
Dear referee#1
Thank you very much for your review of our manuscript acp-2019-715. Please
find our replies to your comments below. In the following, referee comments are
given in italics, our replies in normal font, and text passages which we included
in the text are in bold.

This publication presents an analysis of the role of transport emissions on
different pollutants by using a tagging source apportionment approach. The un-
certainties related to the use of different emission inventories are also assessed.
The paper is well structured although the English should be reviewed. In this
respect, I listed some possible improvements (see the minor comment section)
but the whole text would need to be revised. Although I find this work of interest,
I listed below some major concerns I have regarding the methodology proposed
by the Authors and would appreciate some additional information in the text
regarding these points before I could recommend publication.

We thank referee#1 for this overall positive comment and all other comments
which helped to improve the manuscript. For the revised manuscript we checked
the English language and clarified several issues (see below for our specific com-
ments). Currently, we perform a final proofreading before uploading the revised
manuscript.

1. As noted by the Authors in their introduction, sensitivity analysis and tag-
ging approach are two approaches that are used to answer different questions.
Sensitivity deliver impacts whereas tagging delivers contributions. While it is
rather clear that impacts can be used to inform on the potential effects of emis-
sion reductions on air quality levels, it is rather unclear how the contributions
estimated for the Authors can be used in practice. In one of their earlier work,
the Authors mentioned the possibility of using contributions in complement to
the impacts to inform on the potential of emission reductions that go beyond the
threshold covered by the perturbation or sensitivity method. But this possibility
is not mentioned in this work. On the contrary, confusion is introduced in some
sections in which the Author seem to indicate that contributions can be used to
support air quality strategies, e.g. in Section 4.2 (first three lines).

Reply: Contribution analyses provide no direct information about potential
benefits from emission reductions (see also Thunis et al., 2019). As discussed
by Mertens et al. (2018), which was mentioned by referee#1, the combination
of the sensitivity approach with the tagging approach can help to better under-
stand the changes in atmospheric composition by specific emission reductions.
The goal of this manuscript, however, is not to investigate potential mitigation
options. The goal is to quantify the contribution of the (current state of) land
transport emissions to ozone and ozone precursors. The tagging method is well
suited to answer this question. Such a quantification of the current status is,
to our understanding, the first step in understanding the influence of different
emission sources on the atmospheric composition, but can of course not replace
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additional sensitivity simulations. We clarified this in the revised manuscript.

The new section in the Introduction reads:
In contrast to this, Dahlmann et al. (2011) and Mertens et al. (2018)
have used a source apportionment method (by a tagged tracer ap-
proach, called tagging hereafter) to calculate the contribution of land
transport emissions to ozone. The perturbation approach is based
on a Taylor approximation to estimate the sensitivity of ozone (or
other chemical species) at a base state (w.r.t the chemical regime)
to an emission change. The tagging approach, however, attributes
all emissions at any base state (w.r.t. the chemical regime) to the
corresponding tagged emissions, but gives no information about the
sensitivity of ozone to an emission change (see also, Grewe et al.,
2010). For a chemical specie that is controlled by linear processes,
the perturbation and the tagging approaches lead to identical results,
however, the ozone chemistry is strongly non-linear. Therefore, only
for small perturbations around the base state (w.r.t. the chemical
regime) the response of ozone on a small emission change can be con-
sidered as almost linear, but the perturbation approach does not allow
for a complete ozone source apportionment (e.g. Wild et al., 2012).
As an example, Emmons et al. (2012) have reported that tagged ozone
is 2–4 times larger than the contribution calculated by the perturba-
tion approach. As has been outlined in numerous publications, this
difference is due to different questions these methods answer. The
perturbation approach investigates the impact of an emission change
on the mixing ratios of ozone and is therefore well suited to evaluate
for example mitigation options. The tagging approach quantifies the
contribution of specific emission sources onto the ozone budget for a
given state of the atmosphere (Wang et al., 2009; Emmons et al., 2012;
Grewe et al., 2017; Clappier et al., 2017; Mertens et al., 2018). These
contributions do, however, not necessarily change linearly with po-
tential changes in emissions. The difference between the results from
the perturbation and tagging approaches can actually be used as in
indicator for the degree of non-linearity of the chemistry as pointed
out Mertens et al. (2018) in their equation 6. In the following we use
the terms ’impact’ to indicate results from perturbation approaches
and ’contribution’ to refer to results of tagging methods. In this
study, we are interested in the contribution of land transport emis-
sions to ozone in Europe. Therefore, we chose a tagging method for
source apportionment.

