Reviewer A
The authors thank the reviewer for the very constructive comments that helped to improve the manuscript considerably.

General 
This paper is an overview on aerosol effects on clouds and the derived radiative forcing, or as it is called in the manuscript, aerosol cloud-mediated radiative forcing. It spans the space of most possible effects of aerosol on low shallow clouds and on deep and high clouds. It presents the known physics of the relevant processes and emphasizes the inherent complexity of the problem, together with examination of the scientific tools and methods used in the field.  

At the end of the paper the authors present their vision about the future of this area and express their view on how to move forward to minimize the uncertainties in evaluation of the anthropogenic climate forcing and to improve climate predictions. This topic is of major importance and the paper summarizes in a coherent way the current knowledge in the field.  

There are a few general comments that in my view should be addressed before publication: 

1) Indeed the paper addresses microphysical effects and the derived dynamical feedbacks, but for sake of completeness and the general view (as suggested in the title), the aerosol radiative effects on clouds should be treated in a deeper manner. Aerosol absorption effects and how these effects can change clouds, cloud fields and synoptic systems are not covered properly in the paper. I see this omission as a major drawback of such a review.  

We consider the aerosol direct radiative effects as beyond the scope of this paper. The following underlined text was added to the third paragraph of the introduction:

Second, aerosols serve as the nuclei (CCN) for cloud droplets and can alter the albedo of clouds.  As this component contributes the greatest uncertainty to our knowledge of Earth energy budget, it is the focus of our article.
2) The paper covers marine stratocumulus clouds with some hints to trade cumulus and deep convective clouds. What about all the clouds in the middle between these two classes? What about all the not-very-deep but still free atmosphere clouds that are not in a cellular organization? What about other types of stratiform clouds? In such a review these clouds should be covered. 

There is not much past work specifically addressing such cloud types on the issue of AIE. Anyway, the global satellite studies include everything.

3) In a review paper careful attention should be given to references. There are many missing citations of relevant studies that are not mentioned in this review and should be acknowledged. Of course it is impossible to mention all the previous relevant papers but in some cases here, the absence is prominent. On top of that, the manuscript suffers from a problem of extensive self citation. The authors cite their own papers throughout this manuscript and in many cases avoid mentioning other relevant works or citing the other papers in less important parts of the text. This should be treated as a major drawback of such work. Indeed Rosenfeld et al, contributed significantly to this field but since they write this review they have the responsibility to be extra careful to cite other groups. I will not give specific examples as this comment refers to the paper in general. A clear review of the citations and their context is recommended. 

Regarding impacts of aerosols on global-scale circulations, we have added references to recent studies by Allen et al. (2012) and Booth et al. (2012). Many other references were added.
4) What about our limited understanding of ice processes? This is critically important as it governs processes of deep convective clouds, and it is not discussed properly in this paper, either in the section addressing deep convective clouds nor in the “What should we do next” section.    

This gap of knowledge is highlighted in the summary.

In addition, a new section 4 on the role of ice nuclei in supercooled layer clouds was added.

Specific comments: 
1) The second paragraph of the introduction:  

Please clarify the sentence: " ... both of which cause net warming, though nearly all studies find the cooling effect to be larger." 

On which studies is it based? For which scales of time and space the cooling effect is larger? Please provide a more detailed explanation about the aerosol direct radiative forcing. 

The following underlined text was added:

…though nearly all studies find the cooling effects of the non-absorbing aerosols to be larger.
2) Page 8: rain proportional to H^3 was shown also in theoretical work by Kostinski ERL 2008. 

Thanks! The reference and its context were added. 

3) Although used in other papers, the term “collapsed boundary layer” is confusing. Does the MBL vanish? Does the inversion between the MBL and the free atmosphere disappear? The authors should explain more about it or use another term referring to the ultra pristine conditions that cannot hold clouds.

The following text was added:

Because of the essential role of the clouds in determining the lapse rate of the marine boundary layer, the suppression of their formation due to dearth of CCN suppresses also the vertical mixing of air from sea surface to very shallow heights, thus in fact causing the collapse of the marine boundary layer to a thin layer of sea fog composed of drizzle drops.
4) The part that starts by “The equilibrium state of …” on page 14, is hard to follow. It should be rewritten in a clear way.  

The clarity of the text was improved.

5) Page 12: It is not clear why the term buffering is used. Is a forcing of 1 to 10 W/m2 negligible? This is especially true for large decks. The effects are less dramatic compared to a phase/state transition, but still “buffering” is often used with no clear reason.  

