We thank Dr. Trenberth for his review and the points he made regarding our treatment and presentation of the atmospheric energy budget.  Our methodology for balancing the energy budget DOES differ from Trenberth and Stepaniak (2003—hereafter TS03) and we regret that the methodological differences were not accurately and clearly conveyed in our original manuscript. We describe below and in the Appenidx of the revised manuscript the differences between our methodology and that used in TS03 and emphasize that the choice of methodology has a very small impact on the conclusions reached in our manuscript (shown below). 
Our methodology differs from TS03 in two major ways: more details of the differences are provided below as responses to Dr. Trenberth’s review comments.  First, we ignore the kinetic energy term, which is two orders of magnitude smaller than the dominant terms in the energy balance equation (see Figure 9 in this document). Second, we do the energy flux convergence calculations in advective form and exclude the mass convergence in our calculation of the horizontal convergence of energy flux. We derive this form of the equations in the Appendix of the revised manuscript and demonstrate that the terms we ignore are small relative to the total energy flux and have a trivial impact on the calculations presented in our manuscript.  We also show (in the attached document) that the energy fluxes calculated in this study are in excellent agreement with those of TS03;  the difference between our methodology and that of TS03 has a small quantitative impact on our calculations and is inconsequential to all of the conclusions reached in our manuscript. 

We have redone all of our analysis using the same data and methodology as TS03 (www.cgd.ucar.edu/cas/catalog/newbudgets/index.html#AtD ). Specifically, we include the kinetic energy term in the calculation and use the TS03 definition of column energy tendency and horizontal heat flux convergences. The data set used in TS03 is also derived from a different resolution reanalysis than our data set. Using the TS03 data set in conjunction with the CERES shortwaves fluxes at the TOA and surface and the OLR allows us to repeat our analysis of separating the atmospheric heating into SWABS and SHF while using the identical definition of the atmospheric energy budget terms as in TS03. Below, we include all of the relevant figures that were in our original  paper only now using the TS03 data set and methodology. As you can see, the figures and main scientific points made in our original manuscript are nearly unchanged; minor quantitative differences as well as our response to your major review comments are presented below. 
Differences in quantitative results discussed in the manuscript due to using TS03’s data and methodology

In our methodology, 78% of the observed seasonal cycle of atmospheric heating is due to shortwave atmospheric absorption. Using Trenberth’s data, that value becomes 70%. 

-Line 321: “The atmospheric energy tendency leads the insolation in both hemispheres. In the southern extratropics the phase lead is 54 days..”  Using Trenberth’s data, the phase lead becomes 53 days.
-Line 324: “In the northern extratropics, the energy tendency leads the insolation by 62 days in the observations …” Using Trenberth’s data, the phase lead becomes 64 days.
-Line 555: “In the midlatitudes of the NH, the gross differences in the seasonal atmospheric heating over the land domain and the ocean domain forces a seasonally varying zonal energy exchange between the land and ocean domain of 4.1 PW…” Although the division of atmospheric energy fluxes into zonal and meridional components is not possible with the output fields we have from Trenberth and Stepaniak’s data, the seasonal amplitude of the Land-Ocean contrast in total (meridional plus zonal) heat transport convergence is 4.3 PW.  In our calculations, the same calculation gives 4.4 PW and is decomposed into a 4.1 PW zonal component (mentioned in the manuscript) and 0.3 PW Land-Ocean contrast in meridional heat transport convergence.  

Specific responses to major review comments

Dr. Trenberth’s comments are shown in red, and our responses appear in black.
In Eq 1, the moist static energy (MSE) is referred to.  There is no such thing as a MSE equation.  MSE has meaning only for a certain mass of the atmosphere.  The energy is given by IE+PE+KE+LE (internal, potential, kinetic and latent energy).  Only by vertically integrating can one get from IE+PE to SH (sensible heat) plus the surface geopotential SH+Phi_s.  The MSE does not occur.  In the RHS of the equations one can get to MSE but not on the LHS in the tendency term… Also incorrect are the vertical integrals which should be inside the d/dt and del.  operators. Also d/dt should be a partial derivative.   
Regrettably,  Equation 1 of our original manuscript did not accurately reflect the calculations we performed.  It should have read:
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where L is the latent heat of vaporization of water, Q is the specific humidity, and cP is the specific heat at constant pressure. The potential energy should NOT appear within the integral in the left hand side of the equation and the derivatives should be partial derivatives – these were both typos in the original manuscript. We note that this equation differs from TS03; our vertically integrated atmospheric energy budget is derived staring from the advective form of the atmospheric energy budget. A complete derivation of this equation and the magnitude of the approximations made is included in the Appendix of the revise manuscript.  

