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The authors have submitted a research article describing large eddy simulation of the

atmospheric flow and CO concentration over the city of Nanjing. Numerical results Printer-friendly version
are compared with experimental ones. The quality of the paper is good. A few minor
improvements could be considered, as exposed below. Discussion paper
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tions. Please find our responses below.

A - Specific comments: 1. Around line 104, the authors clarify the following: neutral
stratification is assumed. It would be interesting to describe the meteorological condi-
tions associated with the experiments: was the stratification mostly stable / unstable /
neutral?

We added the following sentence to elaborate it: “The actual vertical stability varies
at Nanijing driven by the nocturnal cycle and large-scale weather patterns but with the
neutral condition being the most frequent (Li, 2010). A neutral stratification is also con-
sidered as the most representative condition because stable and unstable conditions
are either unfavorable or favorable for pollutant dispersion (Kurppa et al., 2018).”

2. Around line 106, the authors clarify the following: dry and wet deposition are ne-
glected. Did the authors removed the experimental samples associated with rain peri-
ods?

No. Because CO is not dissolvable, and we don’t find significant differences between
CO levels on rainy and non-rainy days. We clarified this by adding this sentence in line
210: “We include data on both rainy and non-rainy days as CO is not dissolvable.”

3. The temporal window (year / month / day / hour) associated with the experiment
seems to be missing.

To clarify this, the sentence in line 131-134 was modified as: “Due to the large compu-
tational cost associated with model simulation, we don’t run the model for a consecu-
tive time window with actual meteorological conditions. Instead, we choose a selective
combination of meteorological scenarios to represent the variability of meteorological
conditions at Nanjing.”

Also, we added the time window in line 181-182 for the evaluation dataset: “We eval-
uate the model results with observations collected from a mobile platform that is per-
formed during September 2019 - October 2020.”
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4. The boundary conditions are poorly described. Boundary conditions used at the
inlet / outlet / ground and at the top of the domain for velocity, pressure and CO should
be clearly described. Regarding the inlet, is the flow steady? If not, are the authors
using synthetic turbulence? Is the simulation considered fully resolved at the ground
level? If not, are the authors using some wall-functions?

We clarified these settings by modifying the sentence in line 115 as: “A “Neumann”
type boundary condition is applied for CO at the top and bottom of the model domain.
A “Cyclic” type is used for its lateral boundary conditions, which yields an infinite and
periodically repeating model domain. This is a reasonable assumption as our model
domain only covers a portion of the city of Nanjing. For the horizontal wind and pres-
sure, we use a “Dirichlet” type top boundary condition, a “No-slip” condition for the
bottom and solid walls, and a “Cyclic” condition for the lateral boundary of the model
domain. The flow is assumed to be steady at the inlet. The model explicitly resolves
solid obstacles (e.g., buildings) on the Cartesian grid and reduces the 3D obstacle di-
mension to a 2D topography conforming to the Digital Elevation Model (DEM) format
(Letzel et al., 2008).”

5. Regarding domain extension, is the domain high enough so that the boundary
condition used at the top of the domain has no significant impact on the flow of air and
on the CO concentration?

We clarified this by adding the following sentence in line 133: “Further increasing the
model domain height (e.g., to 2000 m) has no significant impact on the modeled airflow
and CO concentrations near the ground as most of the buildings are lower than 150
m.”

6. The authors have not investigated the mesh resolution. It would be interesting to
perform a simulation on a finer mesh to improve local estimations of the air flow and
CO concentration.

The current resolution is the highest one we can achieve, which is limited by the reso-
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lution of the building data. We clarified this by modifying the sentence in line 140 as:
“The building data includes the geographical location of the outer shape of buildings
(0.0001°x0.0001° resolution) ...”

On the other hand, the comparison with experiments is made on a coarse grid. Thus,
a simulation performed on a coarser mesh might perform as well as the present one
compared with experiment.

We thank the reviewer for bringing this up. That is indeed a drawback of our study. The
relatively low sampling frequency of the sampler (10 s, equivalent to ~100 m) limits
us to compare them at a higher resolution. We acknowledged this point by adding
this sentence in line 250: “We aggregate the model results into a 100 m resolution
due to the relatively low sampling frequency of the mobile sampler (10 s, equivalent to
~100 m), which is indeed a drawback and can be improved by higher time-frequency
sensors.”

Another improvement could be obtained by simulating more wind directions.

