Dear referee,

we thank you for your in-depth review of our revised manuscript acp-2019-715.
Please find our replies to your comments below. Your original comments are
repeated in italics, our replies in normal font, and text passages, which we in-
cluded in the revised text are in bold.

Many of the points raised by the reviewers have been taken on board, and the
revised paper is an improvement on the initial submission. The paper is now
shorter, although it remains unnecessarily wordy in places, which hinders com-
prehension. It is now less like a technical report, which makes it more readable,
although there is still substantial cross-referencing of information which breaks
the flow of the text. The paper is moving in the right direction, but does not yet
reach the standards required for publication in ACP.

Reply: Thanks a lot for honouring our efforts we put into the first revision.
Based on your comments we improved the manuscript further. See below for
more detailed information concerning our changes.

The principal weakness is that it remains very incremental and confirmatory in
nature. It provides additional support for previous findings but does mot con-
stitute a significant advance in the field. To merit publication it needs a fresh
angle or a finding that adds to current understanding. This could include new
insight from the higher percentile/MDAS analysis, consideration of interannual
differences, assessment of differences across model scales, or new understanding
of why different attribution approaches differ. These aspects are all left hanging
in the present study, and addressing any one of them would constitute something
new.

Reply: Thanks for your comment.

In our initial reply we stated not only the methodological improvements, but
also the new aspects of our work. Thus we wonder, what the referee is asking for
exactly? We do not contradict that our study has some incremental character,
but we believe that the methodological improvements we made are substantial,
and that our new findings are important, even if they in parts confirm previous
results. As an example (which is now added in the abstract) we can confirm the
importance of long-range transport for e.ge. the Iberian Peninsula, but we add
additional information on the sectoral contribution of the long range transpo
component instead of tagging it for example as “boundary conditions”. Thus it
remains unclear, how we should stress the new aspects of our study even further.
Nevertheless, We thank you for your suggestions concerning additional analyses.
We included an new sub-section on the inter-annual differences of the MDAS
analyses. This analysis shows that the general relations and the results are
relatively unaffected by inter-annual variability. The added subsection reads:
Please note further that ozone contributions across model scales have been anal-
ysed by Mertens et al. (2020a), which is also cited in our text. Therefore, we
don’t want to repeat these analysis in the current manuscript. However, the



aspect of MDAS ozone is new compared to Mertens et al. (2020a). Therefore,
we also added a short subsection on this topic. We kept both subsection as
short as possible because the length of the paper has been criticised by previ-
ous reviews and we don’t want to lengthen it even more by adding more analyses.

The two added subsections read:

Inter-annual variability

Tropospheric ozone has a strong inter-annual variability, therefore we
want to compare the results for JJA 2017 with results for JJA 2018.
Overall, the ozone abundance in summer 2018 was larger than in sum-
mer 2017. Therefore, JJA mean absolute contributions in 2018 are
generally larger than in 2017, but the JJA mean relative contributions
are similar, with a tendency towards larger relative contributions of
ozone from European emissions compared to long-range transport in
2018 compared to 2017. Our analysis for the MDAS8 values and their
contributions in 2018 also show that our results are virtually unaf-
fected by inter-annual variability. Although the maximum MDAS8-
values differ between the two years with larger maximum values in
the Benelux area (=~ 90 nmol mol~! in 2018 and ~ 78 nmol mol~! in
2017) and slightly lower values in the Po Valley (=~ 90 nmol mol~! in
2018 and ~ 95 nmol mol~! in 2017), the described relation can also
be observed for 2018 MDAS8 values. The contributions of traffic and
anthropgenic non-traffic emissions from long-range transport remain
very similar for max, min and mean MDAS8 values, while the con-
tributions from European anthropgenic (non-traffic and traffic) and
biogenic emissions increase with increasing MDAS8 values. Corre-
sponding figures depicting ground-level ozone and the contributions
to ground-level ozone in 2018 are part of the Supplement (Sect. 7
therein).

