Response to Review C
Thank you for your thoughtful and helpful review of our paper. It has helped us to craft a more precise and readable paper. Below we list your comments (in red) and our responses (in black). 
We have eliminated the analysis and discussion of the meridional gradients in planetary albedo and the implications for meridional heat transport from the revised manuscript. This has allowed us to shorten and focus the manuscript and more carefully discuss and analyze the uncertainties in the datasets used, the assumptions of our methodology, and the uncertainties in our results. Additionally, eliminating the discussion of the meridional gradients has allowed us to analyze the partitioning of planetary albedo in global warming simulations.    
Major point: ambiguity in the attribution of radiative flux data to atmospheric reflection. The authors describe a method based on Taylor et al. (2007) by which up- and downwelling shortwave fluxes at TOA and surface can fitted to a simple

absorption/reflection model, and thereby attribute a certain fraction of the upwelling flux at TOA to reflection by the atmosphere independently of the surface albedo. My concern is that the results of this paper are largely dependent on details of this model. The attribution is NOT uniquely determined by the available data. In my opinion, the conclusions reached about the relatively small role played by surface albedo are not justified. The authors need to validate this simple attribution method more carefully.

Are the authors perhaps systematically overestimating the reflectivity of the atmosphere, and thus underestimating the effect of the surface albedo on the planetary energy balance?

We test the sensitivity of our results to the assumptions made in the simple radiation model in Appendix A of the revised manuscript.  There, we have repeated the analysis presented in the manuscript using the Taylor et al. method and a method that assumes the absorption of radiation occurs in the first downward pass through the atmosphere only at the same vertical level as the cloud reflection. We demonstrate that the qualitative results presented in the manuscript are insensitive to the assumptions made in the simple radiation model. 
A specific numerical example, which might loosely fit some part of the high-latitudes: assume that the net absorptivity of the atmosphere is 0.3, the TOA albedo is 0.5, and the surface albedo is 0.7. I calculate R = 0.24, and (mu gamma) = 0.1 So the present authors would attribute fully half of the upwelling TOA flux to direct atmospheric reflection, whereas the Taylor et al. model suggests only about 20%.

This is an interesting specific example that highlights a region of the radiative flux space in which the Taylor et al. model and our model diverge significantly. To be clear, as the reviewer points out, the input data puts a constraint on the amount of radiation that is absorbed in the atmosphere. In the Taylor model, this is equal to (1-μ) because all the absorption occurs in the first pass through the atmosphere. In contrast, the total absorption does NOT equal A in our model because some absorption occurs during each pass through the atmosphere; in this specific case, A equals 0.20 in our model. 

The reviewer is correct to point out that our method calculates that the atmosphere contributes 50% of the total planetary albedo in this case where as the Taylor et al. methods finds that the atmosphere only contributes 20% of the total albedo. We understand this result as follows:

The three pieces of information given in the example also constrain the ratio of downwelling radiation at the surface to the downwelling radiation at the top of the atmosphere, which is approximately equal to the atmospheric transmissivity (neglecting the contribution of multiple reflections to the surface downwelling flux). In this specific case, the transmissivity is 0.67. The Taylor method constrains the absorption during the first pass to be 0.3 such that even if there were no reflection, the transmissivity would be 0.7. Given these constraints, the atmospheric reflectivity must be small in the Taylor method. Our method is subject to the same constraints, but since the absorption percent per pass (A) is slightly less, the atmospheric reflection in our model is found to be higher in order to maintain the tranmissivity. There is also a higher order effect, since the larger reflection in our model (as compared to Taylor et al.) also contributes to the downwelling surface flux, thus increasing the R value in this case even more, while still satisfying the given ratio of downwelling radiation at the surface relative to the top of the atmosphere.
In this circumstance, the two methods diverge, and we understand this to be a consequence of the near equality of the absorption and atmospheric opacity (one minus the transmissivity). It is important to ask if the real (or modeled) atmosphere occupies this domain of the radiative flux ratios. We examine this by comparing the percent of incident radiation absorbed in the atmosphere (Figure 1a) and one minus the percent of incident radiation fluxed to the surface (Figure 1b—approximately the opacity of the atmosphere if we neglect the contribution of multiple reflections to the downwelling surface flux). The ratio of these two terms (Figure 1c) can be thought of as the fraction that atmospheric absorption contributes to the atmospheric opacity (if we account for multiple reflections, this is an upper limit of how much absorption contributes to opacity). This ratio is 0.9 in the example given by the reviewer and is substantially lower in the observations (the crosses in 1C denote gridpoints where the ratio is above 0.8), suggesting that this domain of radiative flux ratios is rarely realized in the observations (and also in the model runs, not shown). Thus, the specific example given by the reviewer is interesting, but not relevant to the results presented in the manuscript. This point is further demonstrated in Appendix B where we demonstrate that the partitioning of planetary albedo in the observations and models is very similar regardless of whether the Taylor et al. method or our method is used.
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Figure C1. Observed annual mean (A) fraction of incident shortwave radiation absorbed in the atmosphere, (B) fraction of shortwave radiation incident at the TOA that is downwelled at the surface (C) plot A divided by B. (C) is approximately the contribution of atmospheric absorption to atmospheric opacity and values above 0.8 are indicated with a black cross.

