Point-by-point response for the comments of reviewer #1.
The font color of the reviewer’s comments is in black and our response is in blue.

General comment

This papers aims to investigate the effect of vertical distribution of ship plumes on modelling
of ground level concentrations at small spatial scale, i.e. a few kilometres from the source.
The topic is of interest even because the impact of ship emissions at berth in port cities is
actually concentrated at small distance from the port. Considering that specific
parameterizations to be included in models are provided, I believe that it is a topic suitable for
the Journal. It must be said that in a previous paper of the same authors, a very similar input
dataset was used and the same modelled ship, I believe that there are elements of novelty in
this analysis, however authors are invited to better clarify this aspect. In addition, some
aspects of discussion and interpretation is not very clear, see my specific comments, and a
revision step will furnish benefits to this paper.

We appreciate the reviewer’s opinion about the paper’s content and suitability for the Journal.
Thank you for your productive feedback.

Specific comments

Authors should explain better what are the elements of novelty compared to the previous
paper because a similar modelling approach and the same input ranges are actually used.

The novelty of this study are the new parameterizations for vertical emission distribution
based on MITRAS results. Badeke et al. (2021) analyzed the downward dispersion and
pollution effects only in the near-field. This study investigates resulting differences in further
distances (downwind inside the city). It is also an actual application of the microscale
parameterization in a city-scale model. Using the same dataset allows a coherent use of both
study results.

The following section has been added to the introduction (lines 120-128):

“In Eulerian city-scale models, the emission of a source like a stack are not necessarily
inserted into only one grid cell, but can be vertically distributed to account for effects of
plume rise and downward dispersion in the near-field. These initial emission profiles are
herein defined as the relative vertical distribution of an emission value into one or multiple
vertical grid cells. A Gaussian distribution, similar to the simple Gaussian plume models,
would be the first guess for such a distribution. However, the results of Badeke et al. (2021),
Bieser et al. (2011) and Brunner et al. (2019) led to the assumption, that for short ship stacks
that are close to the obstacle itself, the downward dispersion may lead to a significantly
different shape than a Gaussian distribution.”



Lines 28-32. Here it would be useful to put a priority in nitrogen oxides that could be
significantly impacted by shipping leading to overcomes of the legislation threshold in
specific areas of port cities. SOXx is certainly a ship-related pollutant but less relevant for
maintaining local air quality standards. However, it could lead to formation of secondary
aerosol (sulphate) that could have non negligible impacts at local and regional scales.

We agree to the comment and changed the order of substances to match with their relevance.
We furthermore added information on current limit values.

Lines 33-37 now read:

“From an air quality perspective, the most problematic combustion products from ship
exhaust are oxides of nitrogen (NOx = NO + NO») and particulate matter (PM), followed by
oxides of sulfur (SOx), carbon monoxide (CO) and volatile organic compounds (VOC). In
particular, the limit values for NO, of the EU directive 2008/50 (annual mean of 40 ug m
and 24-hour mean of 200 pug m) and target values from of the World Health Organization
(annual mean of 25 pg m=and 24-hour mean of 10 pug m) are often not reached (European
Union, 2008; World Health Organization, 2021).”

In the introduction, chain citations of a lot of papers together such as in lines 50-54 is not a
good practice because it does not give to the reader any real clue of why these papers have
been cited.

We removed the chain citation and explain the cited papers in more detail now.
Lines 57-63 now read:

“Epidemiological and health-related economic studies have been investigating the health
effects of ship emissions intensively over the last 15 years and describing their impact in
harbor cities. This includes exposure studies (Ramacher et al., 2019), assessments of
degradation in human health (Eyring et al., 2010), impacts of shipping emissions on mortality
(Lin et al., 2018) and premature deaths (Andersson et al., 2009; Broome et al., 2016; Corbett
etal., 2007; Liu et al., 2016), effects of organic shipping pollutants on health (Zhang et al.,
2019), benefits from low-sulfur fuels (Sofiev et al., 2018; Winebrake et al., 2009) as well as
health-related external costs from international ship traffic (Brandt et al., 2013).”

In the introduction is given a brief overview of the impact of ships to local air quality. I would
like to suggest to consider the recent review Contini and Merico (Atmosphere 2021, 12, 92) in
which an global overview of these impacts is provided.