The term "buffering" in this context was coined by Stevens and Feingold (Nature, 2009), and therefore we cannot ignore it.  The following text was added to accommodate the valid point of the reviewer:

The buffering should not be regarded as a full compensation, but rather as a negative feedback that attenuates the results of the initial microphysical effect of the aerosols on the cloud microstructure.
6) From page 15: some of the figure descriptions are not correct. Figure 4 is a global map (not the Pacific). It does not show what the authors write.  

Indeed we replaced the regional with global maps in previous revisions, but the old text remained. Now it is corrected. Thanks for catching it.
7) Section 3.1: " Most of the condensed cloud water in deep tropical convective clouds in pristine air mass is precipitated as warm rain (i.e., without the involvement of the ice phase) before reaching the freezing level." 

A recent paper published in ACPD (by Kucienska et al.) shows the opposite: a major part of tropical cloud precipitation forms in the cold phase. How do the authors support their claim that most of the precipitation in deep tropical convective clouds forms below the freezing level?  

If anything, this paper supports the role of aerosols invigorating clouds over ocean when aerosols are added.  However, for vertical profiles of hydrometeors it uses the TRMM 2A12 product that is based on the passive microwave measurements. According to the reviewer comment of Ed Zipser published in ACPD, this product cannot be relied on for making conclusions such as the reviewer of our study asserts in his/her comment here. The second reviewer also states: "TMI data of rain and hydrometeors vertical profiles very uncertain". Using the TRMM precipitation radar vertical profile 2A25 would be much more appropriate, but unfortunately Kucienska et al. do not do that.

Reviewer B: (Andrew Gettelman)
The authors thank the reviewer for the very constructive and insightful comments that helped to improve the manuscript considerably.
Generally I am curious what the intent of the document is: is it to suggest further work? Or summarize and review? It does not do much to suggest future work. It is a nice summary and review, with some uneven spots.  I think with some attention to the comments below, it will make a nice contribution to the literature. I would urge though that a bit more explanation be provided on future suggestions for Satellite and Field programs. It would be valuable for the community for the authors, with their wealth of experience, to comment in more detail than the current draft on this. 
We added now vey specific recommendations, linked to a specific proposed space mission and to a specific concept of filed experiments.

Also, as noted, the paper could use a 'road map' in the introduction to make the goal and the flow a bit more clear.

The specific comments below fall into a few general areas:

1) I think the discussion on convective cloud invigoration could use a bit more assessment of the different model studies.  

2) Section 2.5 on attribution of regime changes to aerosols has a lot of qualitative speculation. This needs to be better justified or eliminated.

3) I also think that the discussion in section 3.2 of stratospheric water vapor being altered by aerosols is focusing on the convection, and missing the basic point that stratospheric spherical water vapor is temperature controlled, not cloud controlled. The discussion could be limited or eliminated and increase the readability of the paper.

4) I was not clear what satellite measurements are bigness proposed: it would be nice to suggest a specific example better in the context of an overall monitoring program. Noting that there are very few planned cloud experiments from space funded now would be good too.  The statements at the end could be sharpened to provide an example of how to answer some of these questions with new field projects.

We responded to the general comments above in the responses to the specific comments.
Detailed Comments

Page 2, Line 7:

 Incur seems an awkward verb. What do you mean?

Incur was changed to "cause"
Page 2, Line 14:

 Which cases. The phrasing here is awkward troughout the abstract and I am not sure why. 

In marine stratocumulus under anticyclones.
Page 2, Line 15:

 missing an article: ...a logarithmic relationship... ? 

The following paragraph was added at the ending of Section 1:

" The metrics of the effect of the aerosols on cloud properties are often defined in logarithmic formulations (e.g., McKominskey and Feingold, 2008; Koren et al., 2008).  This means that the clouds respond to the fractional change in CCN concentrations. This means, in turn, that large impacts can be expected when small amounts of aerosols are added to pristine air. Therefore, the background to which the aerosols are emitted is at least as important as the amount of emissions." 

Page 2, Line 15-17:

 How do observations assume a relationship? 
The word "assume" was changed to "show".

Page 2, L18: Strike-Out : "have reached....stage that they"

Done.

Page 2, Line 19:

 Implementation of what?
of the processes of cloud aerosol interactions.

This was added to the text. 

Page 5, Line 22:

 What additional effects offset the Twomey effect?

Such an effect might be positive radiative forcing due to aerosols impacts on deep convective clouds.

This was added to the text. 

Page 6, Line 3:

 Kiehl et al 2007: geophysical research letters

The reference was added.

