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Reply to reviewer 2

I have thoroughly reviewed this paper, which provides valuable insights by mapping the concentrations of various species

down to the street scale. The study addresses an important aspect of air quality management and public health. However, after

careful consideration, I regret to say that the manuscript does not meet the standard for publication in ACP at this time. Below,

I outline my main concerns:5

Calculation and representativeness for population exposure: The primary concern lies in the calculation of population ex-

posure, as the PWC method used in this study is relatively simple and commonly found in previous studies. As it stands, the

study does not offer a sufficiently novel approach.

10

Our reply: The novelty of our paper is threefold: 1. the consideration of BC and PN exposures, which are very rarely esti-

mated with deterministic modelling, 2. the innovative modelling of residential exposures by coupling fine-scale urban mapping

with detailed population data per building, 3. the estimation of exposure scaling factors between exposure at fine and regional

scales for multi-pollutants.
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This study focuses on population exposure to outdoor concentrations at residences, which is commonly used as a proxy

for exposure in epidemiological studies (Hoek et al., 2024), or it is used as an input when estimating multi-environment

exposure (Karl et al., 2019; Valari et al., 2020; Elessa Etuman et al., 2024). In epidemiological studies, exposure to outdoor

concentrations at residences is often estimated using Land-Use Regression models (Ma et al., 2024), which are usually based on

linear regressions using land-use predictor variables and data from fixed monitoring stations and passive sampling. Regional-20

scale models (chemical transport models with a spatial resolution often coarser than a few km2) are sometimes used (Ostro

et al., 2015; Adélaïde et al., 2021), leading to simulated fine PM concentrations much lower than those simulated using LUR

models (Lequy et al., 2022). Their use is limited, because they are not able to represent the urban heterogeneities, e.g. gradient

between street and background concentrations. Multi-scale models, i.e. a combination of regional and local-scale models

(Kwak et al., 2015; Lee and Kwak, 2020; Park et al., 2021; Lugon et al., 2022; Lin et al., 2023; Wang et al., 2023; Strömberg25

et al., 2023), do represent urban heterogeneities, but they are often not able to represent the PM composition and the UFP, or

their application is limited to a city district.

This multi-scale modelling of BC and ultra-fine particle is very novel, as it allows modelling down to the street scale over

a whole city. Furthermore, using detailed population data per building, an indicator is presented to assess how much regional

modelling underestimates population exposure for different pollutants. It varies depending on the pollutants and in particular30

on their urban variability. To our knowledge, this kind of estimation has never been done before.

The introduction has been rewritten using the sentences above to precise that exposure to outdoor concentrations at resi-

dences is studied and to better point out the novelty of this work.

Given that the key objective of this study is to assess the impact of spatial heterogeneities on population exposure from mobile35

emissions, a more advanced calculation of the PWC (or ESF) is necessary. For example, incorporating a spatiotemporally-

weighted approach that accounts for the floating population could significantly enhance the analysis. Moreover, the current

calculation of population exposure is limited to a specific temporal range, making it less representative of the broader situa-

tion in Paris. Expanding this temporal scope would provide a more comprehensive and accurate representation. Furthermore,

returning to the basics, the street-level concentration shown in Figure 9 essentially reflects the PWC, making the conversion to40

a coarse resolution using Equation (1) less meaningful.

Our reply: Here, we do not aim to assess the impact of spatial heterogeneities on population exposure from mobile emis-

sions, but from all sources. This is now specified in the introduction: "The coupled systems represent concentrations from

the regional down to the street scales, taking into account all emission sources and secondary particle formation at all scales45

consistently (Lugon et al., 2022). "

The coupling CHIMERE/MUNICH allows to represent primary and secondary pollutant concentrations from the regional

to the street scales with an hourly temporal resolution. Compared to the widely used LUR approach, the approach proposed

here has the advantage of providing hourly concentrations, allowing short-term effects of pollution on health to be studied.50
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Compared to other deterministic approaches, it has the advantage of providing fine spatial resolution for multi-pollutants, in-

cluding BC and UFP. As explained before, accounting for a floating population, i.e. multi-environment exposure, is completely

out of the scope of the paper. The calculation proposed here for PWC is very advanced. Using deterministic modelling, studies

often considers that exposure at residences is the same that exposure to regional background concentrations (Ostro et al., 2015;

Adélaïde et al., 2021; Lequy et al., 2022), while the recent study of Lugon et al. (2022) assigns all the population to the major55

streets, without considering that people may also live in buildings that are not on the main streets. Here, we account for the

spatial distribution of the population per building, in each street, providing much greater details than previous studies.