In addition we clarified this at several parts of the manuscript (see ’diff’ ver-
sion). Especially the first part of Section 4.2 reads now: ”To improve the
understanding of extreme ozone events, ...”

2. Along the same lines, the Authors mention that these findings based on
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tagging are in line with other studies using perturbation methods (see l27 in
the discussion section). How can these conclusions be reached when it is clearly
mentioned in the introduction that perturbation methods and tagging are expected
deliver different results. These two statements contradict each other, unless O3
may be considered as a linear species, in which case both methods would indeed
converge to the same conclusions

Reply: We agree with referee#1 that this part of the conclusions was miss-
leading in the original manuscript and your comment is very much in line with
the comment from referee#2. We rewrote large parts of the conclusions includ-
ing a more detailed comparison of the results from different tagging methods
for Europe. This comparison helped to understand the results of the different
tagging approaches in more detail. The new part of the discussion reads:

A detailed comparison of our results with previous studies is com-
plicated: First, we apply one global tag for the land transport sec-
tor and do not differentiate between local produced ozone and long
range transported ozone. In comparison to our approach similar re-
gional studies usually attribute ozone only to the emissions within
the regional domain and attribute long-range transported ozone to
the boundary conditions. Second, the tagging methods applied in
various studies differ. Third, the applied emission inventories differ,
so do ozone metrics and simulated periods. Tagaris et al. (2015),
who calculated the impact of different emission sectors on ozone us-
ing a 100 % perturbation of the respective emission sectors reported
an impact of European road transport emissions of 7 % on aver-
age for the maximum 8 hr ozone values in July 2006. In most re-
gions impacts above 10 % have been reported, with maximum local
impacts (Southern Germany, Northern Italy) of above 20%. While
their largest impacts occur in similar regions as our largest contribu-
tions (Southern Germany, Northern Italy), our mean contributions
are larger than their impacts, but the maximum contributions are
lower than their maximum impacts. Further, around London and
in parts of Northern England their impacts (see Fig. 3 therein) are
around 2 to 4 %, while our contributions are in the range of 8 to
10 %. Hence, impact and contribution differ largely in these regions.
This is in line with previous work, stating that the contributions to
ozone are more robust, i.e. less dependent on the background, as the
perturbations or impacts (Grewe et al., 2012, 2019). All the stud-
ies that we are aware of and which reported contributions of land
transport emissions to ozone over Europe using a tagging method
either use the CAMx model (CAMx OSAT method, Karamchandani
et al., 2017) or the CMAQ model (CMAQ-ISM method, Valverde
et al., 2016; Pay et al., 2019). As discussed, these two methods ap-
ply a sensitivity approach to check, whether ozone production is NOx

or VOC limited. These previous studies considered only European
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emissions, while we consider the combined effect of European emis-
sions and long range transport. Therefore, one would expect that our
contribution analysis shows larger contributions as previous studies.
However, our contributions in general are lower compared to previ-
ously reported values. As an example, Karamchandani et al. (2017)
reported contributions around larger European cities in the range of
24 to 11 %, in Budapest even up to 35 %. Valverde et al. (2016)
reported contributions of road transport emissions from Madrid and
Barcelona of up to 24 % and 8 %, respectively. Similarly, Pay et al.
(2019) diagnosed contributions of road transport emissions on ozone
of 9 % over the Mediterranean Sea and up to 18 % over the Iberian
Peninsula, however for a specific summer episode only (July 2012).
To discuss potential reasons why our contributions are lower com-
pared to previous estimates, we analysed our results for July 2010,
to compare these contributions directly with the findings of Karam-
chandani et al. (2017). As an example, Karamchandani et al. (2017)
reported contributions of 17 % around Berlin, while our contributions
are in the range of 12–14 %. Further they diagnosed contributions
from the biogenic sector of around 11 % around Berlin, while we find
contributions of the biogenic sector of around 18 %. Generally, the
contributions reported by Karamchandani et al. (2017) seem to be
much more variable over Europe compared to our results. A reason
for this might be the different treatment in the apportionment of NOx