Page 6, Line 23:

 A brief outline and road map would be good at the end of the introduction: what are you trying say in this manuscript? How will it be structured? What is the point?

The road map was added.
Page 6, Line 20:

 IF you look at the IPCC 2007 radiative forcing chart, positive GHG radiative forcing from all GHGs is nearly +3 Wm-2. This would seem to easily permit aerosol effects in the range of -1.5 Wm-2 or so...

The discussion is about the likelihood of a net zero or even radiative forcing due to aerosol effects.

Page 7, Line 18:

 What is cloud macro physics? Entrainment? Dynamics generally?

These are defined 5 lines earlier: liquid water path, cloud thickness, cloud cover, etc.

Page 8, Line 3:

 Wouldn't precipitation processes be considered microphysics? I think it would be wise to classify and list processes here. What are the Ci in equation 1?

The following was added to the discussion of (1):

Examples for such properties are cloud liquid water path, precipitation content, geometrical depth, cloud top height, cloud cover and organization.
Page 8, Line 7:

 What does the reference refer to? Which processes?

The processes are spelled out in the previous lines.

Page 8, Line 10:

 Again: what is macro and what is micro? Do you need the distinction?

The following sentence was added before the statement in question:

Aerosols effects on the microphysical properties of boundary layer clouds (i.e., cloud drop size distribution and precipitation forming processes) may affect the macrophysical properties of the same clouds (i.e., cloud LWP, geometrical depth, cover and organization).
Page 8, Line 15:

 Can you describe in another sentence or two how these examples work?

This is discussed in depth in the next sections, especially in Section 2.3.

Page 8, Line 23:

 So then this does not seem to work if h has to be constant?

We cannot see why this would not work for a constant h.

Page 10, Line 10:

 This would be better to state first, and then provide examples. 
We prefer to leave it as it is.
Page 10, Line 30:

could this be called a 'precipitation scavenging feedback'?

Yes. Thanks for this. We incorporated the term in the text.

Page 11, Line 6:

 Open celled regimes

I am not so sure about that.
Page 11, Line 7:

 Rosenfeld 2006 hypothesized that dynamically....

Changed as suggested.

Page 11, Line 10:

 How important are these cellular structures? Only over ocean? What are radiative effects and regions?
The following text was added to Section 2.1:
Marine stratocumulus that form in a stable atmosphere and are maintained by radiative cooling of their tops persist under anticyclones and subtropical highs over the ocean, and occupy nearly 25% of the ocean surface. The radiative properties of these clouds represent large sensitivity to CCN concentrations, and might have a substantial global impact. However, the overall actual radiative forcing from these clouds is a subject of intense debate due to complicated feedback mechanisms that are positive in some cases, mostly in precipitating MSC, and negative in others, mostly in non precipitating MSC.

Page 12, Line 12:

 Does buffering mean a negative feedback?

Yes. The following sentence was added:

The buffering should not be regarded as a full compensation, but rather as a negative feedback that attenuates the results of the initial microphysical effect of the aerosols on the cloud microstructure.
Page 14, Line 13:

 This is repeated from before. I am still not sure what it means: buffering between regimes. I think you mean negative feedbacks that can push back to a different regime?
In fact, aerosol induced transition of regimes constitutes a strong positive feedback. 

Page 14, Line 32:

 How?

The following text was added:

This might require some experiments with controlled dispersion of aerosols into MSC.

Page 16, Line 1-5:

 This paragraph is a bit of a non-sequitur here. How do you go from cells to fc v AOD?

The following text was added to connect logically this papragraph.

Some light can be shed on this question from the shape of the functional dependence of cloud cover on aerosol amounts, as represented by AOD.
Page 16, Line 11:

 This is really speculation: it should be made quantitative with a set of detailed correlations with control for cloud dynamics. 

We agree that this is definitely a worthwhile future study.
Page 16, Line 16:

 Also just speculation: it could just be the edge of an air mass.

This point was a subject of a new study that is now referenced in the text, so that it is no longer a speculation.

Page 16, Line 19:

 Reference? This is speculation and I would urge it be eliminated if it can't be justified.

This is posed as a hypothesis that requires research, and alternative explanations are proposed. We believe that this is appropriate in a position paper.
Page 16, Line 31:

 This number is all satellite based, and given the problems with satellite observations of cloud drop number, I think automatically multiplying the effect by 4 is not appropriate.