Dependence on model resolution

The effect of the model resolution on the simulated ozone mixing
ratios is well known. Therefore, Mertens et al. (2020a) investigated
the effect of the model resolution on simulated ozone contributions.
According to this analysis simulated ozone contributions in specific re-
gions, e.g. the Po Valley, can differ strongly between a coarse resolved
global model and a finer resolved regional model. A further increase
of the model resolution, i.e. from 50 to 12 km resolution, however
did only have small influence on seasonal-mean ozone contributions.
This also holds for the results of the present study. Generally, CM12
simulates lower JJA average ozone mixing ratios in many regions and
accordingly also slightly lower absolute contributions. The overall ge-
ographical distribution agrees well. In polluted regions, especially in
the Po Valley, CM12 tends to simulate larger contributions compared
to CM50 (see Fig. S20 in the Supplement). For large ozone values,
however, the effect of the resolution is even more important, there-



fore we also compare the MDAS8 values between CM50 and CM12.
The results show that CM50 simulates slightly larger maximum and
mean MDAS8 median values averaged over the considered regions and
accordingly also slightly larger contributions of European land trans-
port, anthropgenic non-traffic and from biogenic emissions. The finer
resolution of CM12, however, leads to a larger geographical variability
in the considered regions (indicated by the spread of the whiskers).
In the Po Valley the finer resolution even leads to larger maximum
values (indicated by the upper whiskers) in CM12. The larger ge-
ographical spread can be expected given the finer resolution. In
general, the comparison of CM12 and CM50 shows that for larger
geographical regions, as Benelux and Po Valley, even for source at-
tribution of ozone MDAS, the results are quite robust between 12
and 50 km horizontal resolution. However, it remains to be tested if
further resolution increases to 4 km and below will give results that
differ more from 50 km. The resolution of around 4 km is of interest,
because previous publications (e.g. Tie et al., 2010; Markakis et al.,
2015) reported a increase of the model skill to simulate ozone mixing
ratios in comparison to measurements in this range.

A more detailed analysis on why different source attribution approaches differ
would be very interesting, but this is clearly beyond scope of the manuscript.
The reason for this is that we first would need simulations with comparable
model set-ups, but with different source apportionment methods. However, in
our discussion we compare our results to results from other source attribution
studies (see als reply to first revision). Based on this discussion we add the
following sentence to our abstract:

Comparing our results with results from other source attribution
methods we find that the contributions to ozone from individual sec-
tors, which have large NO, but rather low VOC emissions, are esti-
mated to be lower, if their emissions of NO, and VOCs are regarded
concurrently.

The written style remains frustrating for the reader, as there is a lot of reference
to other studies for information on methods or previous results, and this makes
it much less clear what the current paper actually contributes scientifically.

Reply: We are not sure if we understand the comment correctly. We don’t think
the Referee criticises references to other scientific literature. While revisiting the
manuscript we tried to check weather reference break the reading flow and moved
references where possible. Moreover, we tried to add additional explanations
where our results add additional information compared to the cited literature.
Our goal was to find a balance between avoiding the repetition of detailed de-
scriptions about the source attribution method and previous findings (which
would lengthen the manuscript even further), and the constraint that also a



reader, who is not familiar with all these previously published details, can fol-
low the study. It might very well be that we missed this goal here and there, but
in case, we would appreciate a few concrete hints about where in the text that is.

Specific points:

The final sentence of the abstract is not appropriate. The results are a useful
first step, but no evidence is provided to support the assertion that they are im-
portant, there is no discussion of mitigation options, and the topic of potential
future work is not suitable for an abstract (which should focus on findings and
their implications).

Reply: We removed this sentence.

The motivation for the study remains weak (line 58: ”few studies have focused
on this sector”). The importance and novelty of the study and its implications
need to be brought out much more strongly here. The introduction states: ”The
aim of this work is to better understand the fundamentals of the underlying pro-
cesses” (line 87); this is indeed very important, but it is difficult to identify how
the study contributes to this.

Answer: The novelty of this study is stated in 179 ff. We rephrased the aim of
our work:

By providing the shares of different emission sectors and regions to
ground-level ozone and it’s precursors this work helps to better un-
derstand the origin of large ozone events. In detail the following
scientific questions are investigated:

Evaluation: There is still a heavy focus on technical procedure here rather than
model performance, and while scatterplots are provided, the evaluation aspect is
unconvincing. It is asserted that the performance is sufficient for further analy-
sis, but no criteria for this are described. The observations as presented are not
sufficient to make a critical judgement about model performance.

