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Dear Referee #2,

Thank you for your detailed review and for sharing valuable comments! We will address
each of them one-by-one and our responses follow below including eventual modifica-
tions made in the revised manuscript.

General comment Overall, I think this is an interesting piece of work, and evidently
there has been a lot of time taken to use different models, and model setups, which
provides an informative comparison. I think by looking at the extreme values (5th &
95th percentiles) the authors highlight the importance of the “extremes” and the way
in which they can impact air quality, rather than just looking at the mean – something
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which could be of use to local authorities. I think they show the impact that urbanisation
can have on air quality, and which meteorological variables can further enhance this
during high pollution episodes. A few things need further explanation in the methods
section (described below), and I think the discussion / conclusion section needs more
refining. In particular I think that there should be some mention of a comparison be-
tween overall model performance over the region. In conclusion I think an overarching
statement relating back to urban land surface / air quality would be helpful to highlight
the importance of this work. There is also a problem with text size on all figures, these
will have to be plotted again as they are far too small. Also, it would be helpful to have
lettered/numbered plots to help make figure captions clearer. I think if these things are
cleared up, I am happy to recommend this paper is accepted for publication in ACP.

Authors response: We greatly appreciate that the reviewer considers our paper as
interesting and worth publishing. Following his comments, in the revised manuscript
we will provide more information on the model setup, model performance over the re-
gion, and also provide some final overarching statements and improve the presentation
quality regarding figures.

Specific comments

Page 1, Line 4: Most of the studies – makes it sound like you mean the model setups
you have just described. Make this clearer that you mean studies from the literature.

Authors’ response: we rephrased the statement to make clear that this refers to the
literature which dealt with the urban canopy meteorological forcing on air pollution.

1,10-14: Values helpful but percentages could help with contextualising values.

Authors’ response: we added the percentage values too.

1,11 modeled -> Modelled (this is first noticed here, but occurs multiple times through-
out).

Authors’ response: All occurrences corrected to “modelled” (i.e. British spelling).
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2,39 know -> known

Authors’ response: corrected.

2,46-47 Sentence doesn’t read well “The second influence can on the other hand”.
Consider rewording.

Authors’ response: we reworded the sentence in the revised manuscript

5,153 – Model setup section. There is very limited information on the domain in which
you are running. I know it is central Europe, but more information should be provided.
Maybe a plot showing model domain with each nest location (very common plot when
running multiple nests) would be helpful here. This could also give you an opportunity
to show the locations of the 4 major cities you focus on.

Authors’ response: In the revised manuscript, we added in the parentheses for each
resolution an approximate geographic extent and we added also a new figure (Fig. 1)
which shows the nesting structure of the domains with the resolved terrain including
the cities analyzed in the study.

6, 160 – “about” / “around” seems vague. I know this varies across time, but a more
quantifiable description would be helpful given that the bottom model layer is of impor-
tance in this study.

Authors’ response: We changed this to approximately 30 m. Indeed, the model layers
are defined as sigma layers and their thickness varies with temperature according to
the barometric formula. However, the lowermost layer changes only between 28 to 32
m, so we consider to use the word “approximately” as appropriate.

6,190 – Perhaps I couldn’t see this, but there is no information given on the resolution
of the anthropogenic TNO MACC-III emissions/high res Czech emissions. What consti-
tutes high resolution? You are running 3 domains at high resolution but what resolution
is the emission data feeding these domains? More information is needed here.
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Authors’ response: The TNO data have a resolution of about 6km x 6km which is suf-
ficient for describing emissions at 9 km and partially at 3km. For the area of Czech
republic, the REZZO and ATEM data were used which provide emission on irregular
shapefiles, as lines (for road transportation), points (point sources) and different irreg-
ular shapes (counties) that have characteristic geometric size from a few 100m to 1-2
km. Emissions defined over these irregular shapes are then spatially interpolated to
the model’s Cartesian grid. In the revised manuscript, we provided this information in
more detail.

7,215 – “In THE case of WRF-Chem”

Authors’ response: corrected.

7,218 – You say that you think the overestimation is associated with a size-limited
network of monitoring stations which cannot resolve local variations – how much is
this effecting it? If you are using this as your explanation, why use these regridded
observations at all. Can you get the individual station datasets and compare with these
instead? Therefore, removing the issue of interpolation/regridding?