The text was modified to read:

If indeed the cloud cover effect is much larger than the cloud drop radius effect, the AR4 range has to be increased by a large factor to account for  other for effects.
Page 17, Line 13:

 Or the inverse methods are wrong.
The inverse methods are simple arithmetic. There is no sophistication there that can go wrong.

Page 17, Line 24:

 I think trying to find large canceling effects is a bit silly. Though I can see looking in the soup of deep clouds where anything is possible. 
Why is it silly? The fundamental understanding of how we come to the bottom line of the budget is necessary, especially if we cultivate any hopes for being able to predict the energy budgets in future climates.

Page 17, Line 30:

 Masses?

Changed to "masses".

Page 18, Line 8:

 Observations of this?

The following was added to the text:

This was observed in the Amazon (Andreae et al., 2004) and in India (Freud and Rosenfeld, 2012; Konwar et al., 2012).
Page 18, Line 11:

 the freezing level would cause the cloud water

Changed as suggested.

Page 18, Line 26-28:

 General question: how do you wade through this soup of simulations to figure out what is right? Can you provide some assessment?
There is not much disagreement between these papers.

Page 21, Line 1:

 Is there any evidence that aerosol invigoration increases UTH?

The bullet was changed to read:

· The evaporation of the detrained aerosols is likely to enrich the upper troposphere with water vapor, which act there as potent green house gas with additional strong positive RF.

Page 21, Line 3:

 What about ice nucleation? This effect is likely a significant fraction of the albedo effect, and seems positive from available studies (Penner wet al 2009, ACP: Possible infuence of anthropogenic aerosols on cirrus clouds and anthropogenic forcing; Hendricks et al 2011, JGR, Effects of ice nuclei on cirrus clouds in a global climate model)

This was added within the new Section 4.
Page 23, Line 7:

 The problem with this section (3.2) is that stratospheric water vapor is pretty much controlled by Lagrangian (parcel experienced) cold point temperatures over much broader areas of the tropics than the convective regions. This discussion focuses on the convective injection of water, which does not seem to match inter annual variability of water vapor in the stratosphere. I think the radiative effect of modifying convective anvils is worth discussing, I think if you want to make the case for modifying stratospheric water vapor you have a lot more explaining and review to do: the Solomon et al results are coincident with a drop in tropopause temperatures around 2000 that was sustained for several years. 

This issue is now addressed and explained in the new text.
Page 25, Line 15:

 to physically based methods....

Changed as suggested.

Page 25, Line 18:

 This Neale et al reference should be Liu et al, 2011 Geo Sci Model Dev Disc

The reference was changed.

Page 25, Line 20:

 What is 'macrophysics'?

This sentence has been rewritten to clarify what is meant my macrophysics:
The chief limitation in GCM representations of aerosol-cloud interactions arises from simplifications in their cloud macrophysics (the processes governing the environments for activating cloud liquid and ice particles and their subsequent microphysical evolution, whose spatial and temporal scales are often not resolved by GCMs)…
Page 27, Line 3:

and the ECHAM5-HAM model (Lohmann 2008, Global anthropogenic aerosol effects on convective clouds in ECHAM5-HAM)
Added.

Page 27, Line 27:

 Deep convection seems like the bigger problem from the text: need to get the balance of processes right. How do we know what happens in reality? What do all the small scale models mean?
We can't really tell yet which knowledge gap is deeper, for the shallow or deep clouds?

One thing is for sure – we need more high resolution quality observations.

Page 27, Line 29:

 These models = GCMs?

It is now spelled out to read:

both cloud resolving and global circulation models
Page 28, Line 1:

 How will you get 100m horiz and vertical from space? How will you simulate that in a global model?
Now a new publication appeared, so that the following line could be added:
A way to do that is described by Rosenfeld et al. (2012) in a proposed satellite mission.

Page 28, Line 3:

 But will knowing the surface (top) help?

The underlined text was added:

A multi-spectral imager can map the microstructure and temperature of the cloud surfaces at various heights above cloud base.

Page 28, Line 9:

 What mission? Near IR and visible? How are you getting cloud base again with that?

Please see the new reference to Rosenfeld et al. (2012).

Page 28, Line 26:

 What about ice nucleation?

The following text was added:

and by the IN effects on glaciating supercooled water clouds.

Page 29, Line 8:

 What are the key processes though? If regime transitions are key, is it precip formation?

The following text was added:

Key processes that are involved in the AIE are the precipitation forming processes and the response of the cloud properties to the precipitation, which have profound impacts on the clouds and their environment. Some of these impacts are the formation of downdrafts and cold pools that alter the dynamics of the clouds, change the vertical diabatic heating profiles and the atmospheric instability, and scavenging the aerosols that affect the clouds at the first place.
Page 29, Line 20:

 Ice nucleation for cirrus and anvils? Shallow cold arctic clouds?

