Dear Reviewer,

Thank you very much for your comments on our manuscript. We took your comments into account
in the revised version of the manuscript. Please find below our detailed replies (black font) on your
comments (blue font).

Reviewer #2

Major comments

1. The description of the merging methodology is based on the Sofieva et al. (2017) study published
in ACP, itself using the results of Sofieva et al (2014) in AMT. Since the number of individual satellite
datasets differs from that of SAGE-CCI-OMPS it would be interesting to see how this change in the
use of satellite observations impacts the resulted latitudinal ozone fields. Such comparison could be
presented in an appendix.

Authors:

The sensitivity of the merging method to the number of instruments (including the influence on
trends, with several illustrations) is studied in details in (Sofieva et al., 2017) and its Supplement. We
found only minor changes in ozone trends after 1997 caused by variations in number of instruments.
We would like to note that the longitudinally resolved MEGRIDOP, in addition to inclusion of MLS data,
covers different time period compared to the zonally averaged SAGE-CCI-OMPS dataset, and thus the
trend analyses are different.

In the revised version, after Eq.(2), we added: ” The advantage of using the median estimate is that
the merged anomaly follows the majority of the data, and it is not very sensitive to
exclusion/addition of an individual data record, in cases where there are several (and consistent)
anomaly datasets available. The sensitivity of the dataset and the evaluated trends to the number of
instruments was studied in detail for SAGE-CCI-OMPS dataset, which is created with the same
merging algorithm (see Sofieva et al., 2017 and its Supplements), and this is valid also for
MEGRIDOP.”

Reviewer #2

2. Discussion of uncertainty of the gridded monthly means from individual instruments needs
improvement. It is heavily based on previous studies by the author team. Its presentation in this article
is not completely self-explanatory, even if some of the equations used in the previous articles are
provided here. As an example, in section 3.1, authors mention the characterization of the non-
uniformity of the sampling pattern by the inhomogeneity measure H, which is a combination of
asymmetry A and entropy E. But they do not precise how H is considered in the uncertainty of the
averaged data and why the main contribution to H is Htime. Also, how the standard error of the mean
compares with the rms of each measurement profile uncertainty? For a better understanding of
uncertainty of the gridded monthly means from individual instruments, it would be useful to provide
maps of H for some of the merged instruments (contrasting e.g. occultation and limb sounding
instruments).

Authors:

An illustration of inhomogeneity measures H is included in the Supplement. In the text of the revised
version we also added a note about typical values of H. We indicate in the paper (also in the original
version) that the main contribution is Hime. We use Hiime for detection of spatial bins with high levels
of data inhomogeneity. In the revised version, it is indicated not only in Sect. 3.2, but also in Sect. 3.1.



For our application, we do not see what additional information is obtained by comparing the standard
error of the mean to uncertainties in individual ozone profiles — they characterize different
parameters.

Reviewer #2

3. Evaluation of deseasonalized anomalies: for all instruments the seasonal cycle is estimated using
the 2005-2011, while the 2012-2018 period is used for OMPS. This is understandable because the
ENVISAT based instruments stopped in 2012. But since OMPS anomalies are adjusted to the median
of anomalies from other instruments and that can impact of ozone trends, more precision of this
offset as a function of altitude and latitude should be given.

Authors:

We would like to note that adjustment of deseasonalized anomalies is performed, not anomalies (The
original text is “First, we offset the OMPS deseasonalized anomalies to the median of the
deseasonalized anomalies from all other instruments”). The alignment of deseasonalized anomalies is
a general procedure (like bias correction). The offset is evaluated using a sufficiently long time period
(6 years), so “an impact of ozone trends” is not expected. These offsets are pure technical information,
which characterizes neither the quality of OMPS data (the offsets are mainly related to the difference
in seasonal cycles 2005-2011 and 2012-2018) nor the uncertainty/stability of the merged dataset.
Therefore, we believe that a detailed illustration of its three-dimensional structure is not needed.

