Reply
To the interactive comment on “Experiments on ge#ityi of meridional circulation and ozone
flux to parameterizations of orographic gravity waxand QBO phases in a general circulation
model of the middle atmosphere” by A. V. Koval etAnonymous Referee #1

Wewould liketo thank thereviewer 1 for hisuseful comments. Our repliesare given
below with bold font.

The manuscript describes the influence of the @pigic gravity waves (OGW) and QBO phase
on the meridional wind, vertical motions and ozflages simulated by the MUAM (model of
the middle atmosphere). The authors have modifiedtiginal MUAM version by adding
parameterization of OGW and performed sensitivitigl®s analyzing the changes in the model
output. Therefore, the subject of the manuscrip¢lsvant to GMD scope. The manuscript is
well structured. The quality of the figures is good

However, | do not clearly see why the obtairesuilts could be interesting for the wider
community. The importance of OGW and QBO was re@agha long ago C1755 and the
author’s conclusion about the necessity of thailusion is just a confirmation of very well
know information. It is not even new for MUAM modéecause the same conclusion was
already made in the recently published paper by i®a\et al. (2015, doi:10.1186/s40623-015-
0259-2).

The conclusions about the importance of OGW and QBO areindeed not new for the
community. However, these conclusions are not the main purposes of this paper. GMD
editors advised usthat the scope of thisjournal istechnical descriptions of numerical
models and experimentswith them. We found that many of scientific papersfor the subject
contain resultsin form difficult to compare with usual outputs from numerical models.
Therefore, we primarily consider the paper as semi-technical descriptions of our new
parameterizations and experiments with them, to make thisinformation useful for
programmers, who might beinterested to reproduce the experiments. They can takethe
numerical model and parameterizationsfrom us. Compared to our previous papers, here
we consider modeling of other atmospheric parameters, not considered in those papers.
Obtained figures contain some new and interesting information about meridional
circulation and ozone fluxes, but their deep physical analysis and explanations are out the
scope of GM D specificsand are subjectsfor further publications. Anyway, we added some
additional explanationsto the paper.

There are some other issues (see below), whicHhdgbewonsidered by the authors before
publications.
1. The review of available and already used in the ef®@GW parameterizations is
missing. The authors should discuss the benefitiseohew scheme and its place among
the existing models.

Thisisnot thefirst publication of our schemes. Their benefits are described in the
previous papers. The Reviewers 2 and 3 recommend shortening the parameterization
descriptions, or removing them at all. We think, we found compromise between the
parameterization descriptions needed for their practical use and no repeating the previous
our papers. However, we extended the introduction of the paper and included some
additional references.

2. The authors should formulate better the motivattrihe study and emphasize the
novelty of the undertaken research.



From technical point of view, the motivations and novelty of undertaken research are
new numerical experimentswith the new parameterizations. In addition, now we make the
computer code available for everybody for described experiments. We emphasize that in
the paper.

3. Section 2 of the paper can be substantiatluced, because many technical details
described there have been already presented preél@us publications.

Wethink it isuseful for programmersto have all necessary formulae in one place.
Section 2 includes 3 short pages and 4 formulas, which isabout 10% of the total paper
volume. We suppose thisis appropriate.

3. The model set-up should be justified. It would leiesting to know how the MUAM
reproduces polar night jet and polar temperaturesise of perpetual January simulation.

The scope of the present paper ismeridional circulation. M odeling of zonal wind and
temperature are considered in our previous papers. Simulated distributions of zonal wind
one can find in the papers by Gavrilov et al. (2013a,b; 2015).

4. The authors should also explain why OGW and QB@ceffare considered together. Is
there any relation between them? As far as | utaledsOGW have been parameterized
while QBO has been just prescribed.

Wethink that QBO areimportant and we should make experimentsfor different QBO
phases separately. We do not know which QBO phaseis moreimportant. Therefore, we
made modeling for both QBO phases. We found some similaritiesin the OGW and QBO
effects on the atmospheric circulation, but thiswas not our primary intention.

5. In the discussion of Figure 2a the authors didtryatio compare their results with the
meridional circulation obtained from the reanalysisducts. It would be interesting to
show whether the improved version help to obtatteb@greement or not.

Vertical velocity in the reanalysis productsis not experimental, but rather the result of
some numerical calculations. Itserrorsare substantial. In Figure 2 we added meridional
circulation obtained from the UK Met. Office meteorological reanalysisdata. It issimilar
to our simulated circulation at altitudes where both data overlap. Our simulations are for
for higher altitudes (up to 150 km)

6. | do not completely understand how exactly theistieal significance was calculated.
Somehow it is missing in Figure 3, 4. Therefore, &halysis of the differences is difficult.

We added a paragraph with descriptions of significance of the datain Figures 3 and 4.

8. The analysis of the results is not sufiitdgdeep. The authors simply describe what is
shown in the figures and do not try to put the miaté changes into context of the general
behavior of meridional circulation.

As mentioned above, we wereinstructed that deep physical analysis of the meridional
circulation isout the CM D scope. This paper is mainly the semi-technical description of the
numerical results, which everybody can reproduce asking the numerical model from us.
However, we added some more descriptions of the results.



9. | think that the analysis of the ozone flsix@not instructive because the ozone field is
prescribed and the changes of ozone fluxes masgplyat the pattern of the circulation changes.
The authors show that the ozone flux can changgliyp 60%, therefore interactive ozone is
necessary because the prescribed ozone will noialogained. The using of 3-D ozone field in
the model is also difficult to justify becausesitnot consistent with the simulated meridional
circulation and shape of the polar vortex.

Thisistruefor long time modeling including climatological or seasonal changes, when
the ozone source behavior in timeisimportant. However, for the ozone flux diagnostics
during a few daysin the lower stratosphere assumptions of unchanged ozone sources could
be appropriate. In addition, the smulated zonal and meridional circulation is adjusted to
the prescribed 3-D ozonefield, because the model involves ozone heating. Such diagnostics
based on empirical ozone and QBO distributions may be even better for interpreting
observations of the meridional circulation and ozone fluxes. We added such statement to
thetext.

10. In the conclusions the authors claim gatametrized OGW and assimilated QBO
improve the MUAM, but | do not see any solid comi@tion of this. | guess, the improvement
should be demonstrated by the comparison with gaten data.

Unfortunately, we have no reliable observations of vertical velocity in the middle
atmosphere on global scale. Even in meteorological reanalysis models, the vertical velocity
ismainly smulated at prescribed horizontal wind and temperaturefields. We
reformulated the statement in the conclusions.
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