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Suggestion: Major revisions

1 Overview

Here, I review the second submitted version of “The Impact of Increasing Stratospheric
Radiative Damping on the QBO Period” by Zhou et al (2020). As in the first submitted
manuscript, this paper proposes a new radiative-dynamical mechanism that could have
implications for the future properties of the QBO. This paper proposes that increasing
CO2 is expected to increase the radiative damping rate in the stratosphere. Using an
idealized 1D model of the QBO, this increase in the radiative damping rate would be
expected to modestly shorten the period of the QBO.

I will refer to the first reviewed manuscript as V1 and the most recently submitted
manuscript as V2. V2 is similar in scientific content and presentation to V1, with the
exception of specific revisions made in light of reviewer comments. In my previous review
of V1, I identified two items that required major revision: (1) the tension between inter-
pretability and predictability and (2) the physical justification for using the Plass (1956)
result to estimate future radiative damping. V2 has satisfactorily resolved the tension
between interpretability and predictability, as will be elaborated upon further. Neither
V2 nor the specific response to my previous review has satisfactorily resolved my concerns
about the physical justification for using the Plass (1956) result, as will be elaborated upon
further, and which leads me to recommend Major Revisions.



2 Major Revisions from V1

2.1

In reviewing V1, a tension between predictability and interpretability of the main results
was identified. This tension resulted from the addition of realistic but minor predictive
elements to the key simulations in the paper, which made it more difficult to isolate the
QBO period changes owing to the proposed mechanism versus to the other minor elements
(e.g. changes in buoyancy frequency). This tension has been largely resolved in V2, which
focuses on the interpretability of the results and considers minor predictive elements only
in the Discussion. It is clear in V2 that the minor predictive elements in V1 were not
leading to significant changes in the basic QBO behavior (the N? changes alone appear to
only change the QBO period from 30 months to 30.2 months on line 348). T am satisfied
with this resolution of the tension between predictability and interpretability in favor of
emphasizing interpretability.

2.2 Requires major revision in V2:

In reviewing V2, I commented that the usage of a 50% change in radiative damping rate in
response to increasing CO2 required further justification. It was unclear whether the Plass
(1956) result was providing the appropriate justification. After reviewing the response
to my review of V1 and reading V2, I remain concerned about the justification for the
radiative damping changes used in the paper. I will elaborate on my concerns below so as
to be clear about the source of my confusion.

If the radiative heating rate represents a linear damping with rate o [s~!] of temperature
T [K] relative to the local radiative equilibrium temperature Tx [K], then the radiative
heating rate Q [K s~!] obeys the Newtonian cooling equation:

Q=a(lp-T) (1)

The accepted method for diagnosing radiative damping rate is to consider two states

S1 and S2 where all atmospheric properties are held fixed except that temperatures are

prescribed to vary between S1 and S2 and the radiative heating rate responds to the

temperature profile. The radiative heating rates are calculated using a radiative transfer

model. If the radiative heating rates satisfy the assumption of linearity, therefore obeying
equation 1, then states S1 and S2 separately obey the following equations:

Q1 =a(Tg —T1)

Q2 = a(Tp — Tz)
The above equation system has two equations in two unknowns (unknowns are o and
Tg), so it is possible to solve for the unknowns. Solving for « yields:
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Note that the above Equation 2 is equivalent to Dickinson’s Equation 1. Note that it
is only possible to solve for « if a and T are assumed to be constant between states S1
and S2. The assumption of constant o and T in S1 and S2 is reasonable because o and
Tg are thought of as functions of the atmospheric composition, which was held fixed.

Unlike in this typical approach, the experiments in Plass (1956) consider the radiative
heating rate [K s~!] in an atmosphere with temperature held fixed but composition varied.
When atmospheric composition is varied, it is not realistic to assume that a and Tg
remain constant. Two states from the Plass (1956) approach, denoted S1’ and S2’, obey
the following equations:

o =

Q= a(Tp, —T')

Q= 5T, —1T')

The above two equations have four unknowns (o and Tﬁ],i for i = 1,2). Therefore, o,
and Tjj’i are underdetermined. Adding experiments calculated with new concentrations of
CO2 would not make the equation set determined, because each additional equation adds
two unknowns «} and sz Therefore, it is not possible to solve for « or Tjj’i, nor is it
possible to solve for o /a.