and VOC precursors. Land transport emissions contribute mainly to
NOx emissions, while biogenic emissions are an important source of
VOCs. As shown by Butler et al. (2018), anthropogenic emissions
contribute most to ozone over Europe, if a NOx tagging is applied,
while biogenic emissions are the most important contributor, when a
VOC tagging is applied (Figs. 3 and 4 therein). Accordingly, those
approaches which use a threshold to perform either a VOC or NOx

tagging, attribute ozone production under VOC limitation mainly
to biogenic sources, while under a NOx limitation ozone is attributed
mainly to anthropogenic sources (including land transport emissions).
Most likely this leads to a much stronger variability between anthro-
pogenic and biogenic contributions compared to our approach, where
ozone is always attributed to NOx and VOC or HOx precursors. Sim-
ilar effects can also be observed when comparing our results to the
results of Lupaşcu and Butler (2019), who applied a NOx-only tag-
ging for the period April to September 2010 and considered regional
as well as global sources similar to our approach. They reported
contributions of biogenic emissions in Europe for the period July -
September between 5 and 13 % over Europe. Our results show con-
tributions of biogenic emissions which are much larger (15 to 26 %
for the same period). In there approach, ozone is only attributed to
biogenic NOx emissions, while we attribute ozone to biogenic NOx and
VOC emissions. Further, our estimated stratospheric contribution to
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ground-level ozone is also larger than the contributions reported by
Lupaşcu and Butler (2019). In this case, our results indicate contri-
butions for July to September in the range of 5 to 10 % compared
to their 2 to 4 %. Similarly, for lightning-NOx our model shows
larger contributions (6–12 %) compared to the 3–6 % diagnosed by
Lupaşcu and Butler (2019). These differences of the contributions for
the stratospheric and the lightning category can partly be attributed
to the more efficient vertical mixing in COSMO-CLM. Mertens et al.
(2020) reported a maximum difference of the contributions from the
stratosphere and lightning to ozone between EMAC and COSMO-
CLM/MESSy of 30 % at maximum. As the difference between our
results and the results of Lupaşcu and Butler (2019) are much larger
as these 30 %, the difference can most likely not entirely be attributed
to differences in vertical mixing. Rather, the differences can probably
be explained by the different contributions of the biogenic category
(due to different tagging methods) and by the different contributions
of lightning and stratospheric sources. However, the different stud-
ies provide not enough insights about the applied emissions (e.g. for
lightning-NOx, soil NOx and biogenic VOCs) to fully analyse these
differences. The discrepancies between the results of the different
source apportionment methods show clearly the importance of a co-
ordinated comparison of different source apportionment approaches,
as has already been suggested by Butler et al. (2018).

3. In some sections, many numbers are given to characterize the various con-
tributions, e.g. Section 5. A few additional lines to detail the implication these
results may have would be useful.

Reply: We thank referee#1 for this suggestion. Generally, our manuscript is
composed in such a way that the first sections present only our findings while
we discuss the implications in the following sections. Concerning Section 5 we
added the following sentence:

These results indicate the importance of land transport emissions for
the mixing ratios of reactive nitrogen levels in German cities.

Most of these comments address spelling errors or unclear grammatical sen-
tences. But I would strongly suggest the Authors to review the whole text re-
garding the English writing.

Reply: Thank you very much for the corrections. We added all of them. For
the revised manuscript we checked the manuscript carefully and will perform a
final proofreading before uploading it. We are very sorry for the large amount
of spelling errors in the original manuscript.

1. In many sentences ’as’ is used in place of ’than’ (e.g. p19 l27; p22 l6; p26
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l25. . .)
Reply: We checked the whole manuscript and fixed it (hopefully) everywhere.