Reviewer #2

4. OSIRIS and SCIAMACHY dominate the start of the record, while MLS and adjusted OMPS dominate
end of the record. How this shift in dominating instruments can impact trend as a function of altitude
and latitude/longitude? As an example, Fig. 5 shows an overestimation of ozone anomalies by
SCIAMACHY compared to OSIRIS and MLS. Discussion on this issue is lacking in the manuscript.

Authors:

We cannot agree with the above formulation. First, OSIRIS and MLS data are present during the whole
/nearly whole time period. Second, since the merged anomaly is the median of individual anomalies
and since the individual anomalies are very close to each other, it is impossible to clearly identify the
“dominating instrument(s)”. For example, in the study related to the SAGE-CCI-OMPS, which uses the
same merging principle, the representativeness of individual datasets in the merged dataset is studied
(see Supplement to Sofieva et al., 2017). It is shown there that the deseasonalized anomalies from
individual datasets are usually very close to each other, so that several values can be typically found
within the uncertainty interval of the merged anomaly A * This is true also for

merged —O-A,merged :
MEGRIDOP.
In the revised version of the manuscript, we highlighted this.

Reviewer #2

5. Section 3.3: Some discussion on possible correlation between the datasets should be provided,
especially since OMPS anomalies are adjusted using the other measurements anomalies. This could
affect the error bars.

Authors:
Off-setting does not increase correlation. However, deseasonalized anomalies from individual
instruments are highly correlated: they describe the same natural ozone variations.



That is why we characterize the uncertainty by Eq.(5)
In equation 5, how is evaluated i, A si, A'D,imed when there is an even number of measurements?

In case of even number of measurements, the mean of two neighbors to the median is used. This is
the standard procedure. We clarified this in the revised version.

Also, from the example in appendix of Sofieva et al., 2017, the final uncertainty can vary from one bin
to the next, depending on the availability of data since the median is used, in particular after the stop
of ENVISAT based measurements. This is illustrated in Fig. 7 that shows a decreased of uncertainty in
the lower stratosphere at the end of the record in the bottom panel of the figure. How does this affect
ozone trends? Even if uncertainties are not taken into account in the trend model, larger variability of
data in the lower stratosphere linked to OSIRIS should affect trend results in this region. A discussion
of the validity of trend results below 20 km should thus be included in the article.

We confirm that the uncertainties are not used as weights in the regression model. In the
revised version, we added: “The uncertainties for the merged data are not used in the regression
analysis as weights: different amounts of data available over time result in varying uncertainties over
time (e.g., as shown in Figure 7), which might improperly weight the time series. In our regression, all
data points are considered with equal weights, and the uncertainty of the fitted parameters is
estimated from the regression residuals.”

Larger uncertainties do not necessary imply larger data variability. Related to your question/example
of the UTLS, the typical UTLS values of estimated uncertainties are in the range of 2-12 % before 2012
and 2-6 % after 2012, which is significantly smaller than the natural variability in the UTLS, which is
typically tens of percent (up to 100 % in the tropical UTLS).

A discussion of trend results below 20 km is nevertheless important, and we added it in the revised
version.

We added also typical values of estimated uncertainties in the stratosphere and in the UTLS in Sect.
3.3

Reviewer #2

6. An independent validation of the MEGRIDOP reconstructed ozone dataset (section 4) based on
e.g. ground-based or other satellite instruments is lacking. Validation using ozone sondes (up to 25 —
30km) as well as SAGE Il (up to 2004) or more recent ISS/SAGE IIl data would be an asset for the
study.

Authors:

Validation usually means comparison with the reference dataset, which has a known high quality. We
would like to note that there are numerous studies of comparison of collocated ozone profiles from
individual satellite instruments with ground-based and other satellite data. We would like to
emphasize that MEGRIDOP represent the monthly zonal mean ozone profiles in 10°x20° latitude -
longitude bins. There is no obvious way to validate the derived dataset with reference to sondes or
SAGE in a meaningful manner (i.e., one from which quantitative conclusions as to “validity” can
usefully be drawn), given the inherent vast disparity in spatial and temporal coverage and thus
representativeness.

