To what extent is the description of streets important in
estimating local air-quality? A case study over Paris
(EGUSPHERE-2024-1043 — Research article)

Discussion

We thank the reviewers for their questions and comments on our work and appreciate the time spent
to review our manuscript. In the text below, the questions raised appear in brown, followed by our
responses and the modifications made to the paper. The sentences added are in blue and the sentences
removed are in red .

1 Reply to anonymous referee #1’s comments

e My only concern is that the study is presenting a fairly lengthy analysis of a rather trivial fact,
namely, that the differences in concentrations at individual stations estimated by the subgrid and
MUNICH methods strongly depend on the differences in local emissions at the respective road
segment. This is a trivial observation because the ”subgrid method” treats all streets within a
grid cell in the same way, whereas the MUNICH approach accounts for the different emissions in
each street segment separately. Another factor potentially affecting the differences is the street
width:building height aspect ratio, but Figure 7 suggests that this factor is much less important.
A more detailed (and again very lengthy) analysis then suggests that there must be an influence
but that it is hardly discernable against the emissions influence. I recommend to (substantially)
shorten the respective sections and possibly put some results in an appendix. This would make
the paper more easily accessible and attractive.

We understand that this remark mainly concern the section 4.2, but we have also reviewed section
4.3 of our manuscript. We fully agree that the qualitative observation in the paper highlighting the
strong impact of spatial heterogeneities in traffic emissions on the differences observed between the
two approaches was easy to anticipate. The main goal of this section is not only to confirm this impact
but also to quantify it. It aims to understand the extent to which the two approaches converge or
diverge based on these heterogeneities concerning emissions and other factors. Following the reviewer
comment we chose to focus more on this last point.

Below are the detailed modifications made in Section 4.1.1:

An overarching problem with the description of emissions arises due to the heterogeneity
between SOULT and BP_EST, located in the same cell. Indeed, this area is crossed by the
heavily trafficked Paris ring road, which introduces significant urban spatial heterogeneity
(see Figure 4). This is extensively discussed in Section 4.2.
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Therefore, the beginning of Section 4.2 has been simplified. We decided to move Figure 7 to the
Appendix and shorten the analysis related to it. Additionally, we moved Equation 6 to the Appendix
along with its corresponding analysis. Below are the precise modifications made in Section 4.2.

By definition, the Subgrid method is supposed to represent a portion of a neighborhood,
whereas the MUNICH model generates concentrations for every single street. To emphasize
the impact of this conceptual difference, in Fig. 6, we compare the concentrations simulated
with MUNICH for each street to the corresponding CHIMERE /Subgrid grid cell (area of
1km?), but also with the mean of all the streets of the MUNICH road network located inside
this CHIMERE grid cell. This new averaged MUNICH output is noted as MUNICH _cell

in Fig. 6. The fractional bias generated by [MUNICH cell - Subgrid] (depicted by the
blue barplot) is significantly lower than that of [MUNICH - Subgrid| (brownn barplot)

at all stations for each pollutant. This outcome underscores the similarity in the average
behaviour of each method.

Gells-Stations located in cells intersected by the Parisian ring road exhibit the most sub-
stantial fractional-biases-difference between the two approaches for NOx, NOg, and PMj 5.

Additionally, when examining AUT and RN2, two stations with elese-comparable emis-
1 -1

sions (13.3pg.s”t.m~2 and 11.0 pg.s~t.m~? respectively), their FB significantly differs for
the three pollutants. This-indieates—that—the-The observed discrepancies are then not

solely attrlbutable to traffic emission levels —As—m&ﬁc—rp&%ed—ﬁeﬁk%he—s%&ﬁsﬁesrmﬂ

formance disparities as a consequence of urban heterogeneity tied to emissions and urban
topography.

It is interesting to quantify the influence of these two factors separately on the differences
observed. However, it’s worth noting that theythesetwe-facters-are not entirely indepen-
dent: in our domain, a highway with substantial traffic emissions generally corresponds
to a broad and open road. Moreoveria-MUNICH-, in MUNICH, the impact of the aspect
ratio ar on street concentrations is more wisiblefor—street—pronounced for streets with
high emissions than for street-those with low emissions. Additionally, a third factor could
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impact_these discrepancies. Because the Subgrid method has information only about the
street_area, we could expect some contribution from the wind direction. Its influence on
the discrepancies observed between the approaches has been studied and does not reveal
any significant impact in our case. But this could be due to the fact that the wind direction
barely changes over the studied period. making it challenging to analyze its influence.