Authors’ response: our intention here was to evaluate the overall spatial model perfor-
mance without focus on particular cities, i.e. whether there are systematic biases in
the regional modelled fields. The E-OBS is a well-known dataset and the latest version
was used here ensuring high quality of data. However, we admit that urban areas are
not so well represented in E-OBS which cannot resolve the higher temperatures over
cities. This led to overestimation seen especially for the WRF model.

7,235-243 – PBL height comparisons. Are you comparing like for like here? PBLH
is often calculated differently across models. Information on how the different models
calculate this might be helpful

Authors’ response: With this figure, we intend to provide only a rough comparison of
the typical PBLH values from measurements vs. model values. The BouLac scheme
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in WRF diagnoses PBLH as the height where the prognostic TKE reaches a small
value. In the Holtslag scheme, PBLH is determined where the bulk Richardson number
reaches a critical value. There are studies (e.g. Wang et al., 2014; Guttler et al., 2014)
that argue that the non-local diagnostic Holtslag scheme results in stronger mixing and
higher mixing than instead using a prognostic TKE (turbulent kinetic energy) based
approach (like the BouLac). This explains in general the higher values of PBLH in
RegCM (Holtslag) compared to WRF (BouLac) with the measured values often lying
in between. Consequently, we can say that the measured values lie well within the
intermodel spread. In the revised manuscript, we added a comment on this issue with
the mentioned references (also in the Discussion of the results.)

10,307/8 – Why are one set of results from the 1km domain, but all others from 9km
domain.

Authors’ response: we admit that this was not clearly formulated in the text. The do-
mains are nested telescopically for Prague, so this city is of main focus and the results
for it are from the 1 km runs. All other cities are outside of the 1 km domain and except
Munich, also outside of the 3 km domain. Therefore, for these cities, the 9 km runs
provide results (for Munich, we have chosen the 9 km domain as it is right at the edge
of the 3 km domain and we want to avoid some boundary effects).

18, 562-570 – I feel like more needs to be added to the discussion & conclusion, espe-
cially in regard to individual cities which are mentioned in Table 2-6 and in the results
section. The discussion section isn’t specific enough and talks about the variables
(both meteorological and chemical) overall, despite large differences over the total do-
main. There are no concluding remarks about the different models.

Authors’ response: we extended our discussion by commenting on the relatively large
differences in both meteorology and chemistry between individual cities and models.
We formulated several reasons and the impact of resolution is detailed too. We ex-
tended the concluding remarks and included some overarching remarks that put our
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research in a wider scope with recommendations for aiming future research.

31, Fig 1 – There might be some issue between the boundary conditions and the outer
nest? There seems to be a “border” of higher values around the 2 most right plots (4th
column). I have seen this myself when plotting WRF-Chem results and I think (can’t
remember 100%), but this may be to do with you plotting values outside of the actual
modelled domain.

Authors’ response: this is related to the buffer cells which serve to relax the boundary
condition values towards the model domain interior. This means that close to bound-
aries, model values tend to mimic boundary values which results in a “frame”-like pat-
tern seen in this figure. We added a note regarding this to the figure caption as well as
to the corresponding paragraph.

31, Fig 1 (continued) – Text size is far too small. Cannot read the title, lat/lon values
or colour scale values. I would consider labelling each plot (a-h for example), because
referring to plots by upper/lower row, 1-4th column is not ideal. Also consider titling
each row.

Authors’ response: we enlarged the titles of individual subfigures to make clear which
stand for which model/variable/season and also increased other labels size (axes, colo-
bar). Labelling subfigures with a-h is a standard element of the typesetting process
(including the necessary modifications in the figure caption) and will be done by the
publisher once the manuscript is accepted for publication.

31, Fig 2 – Similar to above, text on plots far too small. Cannot see without significantly
zooming in. Again, I think labelling individual plots will make the figure caption easier
to understand. At the moment it is hard to follow.

Authors’ response: same as above.

32, Fig 3 – Same as above.

Authors’ response: same as above.
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33, Fig 4 – Title size good here!

Authors’ response: same as above.

34, Fig 5 – Image Text size far too small again. Where you say shaded do you just
mean where there is colour plotted? I.e. Where the plot is white = not statistically
significant? I think the word shaded might need to be changed.

Authors’ response” we increased the size of the titles, colorbars and other script. How-
ever, more increase is not necessary as figure (as all other) has a high dpi (dots per
inch) resolution. Shades here means statistical significant values. We changed the
formulation to “white color means statistically insignificant results”.
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