
Dear referee,

Thank you very much for the valuable comments to our paper and suggestions for article improvements. The
manuscript has been modified accordingly.

Below are the answers and modification on the manuscript. In the following: ”RefC” is the comment from
Referee, ”AuthR” is the author’s response and ”AuthCM” represents the author’s changes to the manuscript.
Page and line number refer to the page and line number in the version submitted for discussion.

Specific comments

Abstract

Comment 1.

RefC: ”Lines 1-3: Please consider revising the first sentence of your abstract to improve clarity. I would
suggest breaking the long sentence into shorter ones. Please consider using a single, consistent term (e.g.,
”high-resolution mapping” or ”fine-scale mapping”) throughout the manuscript to ensure uniform terminol-
ogy and avoid potential confusion. Otherwise, the bulk of the abstract seems to be well constructed.”

AuthR: The recommended corrections were done in the text. Also, ”fine-scale mapping” term changed
throughout the paper with ”high-resolution mapping”.

AuthCM: Page 1, lines 1-3: First sentence of the abstract revised: ”High-resolution mapping of pollutants
based on mobile observations facilitates deep understanding of air pollutant distribution within a city. This
approach fosters science-based decisions to improve air quality, by adding up to the existing but not optimally
distributed permanent monitoring stations.”

Introduction

Comment 1.

RefC: ”Lines 19 – 21. Please consider expanding this paragraph. Short term exposure to very high con-
centrations can also be a significant risk factor to human health in addition to prolonged exposure at lower
concentrations.”

AuthR: Modified according to the reviewer’s note

AuthCM: Page 2, line 19: added text ”Short term exposure to very high concentrations can also be a signifi-
cant risk factor to human health in addition to prolonged exposure at lower concentrations.”

Comment 2.

RefC: ”Lines 23 – 25. “Despite its critical impact,” I believe this paragraph may benefit from a relevant
citation.”

AuthR: Modified according to the reviewer’s note

AuthCM: Page 2, line 23: added reference (West et al, 2016)

Comment 3.

RefC: ”Also line 35, lines 35-36 and 36-39 should be properly referenced.”

AuthR: modified according to the reviewer’s note
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AuthCM: Page 2, lines 35-39: relevant citations added for line 35 ”(Deshmukh et al., 2020)”, for lines 35-36
”(Upadhya et al., 2024)” and for lines 36-39 ” (Yuan et al., 2024)

Comment 4.

RefC: ”Lines 39 – 46. “Several models have been developed. . . ” Apart from LUR and dispersion mod-
els, some additional well-established models and methods used for in urban air quality studies can also be
mentioned in this section. The LUR is sufficiently detailed in the following paragraphs however some other
methods may be worth mentioning.”

AuthR: There are of course many models and methods used for air quality. In our article, we mentioned the
models close to our approach.

AuthCM: none

2 Materials and methods

2.1 Study area

Comment 1.

RefC: Lines 90 – 95: “The land use of Bucharest is diverse” ....
Please consider adding an additional figure showcasing the diverse land use types present in the Bucharest
metropolitan area. Additionally, one may plot the routes covered in the measurement campaign to showcase
the lengths covered in each of the major land use areas. This would allow the readers to better assess the
spatial coverage of the study in relation to Bucharest’s heterogeneous urban structure.

AuthR: Added Figure 1, according to the reviewer’s note

AuthCM: A map with diverse land use types present in the Bucharest metropolitan area and the routes from
the measurement campaign has been added as Figure 1.

2.2 Observational data

Comment 1.

RefC: The authors describe conducting 15 measurement routes per campaign, each approximately 100 km
in length. While the spatial coverage across different urban typologies is noted, it would be valuable to
elaborate on the rationale behind this specific campaign structure. What were the key factors determining
the number and configuration of routes? Statistical requirements for the modelling? Logistical constraints
(traffic patterns, vehicle range, or time limitations)?

AuthR: The campaign timeline and structure were influenced by several key considerations:

Campaign Timeline and Time Constraints: Each route required several hours to complete due to the need
for detailed measurements along the designated track. This constraint limited the number of routes to one
per day. To ensure consistency and comparability, each route was conducted during the same time period on
different days, allowing relevant statistical conclusions to be drawn without introducing temporal biases.

Seasonal and Meteorological Limitations: The number of measurement routes was also limited by weather
conditions, as rainy days had to be excluded to avoid disruptions in data collection. Furthermore, only mea-
surements performed under similar seasonal conditions were considered, ensuring that the dataset accurately
captured pollutant variability specific to the warm or cold seasons.