JJ3=1Ng 5 i

cells calculated by the Subgrid method (see Appendix B, it is easy to show that emission
heterogeneities is an important factor in the discrepancies observed between the two
WM&%&HH&%M%WM&%&%@%%
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oncentratlon dlﬁerences Wlth the aspect ratio of the fmpaet—e#efmtﬂefrhe’eefegeﬂe%yﬂs

Comparing-conecentration-differenees—with-street, the aspect ratio seems not very relevant.
This can be explained by the absence of a direct use of the aspect ratio ef-thestreet-istess

relevant-as-this-variable-is-net-direetlyused-in the Subgrid approach, which only considers

the surface area of the street.

Finally, we have also shortened section 4.3 (Analysis of daily cycles), as detailed below :

About-thestation AUT-In areas with significant emission heterogeneity (such as AUT and
BP_EST), the Subgrld approach underestlmates %h&gas concentratlons at each hour of the

day+ ¥
m%ﬂawmﬁﬂwm%ﬂm%w@wmwa
MUNICH being particularly marked during the concentration peaks corresponding to the
rush hours (from 5am to 9am and from 5pm to Spm) T s-alse-at—these-moments—that
i rue-This
WMfw PM2 5 concentrations. C_Phe—behﬂ’ﬁeﬂf—iﬁ—diﬁ:efeﬁt—far—bﬁﬂeﬂb
leeated-in-In areas with less emission heterogeneity (HAUS and BONAP)—In-these-eases,
the two methods exhibit alternating periods of over- and under-estimation of NOx and NO»
concentrations throughout the day, and-with the dispersion of the bias of each approach
is-being quite similar. Specifically, the spreads of these biases (the difference between the
maximum and minimum bias) for the two methods remain fairly similar for a given hour
of the day. This underscores the similarity in the daily variability of the methods. The
other stations are displayed in Appendix E.

Figure 9 shows the averaged 24-hour profiles of the bias between MUNICH and the Subgrid
approach at each hour of the day for the same three statlons It eeﬂﬁ%m&—ﬁhﬁt‘%hediﬁefeﬂeeb

Hewever—illustrates that the discrepancies between the two approaches become more pro-
nounced at certain times of the day. These differences are minimal during nighttime and
escalate with traffic. Regarding NOx concentrations, the bias between the two methods
remains positive and increases slightly throughout daylight hours. This indicates that
for these streets, MUNICH retains traffic emissions for longer than Subgridthe Subgrid
approach. Conversely, for NOg concentrations, the sign of the bias varies aleng-throughout
the day. Indeed—while-While in most cases the street-network model generates higher con-
centrations of NOg than the Subgrid method, this-the latter generates higher concentrations
during the morning. Nete-It is noteworthy that all the other stations (apart from AUT and
BP_EST) behave in the same way as HAUS and BONAP, whieh-are-as shown in Fig. 9.
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e The ”subgrid method” seems to require multiplying the number of species in the chemistry
scheme by the number of sectors considered, which seems very expensive. Please clarify whether
really all species (including secondary) are treated n times (where n is number of sectors) and
whether this is done in the whole 3D grid of CHIMERE or only in the lowest few layers. If this
is done only in the lowest layers, how is the transition to the upper layers handled, where each
species is represented only once?

As indicated in lines 117-118 of the original manuscript, the subgrid method processes all species
(including secondary ones) for all sectors considered in the approach. The sentence has been modified
to clarify this point :

The advantage of this approach is that the full chemical mechanism operates over each
subgrid-scale volume, i.e. for each sector specifically considered, leading to subgrid scale
concentrations for all model species.

Although this method can be applied to multiple cells, it is only implemented at the surface cell.
Tests performed for the publication of the approach (Valari and Menut, 2010) that are not discussed
showed negligible differences in concentrations when applied to all vertical cells versus only the surface
cell. Moreover the application of the method is only local, meaning it can be used for one chosen
subset, of cells. There is no specific transition between cells using this method and those using the
classic approach (without sectors) because the classic approach remains applied to the entire grid.The
additionnal computational burden remains therefore affordable in a general case. In the present study
the subgrid approach is not computationally expensive because it is applied for two sectors to only a
few cells, where measurement stations are located. To clarify this point, the following sentences have
been added at the end of the section 3.2.2 :

The approach is applied only to cells containing a traffic station, representing a total of 8
cells. Their locations within the grid are illustrated in Figure 1d.

e Similarly, for the ”"MUNICH method” it seems that the number of species (per CHIMERE grid
cell) has to be multiplied by the number of street segments in that cell. Within a 1 km x 1 km
grid cell this number must be quite large, making the scheme potentially very expensive. Again,
it is unclear to me whether all species of the chemistry and aerosol schemes are treated in this
way or only a subset. And is this done for all CHIMERE cells in Paris or only for the handful
of cells containing the measurement stations? Please clarify!