Although, as the reviewer mentioned, our current analysis is limited to a specific time period (summer time), a key objective

is to present an improved method for assessing population exposure to BC and PN, and we have indicated plans for future

evaluations covering other seasons, as well as the potential application of this methodology to other cities.60

Lack of validation in modeling performance: Although the study includes some analysis in Tables 3 and 4, the comparisons

are spatially limited. Model simulations should be compared spatially and temporally with observations to sufficiently (more

intensively) verify the modeling performance. Presently, results are provided for only a few selected points without compre-

hensive statistical analysis, which diminishes the reliability of the findings. Including time-series analysis for each monitoring65

site, along with statistical metrics such as mean bias, RMSE, correlation coefficient, and index of agreement, would greatly

improve the robustness of the result. Furthermore, there is insufficient evidence to demonstrate that simulations with the REF

inventory outperform those with EMEP. In Figure 7, simulations of PM5 and PN using EMEP inventory appear to be more

accurate, especially considering the following: i) Excluding the high overestimation of EMEP in the first bin of Figure 6 and

ii) The Uncertainty is introduced by applying a mean conversion factor derived from one point to all points. Thus, if EMEP is70

applied in Figure 8, it seems likely that the performance of PM2.5, eBC, and NO2 would surpass that of the REF inventory.

Our reply: The model was evaluated at many background and traffic stations, using data from the monitoring stations from

the air-quality agency AIRPARIF, as well as data from two field campaigns (ACROSS and sTREEt) as detailed in section 2.4.

The model was compared to measurement at each station, and the comparisons were evaluated using many detailed statistical75

indicators with performance criteria from the literature, as detailed in Tables 2 and 3. Only the average indicators over the

stations were shown in the main document, as showing the detailed evaluation per station does not provide any additional

useful information. We have attached the tables of the statistical indicators along with the time series at each station in a

Supplementary document.

In Figure 7, the eBC and PN concentrations are largely over-estimated with the EMEP emission inventory. In the case of80

PM2.5, there is not a substantial difference between the REF and EMEP. For PN, EMEP tends to overestimate concentrations,

particularly showing significant errors in the first bin, as the reviewer mentioned. At PRG, the second size section is also

over-estimated using EMEP emissions. The reviewer mentioned the “Uncertainty introduced by applying a mean conversion

factor derived from one point to all points to estimate eBC”. This is done independently of the emission inventory, and as

recommended by Savadkoohi et al. (2024). In Figure 8, which aims at comparing regional and street scale concentrations, the85
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EMEP emission inventory can not be used because we can not use it at street scale as we do not downscale it further than 1 km

x 1 km spatial resolution.

Lacks explanation of methodology: Given that the key aim of this study is to develop a method for simulating multiple

pollutants down to the street scale, the manuscript would benefit from a more detailed explanation of the street-level model.90

The current manuscript focuses too much on emission data. This additional clarity would help readers better understand the

approach and its applicability.

Our reply: The section on emission data was shortened and details were put in the Appendix. The WRF-CHIMERE/MUNICH/SSH-

aerosol chain used in this study is the same as that employed by Maison et al. (2024). The street level model MUNICH has

been thoroughly described in a lot of papers (some are mentioned in the introduction). The paper of Kim et al. (2022) is cited95

in section 2.1, because it describes the last official version of MUNICH. This study emphasizes the modelling of BC and PN,

which requires careful processing of emissions, as well as comparisons to observations. In the model description of section

2.1, the models are briefly described as well as the differences with the official versions from which they were derived.

For clarity, the sentences mentioning the time of the study and the reference to the paper of Maison et al. (2024) are placed

at the beginning of section 2.1: "Simulations are performed with WRF-CHIMERE/MUNICH/SSH-aerosol from 01 UTC on100

1 June 2022 to 23 UTC on 31 July 2022, corresponding to a period with specific PN and BC measurements performed over

Paris, as detailed in section 2.4. The setting is the same as in Maison et al. (2024), and it is summarized here."

Language quality: The English throughout the manuscript requires improvements, including correction of grammatical er-

rors and typos. Many sentences are overly lengthy and would benefit from restructuring for better readability.105

Our reply: We improved the quality of the language by carefully reviewing the manuscript.

Specific comments:

Figure 5 and Lines 185-194: Clearly define the following terms: i) non-traffic emission, ii) Exhaust emission, iii) non-exhaust

emission, iv) other-traffic emission, and v) non-road traffic emission, mentioned in the manuscript. Based on the classification,110

it is unclear how aviation emissions (lines 185 – 194) are categorized under the non-traffic emissions.

Our reply: We have added new sentences to define the terms clearly in the revised manuscript.