I am particularly suspicious about some of the results from the altered climate states. Taking the most extreme comparison: going from Aquaplanet to LGM, Fig.7A shows very large increase in surface albedo, and smaller but still substantial increase in planetary albedo in the extra-tropics. Conventional wisdom would hold that the planetary albedo increases because of the large increase in surface albedo, but that the change is partially muted by a decrease in cloud cover at high latitudes. The authors' algorithm, on the other hand, attributes a substantial part of the increase in planetary albedo to an

increase in the atmospheric contribution... suggesting an increase in high-latitude cloud cover (and/or absorptivity) in the colder climate. I would have much more confidence in the attribution method if the authors could show a few model diagnostics for the changes in optical properties of the clouds between these two extreme cases, and at least show that it has the correct sign.


The comparison of the LGM and AQUA simulations is complicated by the fact that the AQUA run (GFDL) and the LGM run (NCAR CAM3) are performed with different climate models; a direct comparison between the two runs confuses differences due to the altered surface albedo distributions with model differences (in particular, the cloud properties). Our analysis demonstrates that inter-model differences in cloud albedo are very large (the spread on the ordinate of revised Figure 6d). Indeed, the NCAR model has much larger atmospheric albedo in the extratropics than the GFDL model (in the PI runs).

Further analysis shows that the changes in atmospheric albedo between the AQUA simulation and the PI simulation in the same model are rather small (Figure C2, also included in the revised manuscript). Similarly, comparing the QUAD run with the PI and LGM simulations in the same model, one can see that the changes in atmospheric contribution to planetary albedo is small in the regions where the surface albedo has changed the most; the changes in surface albedo between the LGM and QUAD simulations are largest around 53˚ (sin(ϴ) = 0.8) while the atmospheric contribution to planetary albedo is virtually unchanged in the same region.  In fact, in the high-latitudes where the surface albedo has decreased in the QUAD run, the atmospheric contribution to surface albedo increases; over this region, the change in planetary albedo due to surface albedo changes can not be misattributed to atmospheric processes because the two component changes have opposite signs. A discussion of these points has been added to the manuscript.  
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Figure C2. (A) The zonal average surface albedo in the GFDL PI simulation and AQUA simulation. (B) The zonal average surface and atmospheric contributions to planetary albedo in the GFDL PI and AQUA simulations. (C-D) as in B and D except for the NCAR simulations of the PI, LGM, and QUAD. 
Minor points:

(1) I found the manuscript a bit tricky to read in many places, due to cumbersome

wording. I suggest that once quantities such as, e.g. "surface contribution to hemispheric average planetary albedo" (page 20, four lines up from bottom) are defined, that appropriate symbols or abbreviations be introduced and used in the text (as was done with ASR*). This would clean up the text considerably. A reference table with all symbol definitions is always helpful to guide the confused reader.

We have introduced a more succinct terminology for the surface and atmospheric contributions to planetary albedo throughout the text. We have also added a reference table with symbol definitions.
(2) Please give explicit formulas by which R and A are calculated from the flux data. It may be appropriate to outline the derivation in the main text, and give explicit formulas in an appendix. But since these quantities are central to the analysis throughout the paper, they should be included somewhere. (I had to finish the derivation myself to make sure I understood what was being calculated).

