

heat release is highly questionable: "Under this hypothesis, which remains highly questionable (Varble et al., 2023; Romps

et al., 2023), increasing aerosol concentrations have been suggested to drive stronger latent heat release and hence stronger

vertical velocities. In addition, under high aerosol concentration conditions, the smaller hydrometeors are transported higher

into the atmosphere for a given vertical velocity (Koren et al., 2015; Dagan et al., 2018, 2020), and their lifetime at the upper15

troposphere is longer, due to a weaker sedimentation rate (Fan et al., 2013; Grabowski and Morrison, 2016). However, it is

important to note that these proposed aerosol effects are still highly uncertain (Stevens and Feingold, 2009; Varble, 2018;

Romps et al., 2023; Varble et al., 2023).

In our case we use the enhanced latent heating at the upper troposphere under polluted conditions to explain the increase

static-stability, which affects the radiatively-driven divergence and thus the anvil cloud fraction. An enhanced water loading,20

which is accounted for in SAM and will impact the buoyancy (and hence the vertical velocity), will not directly affect the

static-stability, and hence is not relevant for the mechanism explained in our paper (which is again different from "convective

invigoration" as we are not examining the effects of aerosols on vertical velocities).
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Also, in the conclusions, a passing mention is given to how only a small domain is considered, but not speculation given to

what the intuitively might be expected were a larger domain simulated. Presumably something can be said building on prior25

SST sensitivity studies using a channel domain. Alternatively, there’s physical or observational arguments (e.g. DeWitt et al.

2023 in ACP) that suggest aerosol loading doesn’t affect distributions of cloud sizes, and hence cloud behaviors (tentatively)

may be quite robust if sufficiently large time and space scales are considered.

Reply: Thank you. A recent study (Dagan, 2024), focusing on a larger domain simulations (long-channel domain), showed

that an aerosol perturbation in these simulations intensifies the large-scale circulation, dominating the domain-mean cloud30

and radiative response. These effect are not accounted for in small-domain simulations as used in our current study, which

focus on the local response. Following this comment, the following was added to the conclusions section: "In a larger domain,

the circulation is suggested to intensify with an increase in Na (Dagan, 2024; Dagan et al., 2023). In this case, the large-

scale circulation changes dominate the change in the domain-mean cloud and radiative properties. In our simulations we are

focusing on the local response and these larger-scale effects are not accounted for."35

2 Reviewer #1

I thank the authors for significantly improving their manuscript and addressing most of my comments well. This adds much

value to the manuscript. Nevertheless, I think that the new and very informative analysis is not yet at a good enough level

and should therefore be revised before the manuscript can be published in final form. I also added a few more rather minor

comments.40

Reply: We would like to express our gratitude to the reviewer for his extremely constructive comments and the time he spent

suggesting ways to improve our manuscript. It is truly remarkable how much these comments (in the previous round and in

this round) have helped us improve our paper. Thank you very much!

2.1 General comments

1. It appears that the main radiative response is the Twomey effect. However, this effect comes mainly from ice clouds,45

which is plausible but rather unusual. What do such clouds look like compared to unperturbed/clean clouds? Also, to

be fair, this could simply be an artifact of the lack of aerosol coupling in the freezing part of the code, which should be

clearly stated somewhere.

Reply: Thank you. One can get a feeling of how these clouds look like from Fig. 3 from the main text (and presented

below) and from the newly added snapshots of outgoing longwave radiation (OLR) to the supporting information (Fig.50

S1, SI below).

A reference to the snapshots was added to the methods section: "The SST ranges from 290 to 310 K in 5 K intervals.

Snapshots of the different simulations is presented in Fig. S1, SI."
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