In fact, it pertains not only to a specific type of clouds. The following text was added:

for both layer and deep convective clouds, both low and high level, in the arctic and lower latitudes.
Page 29, Line 28:

 Large scale alteration of the general circulation is not a weather issue:but precipitation delay or alteration is.

The underlined text was added:

weather patterns at all scales
Page 30, Line 2:

 This is a pretty bland statement: what specifically could we do to take the next step?

The following text was added to this paragraph:

Present day satellite missions (CLOUDSAT, CALIPSO, GPM) focus at measuring the precipitation and large cloud particles and aerosols, but lack the critical measurements of CCN and detailed cloud microstructure. An example of a proposed satellite mission that is being designed to address the issues described here is given by Rosenfeld et al. (2012). An example of the concept of field campaigns that are designed to address this issue is given by the Aerosols-Clouds-Precipitation-Climate initiative (Andreae et al., 2009), which provides the template for the design of closure box experiment for quantifying all the energy and mass fluxes within a region of several hindered km on the side.

Page 46, Line 3:

 Figure 1: Is this figure referenced in the beginning?

Yes.

Reviewer C: 
Overall recommendation: Accept with minor revision.
The authors thank the reviewer for the very constructive comments that helped to improve the manuscript considerably.

Major comments:
            This review study summarizes the main mechanism by which aerosols impact radiative forcing through their impact on cloud properties, noting that there are significant uncertainties in the net effect of such indirect aerosol effects. A comprehensive review of the literature is made in the manuscript, with the results of the different quoted studies highlighting the complexity of the problem at hand. The implementation of such effects in large-scale models is also discussed. The separation of effects for shallow and deep clouds is also beneficial.
            Although the study is very complete, I think there are a couple of ways in which the manuscript could be improved to make it more readable, and to make the recommendations and priorities made more clear to the community. The article is very text heavy. Perhaps this is necessary because the authors are trying to summarize the findings of different studies and the caveats associated with such findings. Nevertheless, the main message could be lost in the details presented. Thus, I would recommend:
1)     A bulleted or numbered list of recommendations (i.e., a list of what is known about aerosol effects, a list of steps that need to be taken to improve this knowledge, etc.)
Tables 1 and 2 were added in response to the comment.
2)     As the authors state, there are many different pathways by which aerosols can influence cloud and radiative properties. Figures, such as Figure 7 in the manuscript, are very informative for giving a clear conceptual pathway in the manner these effects operate. Can additional such figures be prepared that would illustrate the fundamental physical processes acting in shallow cumuli. In addition, a conceptual figure in the chapter on regime changes could also be beneficial.
New Figures 3 and 10 were added in response to this comment.

3) The authors do a good job in referencing different studies and their alternate findings (e.g., model calculations of aerosol indirect effect listed on page 5). It would be nice to have a table where all these different values could be listed—I’m sure there are additional studies from the literature that could also be included in such a table. This would then give researchers a great resource in a compact form to refer back to when trying to examine discrepancies between past studies. 
There is much noise in the publications, so that quoting them unselectively would not be a good idea. On the other hand, I am afraid that selecting only ones that we trust most to a table will be too presumptuous on our side. Therefore, we elected not to provide such a table.

There are also a couple of additional comments I would like to make on the manuscript.
1)     The quality of the writing is highly variable throughout the manuscript. Some parts are very well written and others are very rough. A very careful editing is required to ensure not only consistency of style, but also to make sure the manuscript is readable.
2)     I find the absence of any discussion on meteorology puzzling. Obviously the impact of aerosols on clouds and radiation is highly variable because of different meteorological conditions. The need and difficulty of separating aerosol effects from meteorological effects on clouds should be more clearly stated.
The meteorology is there.
Some example from the text are:

"Marine stratocumulus that form in stable atmosphere and maintained by radiative cooling of their tops persist under anticyclones and subtropical highs over the ocean".

" Cloud simulation studies have generally confirmed the invigoration hypothesis for deep warm base clouds with weak wind shear in moist environment. For other conditions no invigoration was obtained, and for cool base clouds, dry environment and/or strong wind shear the precipitation amount was even decreased".

"They (Koren et al., 2010a) also partitioned their analysis to different meteorological conditions that control the depth of the convection, and still found the aerosol invigoration effect having a similar magnitude for the different meteorological partitions."
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