We agree with the reviewer. We have 48 scenarios (8 wind directions, 3 wind speeds,
and 2 emission scenarios). That is what our budget allows us to do the most, as each
scenario is computationally expensive. We, therefore, treat our simulation as demon-
strative and could be improved by setting up more scenarios. We acknowledge this by
adding the following sentence in line 151: “This results in a total of 48 scenarios, which
is limited by our computational capacity. We thus consider our study as a demonstra-
tion of the model approach and it can be improved by more scenarios.”

7. Figure 13 is a bit misleading. The averaged concentration and the exponential
curve fit very well. Each sample of the averaged concentration should be given with
error bars (obtained from the simulation). On one hand, it is correct to claim that after
averaging, the decay of concentrations associated with the distance to the nearest
major roads does not really depends on the wind speed, for the investigated cases. On
the other, this does not rule out the possibility that, for a given wind direction and for a
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few streets, the decay will be much faster or much slower. The inclusion of error bars
on the averaged concentration will allow the reader to visualize this variability.

We added error bars in Figure 13 as suggested. The following sentence was added to
the legend of this figure: “The circles and error bars are means and standard devia-
tions, respectively.”

The sentence in line 413 was modified as: “... modeled ground-level CO concentra-
tions (C) and their standard deviations as a function ...”

A sentence was added to line 417: “The equation fits the modeled means well, despite
the relatively large standard deviations especially when d is less than ~50 m (Figure
13)”

B - Technical corrections: 1. Line 58, the authors claim that trees increase turbu-
lence and reduce concentrations. Trees are also associated with reduced street ven-
tilation, which leads to higher concentrations. Thus, their effect remains controversial.
https://doi.org/10.1016/j.envpol.2012.10.021

“While trees are also associated with reduced street ventilation, which leads to higher
pollutant concentrations (Vos et al., 2013)” was added in line 61.

2. Around line 140-155, the time dependence of the traffic flow and city-level emission
should be clarified.

We added the following sentences at the end of this paragraph: “The diurnal variation
of the traffic flows and subsequently the traffic emissions at Nanjing are based on
the Gaode Map (https://report.amap.com/detail.do?city=320100). The total traffic CO
emissions in the model domain are 0.77 and 0.60 kg s-1 for rush and non-rush hours,
respectively.”

3. The URL links given at the end of Section 2 are not in English, and are thus of
limited use for an international audience.
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We replaced the URL with its English version: “http://data.cma.cn/en”.

4. In section 3.1 and at several other locations, the authors should replace "Air quality"
by "Modeled CO concentration”.

We modified the title of section 3.1 as “Very High-Resolution Modeled CO Concen-
tration” We also modified the sentence in line 55 as “Here we present a very high-
resolution air quality model for traffic-related CO air pollution in urban regions using
large-eddy simulation” Similarly, the sentences in line 93: “a very high spatial reso-
lution (less than 10 m) model for traffic-related CO air quality”; and in line 129: “To
represent the CO air quality at pedestrian-level”.

5. Regarding Figure 3, it seems that the concentration is not exactly zero at the top
right corner of the domain. This seems inconsistent with zero concentration at the inlet
and no emission at this location.

Thanks for pointing it out. We clarify this by adding the following sentences in line 116:
“A “Cyclic” type is used for its lateral boundary conditions, which yields an infinite and
periodically repeating model domain. This is a reasonable assumption as our model
domain only covers a portion of the city of Nanjing.”

6. In Figure 3 but also across the paper, the authors often present CO concentrations
without giving the associated elevation. Please clarify when ground-level concentra-
tions are used.

We added “ground-level” to describe the CO concentrations throughout the paper.

7. Figure 4 is of relatively poor quality and seems to contain negative modeled CO
concentrations...

The x-axis is on log-scale. We modified the tick labels to their actual values instead of
their log values.

8. Figure 5 seems to contain a cluster of samples with measured CO concentrations
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around 0.2 and modeled concentrations between 1.2 and 1.8. On one hand, the cluster
might not be statistically significant. On the other, it could be interesting to investigate ACPD
it.

We thank the reviewer for bringing it up. We added an interesting discussion for this
point in line 256: “The model tends to overestimate the measured CO concentrations
over the Neihuanxi Line (the line of points on the left of Figure 5, location marked in
Figure 1), which is a viaduct with better ventilation than ground-level roads. However,
our model considers all the emissions at the ground-level thus simulates much higher
concentrations than observations over this line. This also demonstrates the significant
air quality benefit of building viaduct in an urban environment.”

Interactive
comment

9. Figure 11 contains a typo on Longitude
We corrected this typo.

10. Figure 12 should be updated. The abscissa is the building height for frames (A),
(B) and (D) only.

We modified the x-axis labels of the four panels.

Interactive comment on Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2020-1168,
2020.
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