We think that MEGRIDOP can be used for validation/intercomparisons of climate data records from
ground-based and satellite measurements. In the revised version, we added this as a suggestion of
future analyses using MEGRIDOP.



Reviewer #2

7. The latest compilation of stratospheric ozone trends from Petropavlovkikh et al. (2019) emphasises
the lack of significant ozone trends in the lower stratosphere, pointing to a potential discrepancy with
results from CCMI models, although not significant at 2 sigma level. Other publications have also
addressed ozone trends in the lower stratosphere (Ball et al., 2018; 2019; Wargan et al., 2018).
Considering the importance of this issue, a dedicated paragraph addressing ozone trends in the lower
stratosphere should be added. Such a discussion could include quantification of ozone trends in the
lower stratosphere in the SH high latitudes, in order to eventually confirm ozone recovery in this
region (e.g. Salomon et al., 2016).

Authors:
The trends in the lower stratosphere, including the trends in polar regions, are discussed now in our
paper in more detail.

Reviewer #2

8. Figure 10 and 12 show different trend results from the MEGRIDOP dataset at 35 km, with more
pronounced positive ozone trends in the tropics in the period 2004 — 2018 compared to the period
2003 — 2018. Such a sensitivity to the starting year is interesting. Can the authors comment on that?

Authors:

A remarkable sensitivity of tropical ozone trends at ~35 km to the selection of the period for
evaluation of ozone trends has been reported in several papers (e.g., Arosio et al., 2019; Galytska et
al., 2019; Laine et al., 2014). This might be related to a decadal-scale O3 oscillation resulting from
changes in Brewer-Dobson Circulation.

In the revised version, we added a corresponding note.

Also on the non-significant decrease of ozone over Siberia at 20, 25 and 35 km. The asymmetry of
trends between the Northern and Southern hemispheres at 20 and 25 km deserves also some
discussion.

In the revised version, we added the note about the difference of trend in the Northern and
Southern hemispheres.

Reviewer #2

Specific comments

L75: It is not clear why the authors use MLS temperatures for conversion to ozone number density
but ERA-Interim data for altitude-pressure conversion. Did the author check sensitivity of the results
using ERA-Interim data for number density?

Since all reanalyses data may have artificial jumps due to different amount of assimilated data (e.g.,
(Simmons et al., 2014) and thus they are, in general, not designed for trend analysis, we think that it
is preferable to use observations, when possible. In addition, MLS observes nearly the same air masses
at the same time for its temperature and ozone measurements.

ERA-Interim data stop in August 2019. They are now replaced by ERA-5. Is there a prospect to use
ERA-5 for extending the MEGRIDOP dataset to 2020 and beyond?



Yes, we are planning to extend the MEGRIDOP; in this extension, ERA-5 will be used. This is
mentioned in the revised version of the paper.

L103: Fig 1 as well as Fig. 2 and all similar color figures lack axis titles.
Since coast lines are added in the figures, additional axis titles are not needed.

L137: The use of deseasonalized anomalies enables the removing of biases if sampling patterns do
not change over time. Is it true? Can the authors comment on this?

We made this statement more accurate in the revised version: “The main advantage of using
deseasonalized anomalies is that various biases between the individual datasets - e.g., instrumental-
specific, or those due to the difference in local time - are automatically removed. The
deseasonalization also removes spatial sampling biases if the sampling patterns do not change over
time.”

L148: Fig. 5 lacks the median curve.
This is done intentionally, in order to visualize clearly the OMPS off-setting.

L157: In equation 3, the term 1A _Si is missing (using error propagation). The term “relative” should be
added to uncertainty.

Thank you, the misprint is corrected.
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