Reply: Referee#1 asked for a strong shortening of the evaluation. As the
MECO(n) model has been evaluated in detail by Hofmann et al. (2012) and
Mertens et al. (2016), we followed the recommendation from Referee#1 and
shortened the evaluation strongly. The results of our evaluation in general con-
firmed previous findings.

Moreover we don’t agree that we mainly describe the technical procedure of the
evaluation, only to the extent, which is required for other modellers, to perform
comparable evaluation efforts so results are reproducible and comparable.
We rephrased the sentence about the ’sufficent’ performance as following;:

Overall, the evaluation shows that the chosen MECO(n) set-up is



able to reproduce ground-level and free tropospheric NO,, NO, and
O3. However, the results also show a positive bias of tropospheric
ozone and a negative bias for NO,. The model biases are in the typical
range of comparable model configurations (see detailed discussion in Mertens
et al., 2020b).

Figs 2 and 3: These are now improved and easier to interpret. Howewver,
they need further tidying for publication by shrinking the oversized azis la-
bels/numbers, packing more tightly (preferably 2 rows of 3 panels) and ideally
changing the color on panel 6 (which has a different scale to the other panels
and can therefore not be compared directly). The aspect ratio of the panels in
the two figures should be the same, for consistency.

Reply: We fixed the figure a little bit, but we think it is important to have
proper readable axis labels and numbers, and therefore we also don’t pack it
more tightly as suggested. We also don’t agree that the colour scale of panel 6
should be changed. Panel 6 always shows the TOTAL values, while the other
panels show the contributions. Those are not in the same range, therefore the
same color scale is not appropriate. We made this more clear in the figure cap-
tion.

Line 266: Net production from LRT is very small, but this does not mean that

LRT is not important (as Fig 2 shows). This is because ProdO3 from LRT is
matched by increased LossO8 due to the additional ozone formed elsewhere. It
would be worth making this point. I would expect POS3 to be negative in some
places; does this happen?

Reply: Thanks for this point. We don’t claim that LRT is not important. Our
statement in 266 is ”In situ production from anthropogenic precursors over
Europe from LRT plays almost no role in Europe”. Figure 3 clearly shows this.
Given the lifetime of ozone this does of course not mean ozone from LRT does
not play a role over Europe (as shown in Fig. 2). Indeed, some regions over
Europe exist, where net production of ozone from LRT is negative (see Figure 1
in this reply). The JJA mean total net O3 production at ground-level is not
negative. We added a short note in the manuscript that net production from
LRT also becomes negative. The added line reads:

Over land and in particular towards Eastern Europe the net produc-
tion of ozone from LRT is slightly negative, because loss processes of
ozone from LRT are larger than the production from LRT precursors.
Only along the ship lanes in the Atlantic net ozone production from
LRT takes place.
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Figure S1: Seasonal (JJA 2017) mean of the ground-level ozone net produc-
tion in pmol mol~!s~! from long-range transported (LRT: ROW + NA + EA)
anthropogenic non-traffic and land transport emissions.



The OPE definition here is very unconventional; ozone production is also im-
portant through NO+RO2, which appears to be neglected here. Simple, standard
definitions are given in the original papers that introduced the concept (Liu et
al., 1987; Lin et al, 1988).

Reply: We here use the definition according to Jacob (1999) (Eq. 12.10 therein).
We added this information.

Table 1: "iea” should be ”O3iea”
Line 241: discussion

Line 361: HO2HOZ2 -; H202
Line 456: refind -; refined

Reply: Fixed. Thanks!

The large number of figures in the Supplement remains difficult for the reader
to follow. It would be helpful to combine figures that show the same quantities
(e.g., Figs 21, 22, 23, 24) so that the reader can compare them directly.

Reply: We try to deliver as much as possible information in the Supplement so
that interested readers can dig deeper into the numbers. This can especially be
helpful for detailed inter-comparisions with other source apportionment studies.
As suggested, we panelled Figs 21-24 into one panel, which indeed makes inter-
comparision much easier.
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