Configuration of Routes: The configuration of the routes was designed to comprehensively cover the entire
city while considering key factors: a) Pollutant Sources and Dispersion: Routes were planned to capture
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areas with major emission sources and account for pollutant dispersion directions. b) Urban Typologies: The
campaign ensured coverage of all relevant urban area types (e.g., residential, industrial, traffic-heavy zones)
to meet the requirements of the dispersion model and provide representative data for the mixed-effects LUR
model. This approach ensured that the campaign provided a robust dataset for high-resolution pollutant
mapping while accounting for logistical, meteorological, and statistical considerations.

AuthCM: Page 4, line 105: added in text ”In order to ensure consistent and quality data that highlight the
variability of pollutants specific to warm or cold seasons, rainy and/or windy days were excluded from the
measurement campaigns.”

Comment 2.

RefC: Lines 111-113. Please elaborate on the decision to use the pass-band filter with a window of 3 data
points. What advantages are expected for choosing this smaller window? Why not use a larger window of 5
to 10?

AuthR: The 3-points window was chosen due to the spatial relevance, the pollutants concentrations are
similar in a given area, which is rapidly passed by the moving car. To be more clear to the reader the text has
been adjusted.

AuthCM: Page 4, line 111: ”3 data points was used to remove data-points with values higher and lower than
1.5 times the window mean.” was changed to ”3 data points window was used to invalidate the data-points
with values higher and lower than 1.5 times the window mean.”

2.3 Fine-mapping model

Comment 1.

RefC: Lines 131 – 137. The authors explicitly address a temporal correction, however it is not clear to me if
this is enough to cover for traffic congestions. I would expect that longer instances of traffic congestion and/or
lower than intended traveling speeds would result in skewed measurements for any given 250m segments.
How do the authors address this issue? Are there additional temporal corrections considered?

AuthR: Each route in the measurement campaigns was carried out in the same time period on different days,
allowing consistent measurements for each street segment without the introduction of temporal bias due to
”traffic congestion”. For this reason, we considered that an additional temporal correction is not necessary
to cover ”traffic congestion”.

AuthCM: none

Comment 2.

RefC: Lines 139-140: “First, a subset of data collected. . . ”
How large was the subset of the cross-validation data? 20-30%? And what was the reasoning behind this
percentage? Please elaborate on this topic.

AuthR: In this study a percentage of 15% of the data was selected for cross-validation. This percentage
represents the optimal value for which the models developed in this study can recognize the relationship
between the attributes of the input data and the output variable with R2 score greater than 0.75. When
selecting this percentage, providing as much quality data as possible (85%) was considered an important
factor in the learning process to increase the performance of the model, as well as to avoid data leakage
between the learning process and cross-validation.

AuthCM: Page 6, line 138: “First, a subset of data collected . . . ” was changed to ”First, a subset containing
15% of the collected data . . . .”
Page 6, line 139: added text ”This percentage represents the optimal value for which the models developed
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in this study can recognize the relationship between the attributes of the input data and the output variable
with R2 score greater than 0.75. When selecting this percentage, providing as much quality data as possible
(85%) was considered an important factor in the learning process to increase the performance of the model,
as well as to avoid data leakage between the learning process and cross-validation.”

3 Results and discussions

3.1 Tuning the mixed-effects Land-Use Regression model for Bucharest

Comment 1.

RefC: Lines 163-165. How was the traffic intensity affected on rainy days? Was there any substantial rain
fall during the measurement campaigns? One would expect an increase in traffic intensity leading to an
increase in the random effect. Can the authors elaborate on this topic? Was the model performance impacted
by higher traffic intensity on rainy days (if such conditions were present)?

AuthR: The description was added to the text, explanations on Comment 7 response.

AuthCM: none

Comment 2.

RefC: Lines 167-168. I see the 85/15% split in training/validation is presented here. How did the authors
tackle any overfitting issues that may arise from this split? Where any other splits considered and if so, what
led to this split choice? Why is this optimal for your study? Please elaborate.

AuthR: The problem of overfitting was addressed by analyzing the R2 score obtained during model training
and testing. In this analysis, the objective was to obtain a score as high as possible after the training process
by allocating a large number of consistent and quality data, as well as obtaining the smallest possible differ-
ences between the R2 score obtained during training and testing. Splitting the data set used in the learning
process into 85% for training and 15% for testing was considered optimal because in this scheme the smallest
differences between the R2 training score and the R2 testing score ( below 0.05) and a R2 score greater than
0.5 after cross-validation applied for all models developed in this study.

AuthCM: Page 6, line 168: added text ”By dividing the data set used in the learning process into 85% for
training and 15% for testing, it was followed on the one hand, to increase the performance of the models
developed in this study, and on the other hand, the aim was to reduce the overfitting effect of the models by
obtaining the smallest possible difference between the R2 score obtained during training and testing”.