Thank you for pointing out the absence of this important precision. Indeed, all the species in the
chemistry and aerosol schemes are accounted for in the MUNICH model. To clarify this point the
following sentence has been added in the section 2.2 :

As with the CHIMERE subgrid-scale model, the full chemical mechanism is applied to
each street, leading to street scale concentrations for all the species in the model.

The MUNICH model was applied to the entire street network representing the city of Paris and
its close suburbs, as explained in section 3.2.1.
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The final street network comprises 4655 streets and extends over the city of Paris and its
nearby suburbs

MUNICH operates as an Eulerian model and, in the present study, independently of the CHIMERE
simulation. The computing time of the concentrations in the street network is divided equally accord-
ing to the number of processors used, ensuring a reasonable computing time of around 72h with 50
CPUs for a two-month simulation (we have not specifically optimised this computing time).

e Finally, it should be briefly explained how wind along the different street segments is computed.
I assume that the wind in segments perpendicular to the mean flow (from WRF) is lower than
in segments oriented along the mean flow. I assume that the orientation of a street canyon
relative to the mean flow is another factor potentially contributing to differences between the
two methods, because the "subgrid method” cannot take this into account. Please comment on
this point and eventually add a corresponding analysis.

Thank you for pointing out this point. The Section 2.2 has been expanded to precise how wind
speed is taken into account in the street network, as detailed below :

detailed-in-Maison—et-ak—2022) The implementation of the different parameterizations
available in MUNICH to determine the average wind speed in a street is detailed in Maison
et al. (2022). The first step is to compute the wind speed at the mean height of the
building, up. It can be derived in MUNICH from a representative wind speed above the
urban canopy or from the friction velocity w,. This second option and the parameterization
of Macdonald et al. (1998) are used in the current work, allowing an estimation of uyg based

on an average vertical profile at the scale of a neighborhood. Then only the component
of the wind in the direction of the street is taken into account to reconstruct the wind

vertical profile in the street. It has been represented in the current study following the
work of Wang (2011, 2014). Finally the average wind speed in the street is obtained b
integrating the chosen wind profile between the soil roughness and the building height.

As the Subgrid method only has information about the street area, we indeed assumed that
wind direction could be one of the factors contributing to the differences observed between the two
approaches. Nevertheless the study of the influence of wind direction on these discrepancies does not
reveal any significant impact in our case. We noticed that the wind direction barely changes over the
studied period, making it challenging to analyze its influence. To clarify this point, some comments
have been added in the Section 4.2. The modifications have been detailed above, but are briefly
reminded below :

It is interesting to quantify the influence of these two factors separately on the differences
observed. However, it’s worth noting that theythese-two-factors-are not entirely indepen-
dent: in our domain, a highway with substantial traffic emissions generally corresponds
to a broad and open road. Moreoverin-MUNICH-, in MUNICH, the impact of the aspect

AARAAA RN
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ratio ar on street concentrations is more wvisiblefor—street—pronounced for streets with
high emissions than for street-those with low emissions. Additionally, a third factor could

impact_these discrepancies. Because the Subgrid method has information only about the
street area, we could expect some contribution from the wind direction. Its influence on
the discrepancies observed between the approaches has been studied and does not reveal
any significant impact in our case. But this could be due to the fact that the wind direction
barely changes over the studied period. making it challenging to analyze its influence.

Reply to minor comments

Below, we answer to one of the minor points, the others have been corrected as proposed.

e Assumption that traffic profile is representative for anthropogenic heat flux in February is fairly
questionable, since heat release from heating is likely much larger in this month than traffic.

We agree that this modeling choice is questionable. The paper emphasizes traffic measurement
for the current comparison. Given that the resutls of the approaches studied are strongly influenced
by traffic emissions and that we have access to traffic data provided by Airparif, we decided to use
this type of profile for our simulations, as explained in Section 3.1.3. And this approach appears to
be better than using the default profile provided by WRF. We guess from this result that a temporal
profile corresponding to heating, or ultimately to the total anthropogenic heat flux, would not be very
different.