We emphasize that the choice of methodology has a very minor effect on the calculations presented in our manuscript (see below) and no bearing on the conclusions we reach. 
But one also has to include kinetic energy, which is missing on both sides of the equation.   
We analyze the effect of excluding the kinetic energy from our calculations of the column energy tendency and horizontal energy fluxes by calculating the seasonal amplitude of the zonal average energy tendency and energy flux convergence using TS03’s data with and without the kinetic energy included. The dashed lines in Figure (9) of the attached document show the seasonal amplitude of the total energy minus the kinetic energy (comparable to our calculations) and the solid lines show the same calculation using the total energy. Excluding the kinetic energy has a small effect on the seasonal amplitude of both the energy tendency and energy flux convergence and the errors induced by neglecting kinetic energy change in sign from one latitude to the next resulting in very small errors at the hemispheric scale (the focus of our paper). The seasonal amplitude of energy flux convergence integrated over the Northern extratropics is underestimated by 1.5% by excluding the kinetic energy while that in the total energy tendency is underestimated by 1.6%.  In the Southern extratropics, the seasonal amplitude of energy flux convergence is overestimated by 2.1% by excluding kinetic energy while that in total energy tendency is overestimated by 0.7%. Overall, the errors induced by neglecting kinetic energy have a very small impact on the quantities calculated in our manuscript.   
Also by including moisture to convert DSE to MSE, the moisture equation comes in and the LE (surface evaporation) term is replaced with LP the precipitation term by the addition of an L(P-E) term.  So the SHF term in eq (1) is also incorrect: it is no longer a surface flux term but involves precipitation and not evaporation. Globally these are similar for the annual mean but not monthly and not geographically.
We respectfully disagree with this statement. Substituting for Q1, Q2 and, QF in TS03’s Equation (6) one finds that precipitation cancels out and only the surface evaporation enters the atmospheric energy budget, consistent with our Equations (1-3). More explicitly, TSO3 state that  “FS=LES + HS + RS is the net upward flux at the surface” where HS is the sensible heat flux and RS is the net downward radiative flux at the surface. This equation differs from our Equation (3) by the surface solar flux only (which is accounted for in our SWABS). Conceptually, although the atmosphere is only heated by the latent heat released when precipitation is formed, the evaporation must either be balanced by precipitation (releasing energy locally in the atmosphere) or moisture export (moving energy away from the column). Therefore, the surface evaporation is equated with the energy input into the atmosphere although some of the energy input is not realized locally. 

The surface radiation is taken from CERES but is not discussed or validated. This is not assessed and no evidence is presented to suggest it is real.  On the other hand, the recent paper by Kato et al (2011) shows that their latest surface radiation budget implies an imbalance of over 20 W m-2 when combined with reasonable estimates of sensible and latent heat fluxes, casting doubt on the values used here. 
A discussion of the uncertainties in the CERES shortwave fluxes and the projection of these uncertainties onto the quantities calculated in our manuscript has been added to the revised text.  We note that the CERES surface shortwave fluxes are the best available estimate of the surface solar fluxes on a global scale.   

35: Kiehl and Trenberth has been updated with Trenberth et al 2009
Citation added.

38: the surface is in approximate energy balance: in fact with global warming there is a positive flux of order 1 W m-2.
We have added the caveat “provided that energy is not accumulating in the system” to this statement.
51: “annual cycle” this is a key part of the paper that it deals with departures from the mean, not the whole annual cycle, and the terminology needs to be made clear.
The terminology “annual cycle” is used throughout the literature.

52: the annual cycle is documented in detail in Trenberth and Stepaniak (2003a,b) as well as Fasullo and Trenberth (2008a,b) just not for shortwave at the surface.
These citations do not address the source of the seasonal heating of the atmosphere.

68: surface fluxes give some heating but LE is actually moistening: the heat is only realized as precipitation.
We disagree. Some of the latent energy flux is balanced by moisture export. See the discussion earlier in this document.

75-79: Huh?
See Figure 4 of the manuscript and Takahashi (2009). 
94: seems to ignore cloud?
Shortwave absorption by cloud water is much weaker than that of water vapor (Arking 1996 and Chou and Lee, 1996).  

135: not “heat” but “energy”
Changed.

146-186: the description of datasets and their properties and credibility is totally inadequate.  They must be credible to do what is attempted here.  Surface solar is not.
A discussion of the uncertainties in the datasets has been added to the results section. 