3.1.1 Spatial predictor variables

Comment 1.

RefC: Comment: I am aware that the 2018 CORINE land cover data is currently the most recent iteration,
however I suspect that the metropolitan area in Bucharest may have suffered some changes in the last 6 years
since this dataset was made public. To this extent the additional map requested for section 2.1 may be useful
for representing the land cover types and the campaign routs. One would expect some inconsistencies in the
land cover data if any routs where traversing outside the residential areas.

AuthR: Modified according to the reviewer’s note, see the answer to Comment no. 6.

AuthCM: none

Comment 2.
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RefC: Line 176: “There is no recent source quantifying the traffic intensity on road segments in
Bucharest. . . ”
What does “recent” mean for the authors? To my knowledge, some municipalities and/or local police agen-
cies should have some up to date traffic data, including vehicle types and population data. Is this data not
publicly available in Bucharest?

AuthR: Unfortunately, we did not find official traffic data for Bucharest released for past period.

AuthCM: none

Comment 3.

RefC: Line 184: “. . . in Table 1. The column “direction of effect” . . . .
The specified column is labelled simply as “effect”. For clarity please choose to update either the table
column or the text at line 184.

AuthR: The recommended corrections were done.

AuthCM: Page 7, line 184: changed to ”... Effect.”

Comment 4.

RefC: Also, please update the source data column for the traffic intensity variable in table 1.

AuthR: The recommended corrections were done.

AuthCM: Table 1: The source data column for the traffic intensity variable was updated with ”geofabrik.de;
INS”

3.1.2 Predictor variable selection

Comment 1.

RefC: Line 198: “The direction of effect for all variables was kept as in Table 1”
If this is indeed the case, what is the reasoning behind the +/- effect for “Agricultural areas” and “Water
bodies”? Later we find out that water bodies were obvious sinks.

AuthR: Agriculture and water bodies are both a source and sink of greenhouse gases (GHGs) and particulate
matter (PM) due to anthropogenic as well as natural drivers (IPCC - Climate Change and Land, 2019). As
we mentioned in the text, when defining the predictor variables, we took into account both the effects of
agricultural areas and water bodies. After applying the selection criteria of the predictor variables, it resulted
that for this study the water bodies only have a sink effect.

AuthCM: none

3.2 Evaluation of the model performances

Comment 1. Part A

RefC: Lines 215-216: Please give some additional on the criteria for selecting the 15% cross-validation data
set in order to assess if there may be any data leakage present.

AuthR: This percentage represents the optimal value for cross-validation process for which the models de-
veloped in this study can recognize the relationship between the attributes of the input data and the output
variable with R2 score greater than 0.5. To avoid a possible data leakage between the learning and validation
process, the data selected for cross-validation were not used in the learning process.
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AuthCM: Page 9, line 216: added text ”The percentage of 15% kept for testing represents the optimal value
for which the models developed in this study can recognize the relationship between the attributes of the
input data and the output variable with R2 score greater than 0.5. Moreover, it cover all possible situations
regarding the spatial distribution of the predictor variables used in the model.”

Comment 1. Part B

RefC: Was the data selected from all routes and segments?

AuthR: yes, the data was selected from all routes and segments.

AuthCM: none

Comment 1. Part C

RefC: Was there any consideration given to any potential data leakage from the training to the cross-
validation data?

AuthR: yes, to avoid data leakage between training and validation, the data selected for cross-validation were
not used in the training process (see line 216: ”. . . the 15% randomly selected mobile datasets not used for
training . . . )

AuthCM: none

Comment 2

RefC: Lines 229-231: I am not sure how to interpret the RMSE values without any mean values. This is just
a personal preference but for me, a simple scatter plot would have been more helpful.

AuthR: Added scatter plots as supplement.

AuthCM: Page 10, line 231: added text ”A cross-validated scatter plots were also added in the supplement.”

Comment 3.

RefC: Figure 1 could be improved by adding an additional layer. An open street map or an RGB satellite
layer should improve the interpretation of these relative differences. I see figure 2 has one such layer so
maybe keep the same theme.

AuthR: The recommended corrections were done.

AuthCM: Figure 1 (now Figure 2) has been modified as recommended.

3.2.2 Validation against independent measurements at fixed observation sites

Comment 1.

RefC: Line 240 – 242: The authors mention that UFP data is not available in the NAQMN. Some additional
information about what type of variables are/can be measured by NAQMN may be helpful for the readers.

AuthR: Done, see changes to manuscript.

AuthCM: Page 11, line 242: added text ”More information about what type of variables are measured by
NAQMN is given in (Ilie et al, 2023)”

Comment 2.
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RefC: Please update figure 2 according to the type of variable being displayed. Both the upper panel and the
lower panel indicate NO2, however the authors mention PM 10 concentrations in the Figure description.