2. P1 l28: teh - the
Reply: Fixed !

3. P3 l20: quantifies - quantified Reply: Fixed !

4. P4 l29: Th - the
Reply: Changed to ’to’

5. P5 l34: an - a
Reply: Fixed

6. P5 l35: to - too
Reply: Fixed

7. P8 l9: not - note
Reply: Fixed

8. P8 l8: party - part
Reply: Changed to parts

9. P19 l16: kept - be kept
Reply: Fixed

10. P19 l 25: the text within parentheses is unclear
Reply: Changed to (i.e. the emission sectors anthropogenic non-traffic
and aviation)

11. P19 l29: increase - increases
Reply: Fixed

12. P19 l34: all most - almost
Reply: Fixed

13. P22 l14 & 15: sentence is unclear
Reply: We changed the sentence to: We analyse the contribution of land
transport emissions to the ozone budget in Europe by investigating
the net ozone production, which is defined as:

14. P23 l3: second - second most
Reply: Fixed

15. P23 l11: is displayed - are displayed
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Reply: Fixed

16. Discussion section: could the Authors add a few words to explain how all
these contribution numbers can be validated? Can we use contributions to know
which inventory might be closer to the truth?
Reply: This is indeed a good point. What can be done is an evaluation of model
results and diagnosed contributions with measurements for specific periods to
check, if processes are implemented correctly (or if they are missing). Exam-
ples could be periods with large influence of stratospheric ozone (where models
should show large stratospheric contributions) or measurements in city plumes,
for which models should show a large contribution of ozone from anthropogenic
categories. We added a short discussion on this in the revised manuscript. A
crucial point is also the differences in the tagging methods, which need to be
investigated in more detail to understand strengths and weaknesses of the dif-
ferent approaches better. In our opinion, contributions alone do not help to
discuss individual emission inventories. At the end all information (measured
and simulated ozone mixing ratios, and contributions) can help to estimate if
emission inventories are in a plausible range. However, in our opinion they can-
not help to judge, if an emission inventory is right. The additional part in the
discussion reads:

Challenging remains also the question on how to evaluate these source
apportionment results. Clearly, a comparison of different source ap-
portionment methods would help in revealing individual strengths
and weaknesses. In addition, we plan to include source apportion-
ment results in the process of model evaluation (and suggest similar
to other modelling groups). By comparing measurements and model
results for specific episodes or for specific regions (e.g. in plumes of
cities, in regions with strong lightning activity or events of strato-
spheric intrusions) it can be investigated, if the diagnosed contribu-
tions are in a plausible range. Further, the influence of model biases
on the analysed contributions can be estimated. A direct evaluation
of these contributions, however, is not possible.

17. P25 l3: corresponds - correspond
Reply: Fixed

18. P25 l7: depend - depends
Reply: Fixed

19. P25 l8: contributor - contributors
Reply: Fixed

20. P25 l17: increase - increases
Reply: Fixed
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21. P25 l19: regions of - regions with
Reply: Fixed

22. P25 l25: not largest - not the largest
Reply: Fixed

23. P27 l11: by different - between different
Reply: Fixed

24. P27: l28 to 30: please check the use of the word ’uncertainty’ which is used
many times in a couple of sentences
Reply: We rephrased the sentences to:
Of course, also the uncertainties in the emission inventories for emis-
sions outside of Europe can also influence the contribution analyses
considerably, but this has not been investigated in the present study.
During summer the differences between the contributions diagnosed
using the two emission inventories are larger than the year-to-year
variability. Hence, during summer uncertainties of emission invento-
ries for Europe influence the contribution analyses considerably.

25. P28 l2: studies - studied
Reply: Fixed

26. P28 l9: o - ?
Reply: Fixed

27. P28 l9 region - regions
Reply: Fixed

28. P28 l11 increase - increases
Reply: Fixed

29. P28 l19-20: can the Author develop a little bit more on how they plan to
use observation data to validate the contributions? I believe this is a key point
and one of the major benefits of the tagging approach.
Reply: For the revised manuscript we added some more details about this in
the discussion section (see our reply above). In the conclusion section we added
a reference to the discussion section.

We are looking forward to your reply,
Mariano Mertens
(on behalf of all co-authors)
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