2 Reply to anonymous referee #2’s comments

e [t is not clear how "double counting” of the street traffic emissions is avoided. The emissions
Ei are used in CHIMERE (eq. 1) as well as in MUNICH (eq. 2). This might lead to double
counting and additional (too high) urban background contributions in CHIMERE caused by the
street that is considered in MUNICH. On the other hand, if the street traffic emissions are only
included in MUNICH, then the effect of neighboring streets is not included as contribution to
the background concentration for the street considered. It is not clear how this is accounted for.

The issue of “double counting” of emissions and its concrete consequences when models are cou-
pled together strongly depend on the nature of the models and the coupling strategy. The MUNICH
model belongs conceptually to the class of Eulerian approaches. When runnning the street-network
model MUNICH in stand-alone mode, as is the case in this work, it is mandatory to provide back-
ground concentrations as boundary condition at the top of the buildings’ roofs. In the current work,
these background concentrations are provided by the regional scale CHIMERE model, an evaluation
of which against urban background measurements is given in Appendix D. This evaluation shows
that CHIMERE is able to provide boundary conditions that are representative of the background
concentrations observed, which is what is actually expected.

Street concentrations are computed in MUNICH as the result of the integration of the mass con-
servation equation (see Lugon et al., 2020), taking into account emissions in the street network and
exchange fluxes between the street volume and its boundary conditions at roof level, as is done in
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regional Eulerian chemical transport model. It is important to keep in mind that the street concentra-
tions are never estimated as the direct sum of the background concentrations with a local concentration
only due to sources in the simulated domain.

We believe that the issue of “double counting” is more significant when source-oriented models
are used, such as Gaussian plume models (e.g. Benavides et al., 2019) or Lagrangian models (e.g.
Berchet et al., 2017) for which the constitutive equations do not take into account the contribution of
a background via boundary conditions. Gaussian models explicitely assume null boundary condition
and Lagrangian models, often implemented as source oriented models to ensure low computing time,
do not manage incoming fluxes through spatial boundary conditions. With this type of approach,
it becomes necessary to estimate the street concentration as a composition, generally a sum (e.g.
Stocker et al., 2012), of a local contribution and a background contribution. From our point of view,
it is mainly this composition that raises the question of “double counting”.

However, we recognise that the ”one-way” nesting coupling strategy used in this work and in many
others with MUNICH (e.g. Sarica et al., 2023; Kim et al., 2022; Lugon et al., 2021; Wang et al., 2022),
but more generally with any local Eulerian model (e.g. Alam et al., 2024; Lauriks et al., 2021) , leads
to some coupling errors. And some of these errors are indeed due to the fact that ”local” emissions
are taken into account in both the local and regional models. We intend to provide a comprehensive
analysis of the nature of these errors in the case of coupling the MUNICH street network model with the
CHIMERE model, and of their consequences, in a separate paper presenting the ”two-way” coupling
strategy we have implemented between MUNICH and CHIMERE. We believe that this ”two-way”
coupling strategy is the most appropriate way of dealing with this issue for our approach.

The following sentence is added in our manuscript in section 2.2 to clarify further this point:

In the framework of the one-way coupling strategy applied in this work, as in many pre-
vious studies (e.g. Sarica et al., 2023; Wang et al., 2022), the background concentrations

{%ﬁﬁrﬁeé%e—ﬁbseiﬁﬁeﬂﬁ—m%ﬂﬂeﬁ%e} are not modlﬁed by MUNICH. These background
concentrations are evaluated against observations in Appendix D. This comparison shows
that CHIMERE is able to provide boundary conditions for MUNICH that are representative
of the background concentrations observed.

e Secondly it is not clear if or how the O3-NO-NO2 chemistry is modelled differently in MUNICH
compared to CHIMERE. This is important because the time scales might be different.

The O3-NO-NO2 chemistry in both models is represented by the same chemical mechanism MEL-
CHIOR2 (Derognat et al., 2003), as explained in section 3.1.4 (lines 262-265). In both cases the
temporal integration is explicitly solved and does not rely on a stationarity assumption. This para-
graph has been reworded to clarify further these points :

and MUNICH 51mulat10ns a same conﬁguratlon of SSH-aerosol is used at—every—seale;
Both simulations use the same chemical module
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for gas chemistry, the MELCHIORZ2 mechanism (Derognat et al., 2003; P.L.Carter, 1990

and the H20 (Hydrophilic/Hydrophobic Organics) reduced mechanism for the SOA (Sec-
ondary Organic Aerosol) formation from VOC (Volatile Organic Compounds Couvidat
et al., 2012). For both models the time integration of the gas-phase chemistry is solved
explicitly and is not based on a stationarity assumption, which means that different time
scales can be taken into account .
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