
                                                3 June 2012

Dr. Brian Soden
Editor, Journal of Climate

Dear Dr. Soden,

We are disappointed to hear that our article entitled “The seasonal cycle of atmospheric heating and temperature” has been rejected for publication in the Journal of Climate. It is our understanding that the article was rejected due to concerns regarding our treatment of the atmospheric energy budget. In particular,  Dr. Trenberth pointed out several discrepancies between our treatment of the atmospheric energy budget and the methodology outlined in Trenberth and Stepaniak (2003). Regrettably, Equation (1) of our manuscript did not accurately represent the calculations that we performed. In fact, our energy budget equation is consistent with that published by Trenberth and Stepaniak (2003), except for our treatment of the shortwave fluxes (the focus of the manuscript) and in two additional ways that have no impact of consequence on our results or conclusions. 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 8 in this document). Second, we do not include the mass convergence in our calculation of the horizontal convergence of energy flux; instead, we also exclude the mass tendency from the column energy tendency– by way of taking the vertical integral after the column energy tendency is calculated.  Energy is indeed balanced. The regrouping of terms has small quantitative impacts, and is inconsequential to all of the conclusions reached in our manuscript.  We emphasize that, with the exception of our neglecting the (small) kinetic energy, our atmospheric energy budget is identical to that of  Trenberth and Stepaniak (2003) although our breakdown of the energetics into individual terms is different. 
To demonstrate this point, we have redone all of our analysis using the methodology and output data from Trenberth and Stepaniak (2003 – described here: http://www.cgd.ucar.edu/cas/catalog/newbudgets/index.html#AtD)  for the column energy tendency and horizontal heat flux convergences. (This data set uses a different methodology than ours and also uses a different resolution reanalysis than was used in our study). Using this data 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 atmospheric heat budget calculations of Trenberth and Stepaniak (2003). Below, we have regenerated all of the relevant figures and stated the changes in quantitative statements made in the manuscript as a consequence of using the Trenberth methodology instead of our own methodology. As you can see, the figures and main scientific points made in our original manuscript are nearly unchanged. We also provide a more detailed list of differences between our calculations and those of Trenberth and Stepaniak (2003) as a response to Dr. Trenberth’s major points at the end of this document. 

In short, Dr. Trenbeth’s major concern – that our energy balance equation is incorrect – is unfounded and, regrettably, was a consequence of our sloppy description of the grouping of terms in equation (1). His other major concern (that we neglect kinetic energy) has a third order effect on the energy budget; the errors introduced by neglecting kinetic energy are smaller than the uncertainty in the observed radiation. 

We are happy to rewrite the manuscript using the exact methodology and data of Trenberth and Stepaniak (2003) if using our own calculations and methodology is a barrier to this manuscript’s publication. It would be our preference , however, to use our own method for presenting the energy budget –  primarily because it allows us to further decompose the atmospheric energy fluxes into zonal and meridional components in our treatment of the Land-Ocean energy fluxes. To be candid, we fell Dr. Trenberth’s major points are an attempt to bully us into using his methodology and data sets and are not scientifically motivated. 
We realize that this manuscript is currently rejected from publication. We wish you would reconsider the manuscript in light of our demonstration that the major objections raised in the review process are actually minor points that are extraneous to the major scientific results presented in the manuscript. Furthermore, the Reviews suggested that our analysis is both novel and illuminating and we believe that, with revision, we can address all of the Reviewer’s concerns and our manuscript will make an excellent contribution the Journal of Climate. We hope you agree.  


Sincerely,

Aaron Donohoe 
Dept. of Earth and Planetary Sciences 

Room 54-915

Massachusetts Institute of Technology

77 Massachusetts Avenue


Cambridge, MA 02139-4307

and 
David S. Battisti      

Dept. of Atmospheric Sciences

University of Washington

Seattle WA 98195-1640

Differences in quantitative results discussed in the manuscript due to using Trenberth and Stepaniak’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 Dr. Trenberth’s 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, there is a typo in our Equation 1 and it should read:

[image: image1.emf]
where L is the latent heat of vaporization of water, Q is the specific humidity, cP is the specific heat at constant pressure and, the overbar above PS denotes the annual average. 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 the tendency term differs from that in Trenberth and Stepaniak (2003—hereafter TS03) in two ways: (1) the tendency of temperature and specific humidity is taken prioir to the vertical integration and, (2) the surface geopotential term does not occur. Similarly, our del operator on the heat flux convergence occurs within the vertical integral while it occurs outside of the vertical integral  in TS03.  These differences are intentional and are a consequence of the different ways the mass budget is balanced between our methodology and that of TS03. Furthermore, we demonstrate below that our total atmospheric energy budget is consistent with TS03 but removes the energy flux associated with mass tendency from both the energy tendency and horizontal energy flux convergence terms. In TS03, these terms cancel on the right and left hand side of the equation while we remove these terms from both sides.

As a hypothetical example, consider a dry atmosphere in which potential temperature is spatially and temporally invariant but there is a surface pressure tendency over the polar cap from one month to the next that is balanced by a mass flux into the polar cap. In our framework, there is no column energy tendency (because the temperature is time invariant) and there is likewise no horizontal energy flux into the polar cap (because there are no spatial gradients of dry static energy and no transient eddies). In contrast, in the framework of TS03, the column energy tendency is equal to the surface pressure tendency divided by gravity times the column average total energy (because the vertical integral is taken prioir to the time differentiation and the limits of integration are changing in time). Similarly, in the TS03 framework, the horizontal energy flux into the polar cap is equal to the mass flux times the column average energy (because the vertical integral is taken before the del operator and the spatially invariant potential temperature can be taken out of the integral leaving the vertical integral of the meridional wind). In this case, our framework would have both the horizontal energy flux and the energy tendency equal to zero, while TS03 would have equal them both equal to the mass flux times the column average energy (since the mass flux into the polar cap is equal to the mass tendency integrated over the polar cap). The two equations are consistent with each other in terms of the total energy budget but lead to different interpretations of the individual terms; we associate a column tendency with a temporal change in temperature (or moisture) only and an energy convergence with a contrast  in energy between equatorward and poleward flow whereas TS03 also include a net mass flux in both terms. Both approaches are valid and have strengths and weaknesses. We chose to use our methodology for two reasons: (1) our methodology is invariant to the zero point energy whereas, defining temperature relative to the global mean temperature instead of absolute zero (or defining geopotential relative to the center of the Earth) results in large and compensating changes in the individual terms in the TS03 framework that result simply from changing the energy reference point and (2) the horizontal energy fluxes can easily be calculated relative to a balanced mass budget by subtracting the column average energy in our framework (see footnote 2 of our original manuscript) whereas the TS03 framework requires a barotropic wind correction. 

We emphasize that the choice of methodology does not have a large effect on the results presented in our manuscript  as can be seen in the comparison of the our original analysis and the same analysis using TS03’s data (included here). 
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(7) 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 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.
This statement is incorrect. 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. 
We agree that a more thorough discussion of the CERES surface solar fluxes is warranted. However, this data set is the best available estimate of the surface solar fluxes on a global scale.   