"The distribution between traffic (exhaust vehicular road, non-exhaust vehicular road, non-road/other traffic) and non-traffic

emissions for NOx, BC, PM, and PN over Greater Paris is shown in Figure 3, and over Paris in Figure C1. Non-traffic emissions115

refer to all emissions excluding traffic emissions (exhaust vehicular road emissions, non-exhaust vehicular road emissions,

non-road/other traffic emissions). Exhaust emissions are produced from the combustion processes associated with road traffic

emissions, while non-exhaust emissions include road-traffic emissions resulting from road wear, tire wear, and brake wear.

Other-traffic emissions encompass emissions from ships and aircraft."
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Lines 241-242 and Table 2: The size distribution described in Table 2 is not clearly explained, making it difficult to under-

stand.

Our reply: The size distribution in Table 2 refers to the ratio between PM2.5 and PM10 in the emissions. The following

sentence has been added in the section that details the sensitivity study: "In the emission inventory, the non-exhaust emissions125

of particles are provided for PM10. Emissions of PM2.5 and PM1 are estimated using a PM1/PM2.5 ratio and a PM2.5/PM10

ratio."

Captions: Review and correct the captions of Figures 4 and B5.

130

Our reply: The label was modified to "Regional (left panels) and street (right panels) traffic emissions of NO2 [(a) and (b)]

and BC [(c) and (d)] averaged from June to July 2022."

Section 2.2.5 Title: Clarify the title of Section 2.2.5: Emission sources of NOx (?), BC, PM, and PN.

135

Our reply: The emission sources for NOx were indeed included in our analysis, and we understand the importance of

accurately representing this in the section title. We have revised the section’s title to “Emission sources of NOx, BC, PM, and

PN”.

Figure order: The figures are not mentioned in the correct order. In the manuscript, Figures B3, B1, B2, B5, and B6 are140

referenced out of order. Figure B4 is not mentioned.

Our reply: Thank you for your observation regarding the figure order. We have revised the manuscript to reference the figures

in the correct order as they appear. Figure B4 has been removed, as it was not referenced in the manuscript.

Methodology placement: The methodology for population exposure would be better placed in Section 2 (i.e., Section 2.4).145

Our reply: As suggested, the methodology of population exposure was moved to section 2.

5



References

Adélaïde, L., Medina, S., Wagner, V., de Crouy-Chanel, P., Real, E., Colette, A., Couvidat, F., Bessagnet, B., Alter, M., Durou, A., Host,150

S., Hulin, M., Corso, M., and Pascal, M.: Covid-19 lockdown in spring 2020 in France provided unexpected opportunity to assess health

impacts of falls in air pollution, Front. Sustain. Cities, 3, 643 821, https://doi.org/10.3389/frsc.2021.643821, 2021.

Elessa Etuman, A., Coll, I., Viguié, V., Coulombel, N., and Gallez, C.: Exploring urban planning as a lever for emission and exposure control:

Analysis of master plan actions over greater Paris, Atmos. Environ.: X, 22, 100 250, https://doi.org/10.1016/j.aeaoa.2024.100250, 2024.

Hoek, G., Vienneau, D., and Hoogh, K.: Does residential address-based exposure assessment for outdoor air pollution lead to bias in epi-155

demiological studies?, Environ. Health, 23:75, https://doi.org/10.1186/s12940-024-01111-0, 2024.

Karl, M., Walker, S.-E., Solberg, S., and Ramacher, M. O. P.: The Eulerian urban dispersion model EPISODE – Part 2: Extensions to the

source dispersion and photochemistry for EPISODE–CityChem v1.2 and its application to the city of Hamburg, Geosci. Model Dev., 12,

3357–3399, https://doi.org/10.5194/gmd-12-3357-2019, 2019.

Kim, Y., Lugon1, L., Maison, A., Sarica, T., Roustan, Y., Valari, M., Zhang, Y., André, M., and Sartelet, K.: MUNICH v2.0: a street-network160

model coupled with SSH-aerosol (v1.2) for multi-pollutant modelling, Geosci. Model Dev., 15, 7371–7396, https://doi.org/10.5194/gmd-

15-7371-2022, 2022.

Kwak, K.-H., Baik, J.-J., Ryu, Y.-H., and Lee, S.-H.: Urban air quality simulation in a high-rise building area us-

ing a CFD model coupled with mesoscale meteorological and chemistry-transport models, Atmos. Environ., 100, 167–177,

https://doi.org/10.1016/j.atmosenv.2014.10.059, 2015.165

Lee, S.-H. and Kwak, K.-H.: Assessing 3-D spatial extent of near-road air pollution around a signalized intersection using drone monitoring

and WRF-CFD modeling, Int. J. Env. Res. Pub. Health, 17, 6915, https://doi.org/10.3390/ijerph17186915, 2020.