Thank you for the suggestion. We now cite the review paper of Contini and Merico in lines
83-85:



“The review of Contini and Merico (2021) gives another comprehensive overview on the
current knowledge of maritime emission impacts on the air quality, health and projections of
regulation effects and mitigation strategies.”

Lines 89-93. | believe that the over prediction effect is not only due to plume rise, rather, the
uniform distribution of emissions on such a large grid could influence results.

This statement was based directly on the outcomes from Ramacher et al. (2020). The large
grid effect on chemical results has been mentioned in the paragraph above. It might also play
a role in the study of Ramacher et al. (2020). Therefore, lines 100-107 have been slightly
adjusted to:

“Overestimations and inaccurate chemical transformation rates can occur if ship emissions are
instantaneously diluted in a large grid, which reduces nonlinear reaction rates with the
hydroxyl radical (OH) and leads to a longer lifetime of NOx (von Glasow et al., 2003; Vinken
etal., 2011). This error can be reduced by using high-resolution numerical models.

In the Hamburg harbor study from Ramacher et al. (2020), a comparison with measurements
revealed an overprediction of modelled NO: close to the port area. In their study all shipping
emissions were released into the lowest vertical layer of the model (10 m) as area sources on a
1 km - 1 km grid without including effects of plume rise which might have led to the
overprediction, along with the resolution effect mentioned before.”

Lines 264-265. This is not clear. Probably you mean that you modelled gases as passive
tracers because you analyse small spatial and temporal scales so that transformations are
limited?

For a realistic air quality study, chemical transformation are also relevant on this spatial and
temporal scale. The focus of this study was primarily to investigate the pollutant distribution
and not the transformation. If chemical transformations are considered as well, several other
sensitivities would have had to be considered (e.g. background chemistry, other local sources,
radiation, etc.). This was beyond the scope of this technical study. Our results are however
applicable to all gases that might be seen as passive tracers.

Lines 294-300 now read:

“The resulting parameterization for the vertical concentration profile is integrated in the city
scale model system EPISODE-CityChem (Hamer et al., 2020; Karl et al., 2019b). This three-
dimensional Eulerian grid model is used to simulate the emission, transport, dispersion,
photochemical transformation and deposition of pollutants on a city-scale. In this study, the
focus lies on investigating the dilution of ship plumes under varying initial emission profiles.
Chemical reactions are deactivated in this study, to make it applicable to any passive tracer
gas. Also, the highly nonlinear NOx-O3 chemistry would need an inclusion of background
chemistry, diurnal differences for photochemistry and other sources to model NOx
concentrations precisely. This was beyond the scope of this study. Therefore, gases are
modelled as passive tracers.”



I suggest to include a discussion relative to the applicability to real cases. All the paper is
based on modelling of a single ship and the influence of considering (or not considering) the
plume rise is discussed for this specific cases. However, in real cases, there would be a
mixture of ships in which several parameters relevant to plume rise (like exhaust temperature
and momentum flux) are not known. The total emission itself is generally rather uncertain as
you also mentioned. So my question is if this approach to take into account vertical
distribution would have a relevant practical implication in real cases or the uncertainties are
large enough that this is a second order effect?

Investigating the effect and relevance of this new emission distribution approach on pollution
in a realistic air quality study will be presented in a future study.

We assume this effect to have a practical applicability, since more and more information on
large ships are collected in databases and missing information might be extrapolated from
similar ships.

The following paragraph has been added to the discussion section (lines 514-520):

“The author’s assume that besides the variety of uncertainties, the results of this study have a
relevant practical implication in real cases. Most importantly due to including the wind speed
as a variable into the calculation of vertical emission profiles which has the largest impact on
the emission distribution and resulting concentrations. Since wind speed measurements are
widely available, an inclusion of wind speeds into the distribution function is possible in any
real case scenario. Further uncertainties like technical parameters can be extracted from
engine datasheets for individual ships and, if not available, be extrapolated from similar ships
or engines. An important tool to derive these information for individual ships is the recently
developed ship emission modelling system MoSES (Schwarzkopf et al., 2021).”

Title of section 5.5. Better “Comparison of the effects of different input variables”.

Thank you, this correction has been adopted.

Line 444. There is a non-necessary parenthesis.

Thank you, this has been corrected.