The system of equations that is solved is derived in the main text of the revised manuscript. We have also provided equations for the surface and atmospheric contributions to planetary albedo. 
(3) I would like to see more attention to error bars and significance of numerical results. How reliable are the ERBE data? Is it possible to provide meaningful error bars for the numbers given for ASR* at the top of page 11, for example? Is the difference between the two hemispheres significant? Along the same lines, please be more consistent in the number of significant digits reported for numerical results. For example, at the bottom of page 15 we find hemispheric average planetary albedo reported to 4 digits... I find it hard to believe the data are that precise.

We have added a discussion and pointed the reader toward more extensive literature reviews of the uncertainties in the observational data sets in the revised manuscript; our quantitative results are appropriately caveated in the revised manuscript. We are uncomfortable assigning specific error bounds on the calculated observational quantities because doing requires knowledge about the nature of the errors (i.e., are the errors random or systematic? What are the decorrelation temporal and spatial scales of the errors?) that are beyond the scope of our work and are not reported in the literature (to our knowledge).  
(4) Page 3, line 7: "Virtually all atmospheric and oceanic motions derive their energy from meridional gradients in ASR".

Convection in either fluid seems to me an obvious exception to this statement.

This sentence has been removed from the revised manuscript.
(5) Page 3 bottom, sentence beginning "Enderton and Marshall (2009) found that ... the climate simulated by climate models is extremely sensitive to changes in the equator-to-pole gradient of planetary albedo."

Wording seems to imply that the albedo is somehow imposed on the climate system, rather than an interactive property of the system.
This sentence has been removed from the revised manuscript.
(6) Page 5, 9 lines up from bottom: "They also found that, while year-to-year variability of planetary albedo in cryospheric regions was dominated by changes in surface albedo..."

This seems important, in that it implies a strong coupling between surface conditions and the overlying cloud cover, such that TOA albedo is coupled to surface conditions even if much of the reflection occurs at cloud level.

We interpret the Qu and Hall result to imply that the inter-annual variability of the surface albedo is much larger than the inter-annual variability of the atmospheric reflection in the cryopheric regions. Qu and Hall (2005) calculate the contribution of the covariance between cloud cover and surface albedo to the inter-annual variability planetary albedo and find the contribution to be small as compared to the direct contribution of surface albedo to planetary albedo. In their own words: “We also demonstrate that cloud-cryosphere covariability on seasonal and interannual time scales is very small in the real climate.” This conclusion runs counter the implication suggested by the reviewer. 
Maybe stop here… I couldn’t stop myself.

It should be noted that, our results are in conflict with the results of Hall and Qu. Our calculations indicate that the surface albedo contribution to planetary albedo is substantially smaller than their findings. We have verified that this is a methodological difference by using their method on the dataset considered in our manuscript. This is an unresolved issue. We present one possible explanation below. 


The Qu and Hall method relies on the regression coefficient between surface albedo and planetary albedo to determine the atmospheric attenuation of surface albedo (this is a slight simplification of their method). This method lumps the covariability of cloud reflection and surface albedo into the surface contribution to planetary albedo.  More explicitly, the change in planetary albedo with surface albedo is
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The first term is the direct contribution of surface albedo (our αP,SURF) and the second term is the covariance of clouds with surface albedo. We would only attribute the first term to surface albedo changes where as the regression method of Qu and Hall attributes both terms to the surface albedo change. Thus, our definition of the contribution of surface albedo to planetary albedo differs from the definition given by Qu and Hall and this could be the cause of the divergence of our results. Such an analysis is beyond the scope of the present manuscript.     

(7) Page 6, line 6, replace "ice-age" with "ice-edge".

Corrected.
(8) Page 9, footnote: "... our index of the meridional difference is more accurate than that obtained by expansion in terms of Legendre polynomials"

To be clear, you mean more accurate than an expansion truncated at 2nd order.

This footnote has been removed from the revised manuscript.
(9) Page 10, line 7, sentence begins "The covariance contributes... smaller than the global mean solar weighted planetary coalbedo".

Please reword. It took me several iterations to understand what was being said here.

This sentence has been removed from the revised manuscript.
(10) Page 14, paragraph beginning "The map of the atmospheric contribution to planetary albedo ..."

Add a reference to Fig. 3D to help orient the reader

Added.
(11) Page 16, line 4, sentence beginning "With the exceptions of the cryospheric regions, the meridional structure of planetary albedo..."

Please reword. I'm still not sure what's being said here.