If it is assumed that there is constant T, in the Plass (1956) experiments, the equation
set now has three unknowns, and it is possible to solve for o/ as follows:

@
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V2 appears to use the above equality between the ratio of heating rates and ratio of
radiative damping rates to justify the use of Plass (1956) to project the magnitude of future
change in radiative damping rate. However, the above equality depends on the assumption
that T is constant as COs varies, an assumption which does not appear justifiable given
that increasing COs is expected to decrease T in the stratosphere (Manabe et al., 1967).
Without assuming constant T, it appears that the changes in radiative heating rate cannot
be used to constrain the changes in «.
Knowing that T changes in response to increasing COsg, one could alternatively assume
that o stays constant with increasing COy while T changes, which would result in the
following relationship:
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In reality, there are probably changes in both Tr and a as COs concentrations are
changed. These changes must be distinguished, and the component stemming from a
change in « isolated, in order to obtain an order of magnitude estimate for the period
change resulting from this mechanism. The 50% change in radiative heating rates from
Plass (1956) in response to changes in CO2 does not necessitate that the changes in radiative
damping rate are O(50%), as they could be much smaller (or larger).

In light of these concerns, the substance of my recommendation for major revisions
from my previous review still stands: The usage of the Plass value of 50% [or 30% in V2]
should be either (1) justified in light of these considerations or (2) an alternative reliable
estimate should be provided of the radiative damping rate response to CO2 doubling (an
order of magnitude estimate is fine). If no projection of radiative damping rate with CO2
doubling exists in the literature, then one should be produced (e.g. using a radiative
transfer model). Such a projection of radiative damping rate, necessary for the arguments
in the paper, would constitute a valuable contribution in its own right.

3 Minor comments

e [t is stated that the semi-annual oscillation profile has zero curvature, so there is
no diffusion of that profile (Line 263). However, there is a kink in ugas at 28 km
at the intersection of the constant (zero) value below and the linear profile above.
The curvature at the kink is large and undefined, so the statement 0%ug4/02% = 0
on Line 263 is not accurate. I would intuitively expect diffusion across this kink.
The omission of the diffusion acting on g4 from equation (5) therefore needs to be
justified.

e In light of the considerations in the previous item, but also more broadly, I remain
unsure about what is gained by the decomposition of 4 = ugpo + tiga. Given that
the wave driving acts on both ugpo and ugs and (as argued above) the diffusion
acts on both ugpo and wuga, it is unclear whether ugpo can be fruitfully isolated
and treated in a separate analytical framework.

e Line 296 states that “unphysical behavior” arises when the period does not change
smoothly as a function of the magnitude of G. It is not clear to me why this behavior
is unphysical. On the one hand, it is conceivable for G to be weak enough that it
would not impact the period of the QBO, and therefore the period of the QBO would
match the G = 0 state. It is also conceivable that there is phase-locking between the
semi-annual oscillation and the QBO, such that if G is varied over a small enough
set of values, then the SAO might maintain the same phase relationship with the
QBO, and therefore not exhibit a period response. (In a totally different context,
such phase-locking across a range of parameter values of the QBO was reported in
response to upwelling variations in Rajendran et al. (2016).) In light of these plausible



explanations, I recommend that either some insight be gained regarding the phase
locking, or the language “unphysical behavior” be softened, e.g. to “unexpected
behavior”.

e Line 367 provides an estimate for the shortening of the QBO period stemming from
the doubling of CO2 of 7.4% + 2.5%. The error estimate of 2.5% was estimated
by propagating through the 30% error estimate from Plass (1956) on the radiative
damping rate. This error statement is therefore a statement on the estimated error in
QBO period change owing to errors in the radiative damping rate. As presented, the
error estimate appears to be a more comprehensive statement concerning error in the
1D results. However, V2 presented substantial systemic uncertainty, another source
of error. It was shown that the period change was 15% when using the Plumb model,
which is a plausible formulation of the problem and far outside the error margin
on Line 367. I recommend that the narrow scope of the error margin on Line 367
be stated, by qualifying that they refer only to expected errors from uncertainty in
radiative damping rate. The much larger error owing to the formulation of the QBO
model should be noted in any statement regarding uncertainty in the magnitude of
the period change. (Note: The error estimate will ultimately need to be consistent
with the resolution of my major comment regarding the estimate of the radiative
damping rate.)
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