Lequy, E., Zare Sakhvidi, M. J., Vienneau, D., de Hoogh, K., Chen, J., Dupuy, J.-F., Garès, V., Burte, E., Bouaziz, O., Le Tertre, A., Wagner,

V., Hertel, O., Christensen, J. H., Zhivin, S., Siemiatycki, J., Goldberg, M., Zins, M., and Jacquemin, B.: Influence of exposure assessment

methods on associations between long-term exposure to outdoor fine particulate matter and risk of cancer in the French cohort Gazel, Sci.170

Total Environ., 820, 153 098, https://doi.org/10.1016/j.scitotenv.2022.153098, 2022.

Lin, C., Wang, Y., Ooka, R., Flageul, C., Kim, Y., Kikumoto, H., Wang, Z., and Sartelet, K.: Modeling of street-scale pollutant dispersion by

coupled simulation of chemical reaction, aerosol dynamics, and CFD, Atmos. Chem. Phys., 23, 1421–1436, https://doi.org/10.5194/acp-

23-1421-2023, 2023.

Lugon, L., Kim, Y., Vigneron, J., Chrétien, O., André, M., André, J., Moukhtar, S., Redaelli, M., and Sartelet, K.: Effect of vehicle175

fleet composition and mobility on outdoor population exposure: A street resolution analysis in Paris, Atmos. Pollut. Res., 13, 101 365,

https://doi.org/10.1016/j.apr.2022.101365, 2022.

Ma, X., Zou, B., Deng, J., Gao, J., Longley, I., Xiao, S., Guo, B., Wu, Y., Xu, T., Xu, X., Yang, X., Wang, X., Tan, Z., Wang, Y., Morawska, L.,

and Salmond, J.: A comprehensive review of the development of land use regression approaches for modeling spatiotemporal variations of

ambient air pollution: A perspective from 2011 to 2023, Environ. Int., 183, 108 430, https://doi.org/10.1016/j.envint.2024.108430, 2024.180

Maison, A., Lugon, L., Park, S.-J., Boissard, C., Faucheux, A., Gros, V., Kalalian, C., Kim, Y., Leymarie, J., Petit, J.-E., Roustan, Y.,

Sanchez, O., Squarcioni, A., Valari, M., Viatte, C., Vigneron, J., Tuzet, A., and Sartelet, K.: Contrasting effects of urban trees on

air quality: From the aerodynamic effects in streets to impacts of biogenic emissions in cities, Sci. Total Environ., 946, 174 116,

https://doi.org/10.1016/j.scitotenv.2024.174116, 2024.

6

https://doi.org/10.3389/frsc.2021.643821
https://doi.org/10.1016/j.aeaoa.2024.100250
https://doi.org/10.1186/s12940-024-01111-0
https://doi.org/10.5194/gmd-12-3357-2019
https://doi.org/10.5194/gmd-15-7371-2022
https://doi.org/10.5194/gmd-15-7371-2022
https://doi.org/10.5194/gmd-15-7371-2022
https://doi.org/10.1016/j.atmosenv.2014.10.059
https://doi.org/10.3390/ijerph17186915
https://doi.org/10.1016/j.scitotenv.2022.153098
https://doi.org/10.5194/acp-23-1421-2023
https://doi.org/10.5194/acp-23-1421-2023
https://doi.org/10.5194/acp-23-1421-2023
https://doi.org/10.1016/j.apr.2022.101365
https://doi.org/10.1016/j.envint.2024.108430
https://doi.org/10.1016/j.scitotenv.2024.174116


Ostro, B., Hu, J., Goldberg, D., Reynolds, P., Hertz, A., Bernstein, L., and Kleeman, M.: Associations of mortality with long-term exposures185

to fine and ultrafine particles, species and sources: results from the California Teachers Study Cohort, Environ Health Perspect., 123,

549–556, https://doi.org/10.1289/ehp.1408565, 2015.

Park, S.-J., Kang, G., Choi, W., Kim, D.-Y., Kim, J.-S., and J.-J., K.: Effects of fences and green zones on the air flow and PM2.5 concentration

around a school in a building-congested district, Applied Sciences, 11, 9216, https://doi.org/10.3390/app11199216, 2021.

Savadkoohi, M., Pandolfi, M., Favez, O., Putaud, J.-P., Eleftheriadis, K., Fiebig, M., Hopke, P., Laj, P., Wiedensohler, A., Alados-Arboledas,190

L., Bastian, S., Chazeau, B., María, , Colombi, C., Costabile, F., Green, D., Hueglin, C., Liakakou, E., Luoma, K., Listrani, S., Mihalopou-
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