This paragraph has been rewritten.
(12) Page 16, last sentence, "The meridional structure of attenuation..." very long sentence, hard to follow. See point (1).

This sentence has been removed from the revised manuscript.
(13) Page 18, first line, misplaced parentheses.
This sentence has been removed from the revised manuscript.
(14) Page 19, replace "Lucarina" with Lucarini

Replaced.
(15) Page 20, 12, replace "much greater than" with "twice"

Replaced.
(16) Page 20, 4 lines up, "surface contribution to hemispheric average planetary albedo" is repeated twice here? I'm confused.

The repetition has been removed and the wording condensed in the revised manuscript.
(17) Page 24, 4 lines up, replace "total atmospheric contribution to ASR*" with "total ASR*". Or did I miss something here?

This sentence has been removed from the revised manuscript but, yes, you were correct. 

(18) Page 24, footnote, "due to the dependence on a-bar". Refer back to equation 3.

This footnote has been removed from the revised manuscript.
(19) Page 26 bottom, Page 27 top. Missing some thetas?

This section has been removed from the revised manuscript.
(20) Page 27, 8 lines up, "The near equality in Equation 11..." I believe this should refer to Equation 10.

This sentence has been removed from the revised manuscript.

(21) Page 28, first line: "As indicated from Equation 10, ... ASR* forces a circulation..." This is not true. Equation 10 is simply a statement about radiative disequilibrium.

There is no "forcing" in this equation in a dynamical sense. Please revise.

This sentence has been removed from the revised manuscript.

(22) Page 29, footnote: replace "casual" with "causal"

This footnote has been removed from the revised manuscript.

(23) Page 30, last paragraph.

In figure 7B, I see substantial change in the high latitude planetary albedo in the altered climate states. It's true that these changes are smaller than the corresponding changes in surface albedo in Fig. 7A. But the numbers cited by the authors in this paragraph refer to the attribution of the outgoing flux to surface versus atmospheric processes, which seems quite uncertain to me (see the major point above). Regardless, the wording of this paragraph should be revised to indicate clearly whether the authors are addressing changes in planetary albedo, or changes in the attribution of the planetary albedo to surface versus atmosphere. 

See our response to the second major point. This discussion has been rewritten and expanded upon in the revised manuscript.  
(24) Page 31, 4 lines down, "These simulations support the methodology..."

I'm not sure what the argument is here. Are you just saying that changes in planetary albedo and the attributed "surface" component of the planetary albedo have the same sign?
See our response to the second major point. This discussion has been rewritten and expanded upon in the revised manuscript.  
(25) Page 31, last line: "change global average" ---> "change in global average"?

This sentence has been removed from the revised manuscript.
(26) Page 34, line 2, "These results suggest that surface albedo plays a significantly smaller role in forcing the climate system..."

The trouble with this conclusion, aside from the reliability of the attribution method as I've already outlined, is that it ignores any possible coupling between the surface conditions and the cloud cover. These are surely not independent of each other.

This discussion has been removed from the revised manuscript.
(27) Page 34, line 5, "... contingent upon the reliability of the CERES surface radiative fluxes..."

This caveat should really come earlier, where the data are first introduced. Can the authors say something about possible biases in their attribution calculations because of known biases in the CERES data?

We have propagated error bounds in the CERES products to our calculated fields in the revised manuscript. We have also added a discussion of the uncertainty in the input datasets when the data sets are first introduced. 
(28) Page 35, line 9, "... equator-to-pole gradient of net shortwave radiation at the

surface (not shown)."

This statement does not belong in the conclusions. Mention somewhere earlier in the text if necessary. The conclusions should refer only to the actual results presented here.
This sentence has been removed from the revised manuscript.
(29) Page 36, 3 lines up, "... delta is reduced in a colder and drier planet..."

Please reword this to be more clear that this a speculation.
This sentence has been removed from the revised manuscript.
Figure 3: I would prefer to have the same color scale on all four panels for easier

comparison. Does B+D=C ? If so, it would be helpful to indicate this in the caption.
We have revised the figure; all four panel have the same color scale. We have clarified that panels B+D=C in the main text of the revised manuscript (Equation 9)
Figure 7: I would prefer to see the same vertical axes on all panels for easier comparison, or at least on panels A and B, since they are side by side and already span similar ranges.
We have revised the figure; all panels now have the same vertical axes.
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