159: not clear.  The ref has no “advective equations”
This reference has been replaced by Trenberth and Smith (2008). The form of the energy equation used in the manuscript is now derived in the Appendix.  
165: this description also is not adequate.
The description has been expanded in the revised manuscript.
177-178: several models in CMIP3 do not balance the energy budget and some archived incorrect quantities; see for instance Trenberth and Fasullo (2009, 2010).
The annual mean energy budget (or lack thereof) is removed from all of our analysis by construction of the harmonic analysis.

194-195: spelling
Fixed.

187 on:  The results depend on flawed framing and equations and hence have little credibility.
See response the major point above. The same results are found using the flux form og the equations.
Fig 2: Trenberth and Stepaniak computed the net surface heat flux, while here the solar is separated out.  Why isn’t the surface solar shown and evaluated?  
The surface solar is an exchange of energy between the sun and the surface; it does not enter the atmospheric energy budget.

209: Isn’t Fasullo and Trenberth 2008b relevant here?
Citation added.

210-224: Fig 3: here only the component in phase with the sun is shown.   The other component should also be given. Isn’t it obvious, indeed trivial, that solar heating is in phase with the sun?  Meanwhile surface fluxes are obviously not.  The finding here lines 246-247 is surely not profound.
As stated in the text, the conclusions reached in this study are independent of whether the phase of the insolation, the phase of the total heating (SWABS + SHF), or the phase of the total energy tendency are used to define the seasonal amplitude. Figure 10 below shows the seasonal amplitude in phase with the total heating; it is nearly unchanged from the amplitude in phase with the insolation (Figure 3 of the manuscript) with the exception of the tropics (where semi-annual frequency contributes to the seasonal cycle of). SWABS dominates the total heating at almost all latitudes and is in phase with the insolation. Thus the phase of the insolation adequately captures the total heating. This point is fundamental to the system behaviour and is not merely a consequence of the definition of amplitude used.   

226-267: Here results of Trenberth and Stepaniak seem relevant: the dominant diabatic heating of the atmosphere is from latent heating in terms of structures etc.  Of course latent heating is not realized as a temperature increase but rather as adiabatic cooling and subsidence elsewhere. The results proclaimed from 248-267 are not established.  One has to be very careful since they refer only to the departures from the annual mean and the statements are misleading.
This whole discussion in the manuscript is framed in terms of the contrast of the annual mean heating of the atmosphere and the seasonal heating of the atmosphere. The text distinguishes between whether statements are being made about the seasonal cycle or the annual mean. In the annual mean, the diabatic heating of the atmosphere is dominated by latent heating as discussed in Trenberth and Stepaniak. We have demonstrated that the same is not true for seasonal anomalies.
268 on: Here again the narrowing to the in-phase component is misleading. Nowhere do the authors address the role of latent heating from precipitation, for instance.
The latent heating is included in the SHF term. She discussion in the major points section of this document.
295: these papers are not available.
These papers are available through the Journal of Climate and Proquest.

305: there are similar levels of storminess year round in the southern hemisphere but it is much broader in extent in winter.
The text does not contradict this statement.

320-329: The temperature response lags the insolation but the temperature tendency is in quadrature with temperature, so 90/360 (degrees) or about 92 out of 365 days. A 51 day lead by tendency is really a 41 day lag of temperature.  This discussion should be couched in these terms.
The phase of the temperature has been added to the discussion.

410: section 5.  Here Trenberth and Fasullo (2009; 2010) is very relevant and completely ignored. The role of clouds is ignored in this paper but surely plays a major role in solar radiation.  Footnote 8 may not be valid owing to rather different changes in clouds across models.  
Shortwave absorption by cloud water is much weaker than that of water vapor (Arking 1996 and Chou and Lee, 1996) and therefore cloud changes play a secondary role in the SWABS changes as compared to atmospheric moistening. Our methodology decomposes the solar fluxes into SWABS and surface solar fluxes where as Trenberth and Fasullo 2009 only look at the TOA. In fact, the vast majority of the increased shortwave absorption in the climate system due to carbon dioxide doubling is due to enhanced SWABS (as seen in our Figure 9) whereas the surface solar fluxes are nearly unchanged. 
474-490: the paper of Serreze et al (2007) and others seem relevant here.
Citation added.

500-527: lots of speculation, often not well founded.
This discussion reiterates the conclusion found elsewhere in manuscript and points out that the spatial structure of the temperature response matches the changes in heating by SWABS and SHF. Nowhere is causality invoked.
551-555: this discussion ignores advection.
The atmospheric advection acts as a negative feedback on the heating—this discussion is about the source of the heating.
