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Makarieva et al. have carefully analyzed reanalysis data and obtain an estimate of the
atmosphere’s work output that, it appears, differs from that provided by Laliberte et al.
Moreover, they disagree on the trends in work output that are to be expected under global
warming.

The critique of Makarieva et al. in its substance is relatively narrow, drawing attention
to the considerable uncertainties afflicting estimates of the entropy budget and work
output. Fundamentally, these uncertainties arise because the terms of relevance are small
residuals of differences between large terms (e.g., the kinetic energy dissipation is two
orders of magnitude smaller than the energy input into the atmosphere from the sun).
The point that estimates of the entropy budget and work output are uncertain is justified,
for several reasons, some stated in the comment and some not (e.g., thermodynamic
budgets are generally not closed in reanalyses, because of the information added from
observation in the analysis step and because of artifices such as employing fixed sea
surface temperatures, rather than enforcing closed surface energy budgets).

Such uncertainties likely do affect the estimates of Q_total and Q_moist in Laliberte
et al. (While Q_total in CESM and MERRA agree closely in Laliberte, I wonder if that
is coincidental. How close will these estimates be for other climate models?) I also
suspect that the rather indirect analysis method Laliberte et al. chose—first computing
streamfunctions in thermodynamic diagrams, then estimating the Q’s from those diagrams
—introduces additional uncertainties (e.g., interpolation errors). I agree with Makarieva et
al. that such uncertainties could have been discussed more openly and clearly.

However, I am not convinced that the relatively short-term trends in recent data that
Makarieva et al. invoke really contradict the conclusions in Laliberte et al. about work
output future climate changes. The work output trends in CESM in Laliberte et al. do seem
robust. By contrast, the short-term trends in reanalysis that Makarieva et al. invoke are
unlikely to be robust, because of variability in the data and uncertainties in the estimates.

I am also not convinced by the broader claims in Makarieva et al., which go beyond a
direct critique of Laliberte at al. For example, it cannot generally be true that "kinetic
energy generation in the Earth’s atmosphere is proportional to condensation rate”; in
models of dry atmospheres that otherwise resemble Earth, kinetic energy generation is
similar to Earth’s—without condensation!

However, I do agree that Laliberte et al. overreach in their broad conclusions of how
changes in the (very small!) work output of the atmosphere can constrain large-scale
atmospheric circulations. For example, while it seems sound to me that the total work
output may decrease as the climate warms, I think this says very little about how large-
scale motions will change. Laliberte et al. cite the example of storms becoming more
energetic, which then would have to become less frequent. This does not follow from what
is shown in the paper. For example, based on the work output constraint alone, we could
have more energetic and more frequent storms—if the mean winds and their dissipation is



reduced. (I am not saying this is likely to occur, but I am agreeing with Makarieva et al. that
the entropy budget alone constrains little here.)



Reviewer: 2

The comments by Makarieva et al. is a transparent effort by the authors to advertise their
own work and their criticism of Laliberte teal. does not stand to scrutiny.

The main issue here is whether the estimate of the work done by the atmospheric
circulation produced by Laliberte etal. is consistent with the existing literature. Laliberte
teal. estimate the total work at 3.7W/m2. To compare it, there is the estimate from Huang
and McElroy(2015) estimate the generation of wind energy at about 2.5 W/m2. The
difference (1.2 W/m2) can be attributed to the work done to lift water and lost through
falling dissipation.

Makarieva et al, claims, without much support that the figure for the rain dissipation rate of
1.2W/m2 is

" is a gross overestimate, as it equals the mean value of D in the tropics, where D is at its
maximum (4,5). It is 1.5 times, or by 0.4 W m−2, higher than an independent estimate of
global D based on P and H (4)." This statement is factually incorrect on multiple levels:

- Pauluis and Dias (2011) estimate the dissipation at 1.5 W/m2 when averaged from 30S
to 30N is substantially larger than this value of 1.2W/m2.

- The previous studies of Makarieva etal. proposes that the dissipation to should between
1.1 and 2.1 W/m2: thus 1.2W/m2 is toward the lower bound of (4). I could not find anything
in (4) to support the authors' statement that D should be 0.8W/m2. This later figure seems
particularly absurd, as it implies no dissipation in the extra tropics.

- The precipitation figure from Pauluis and Dias (2012) is for the average between 30S
and 30N, which includes both equatorial regions with high precipitation and the arid
subtropical regions. The precipitation rate in the extra tropics (about 3mm/day) does not
differ significantly from the precipitation rate averaged between 30S and 30N, and there
is no substantial reason to believe that the global mean value of D should be substantially
lower than the value reported by Pauluis and Dias (2014).

In short, the estimate of 1.2W/m2 for D appears perfectly reasonable. The claim that is a
'gross overestimate' is unsupported.

The authors's conclusion "the obvious upper limit – the global efficiency of solar energy
conversion into useful work, which amounts to about 90% (13, 14) – is irrelevant for the
determination of WK, as it is far below this thermodynamic limit; about 1% of incoming
solar radiation. This suggests that besides having limitations as a diagnostic tool, entropy
budget considerations have limited potential for predicting changes in atmospheric
circulation intensity." is unsupported by the rest of their notes who does not discuss at all
entropy production by solar radiation and is a blatant misrepresentation of Laliberte et al.
who never argue that the upper bound of work should be 90% of the solar hearing.