AuthR: The recommended corrections were done.

AuthCM: Figure 2 (now Figure 3) has been modified as recommended.

Comment 3.

RefC: Line 244: Please explain the missing data in figure 2. For example, why are NO2 concentrations
missing from B6 – cold period, or from MARS in the warm period. The same for PM10.

AuthR: No measurements were available for these periods, due to various non-scientific reasons (technical
problems with the measurement equipment, manpower problems, etc.)

AuthCM: Page 11, line 245: added text ”The missing data in Fig. 3 is due to the fact that no measure-
ments were available for these periods, due to various non-scientific reasons (technical problems with the
measurement equipment, manpower problems, etc.)”

Comment 4.

RefC: Table 2. A general comment also applicable to the remainder of the manuscript.
If both PM2.5 and PM10 were modelled, why are PM2.5 missing form the results section? How did the
model perform against the independent measurements of the NAQMN? If the data is available why not at
least update table 2 with PM2.5.

AuthR: PM2.5 measurements are available only at few fixed stations. We included the modeled ratio between
PM2.5 and PM10 to show what we expect for the fine particle fraction from the model. In the revised
manuscript Fig.5 becomes Fig.6. For this reason, in the added text in the manuscript, Fig. 6 is mentioned.

AuthCM: Page 16, line 333: added text ”Since measurements of PM2.5 were only available at a few fixed
stations, we included the modeled ratio of PM2.5 to PM10 as the result to show what we expect for the
fraction of fine particles from the model.”
Page 16, lines 333-337: changed to ”The model shows the fine particle fraction (PM2.5 / PM10) to be larger
during the cold periods, compared to warm periods, with fine particles accounting for up to 95% of the PM10
concentration (Fig. 6). This is explained by the fact that household activities generate predominantly small
particles and higher percentages are seen in the peri-urban regions (outside of Bucharest) where the house
heating are contributing more (lighter color of purple, Fig. 6 right panel) to PM2.5 concentrations. During
warm periods, fine particle fraction is approximately 50% within the city and less than 40% in the villages
close to Bucharest where the agricultural activities increase the PM10 fraction (Fig. 6 left panel). The main
rivers and lakes within Bucharest’s perimeter are clearly sinks for small particles, producing lower fine mode
fractions in both seasons.”

3.2.3 Evaluation of the model performance to resolve different types of environment

General comment:

RefC: I see the relative differences seem to be mostly negative for the traffic datasets. To this extent I believe
that the model is not suited to represent traffic congestions were multiple instances of vehicle stop/starts can
result in higher NO2/Pm concentrations. I would also point out that vehicle types and ages, if not represented
by the model, can also lead to these underestimations. Please update the discussions if this is the case.

AuthR: As we mentioned in the text (page 6 lines 176 - 182) we did not find official traffic data for Bucharest
published for the past period. For this reason, the traffic values were estimated using data provided by the
National Institute of Statistics and the geofabrik.de database. The use of estimated and not measured traffic
data could be a cause for these underestimations. Nevertheless, the relative differences are less than 10%.
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AuthCM: Page 14, line 294: added text ”which can be also influenced by the low number of available fixed
stations in each environment”

Comment 1.

RefC: Figure 3. Why are the standard deviations missing from the NO2 cold season traffic measurements?

AuthR: There was a bug in plot script. The figure was replaced with correct data.

AuthCM: Figure 3 was replaced.

3.3 Mapping atmospheric pollution in Bucharest

Comment 1.

RefC: Line 307: . . . .“Sinks related to the green areas and water bodies regions are identified in green
colours. . . ” Green as in all shade of green or as in a specific shade (e.g. dark green)?

AuthR: Dark green represents the water bodies and the forest regions. Other urban green regions are in
various shades of green.

AuthCM: Page 14, line 307: ”green colors” was changed to ”dark green colors”.

Comment 2.

RefC: There seems to be some inconsistency in the discussion at line 307 – 309 . . . “overall NO2 concen-
tration is higher during the warm period”. . . with lines 312 – 315 “At the level of the city of Bucharest, the
average value of the NO2 concentration as estimated by the model for the warm season is 16.66 ± 4.04 ppb,
while for the cold season it is 18.75 ± 1.98 ppb” (suggesting higher concentrations in the cold). Also, the
upper panel of figure 4 seems to suggest that NO2 concentrations are indeed higher in the warm period.

AuthR: Thank you for pin pointing this inconsistency, it seems that NO2 values were reversed. The correction
was made in the text.

AuthCM: Page 15, lines 312-315: ”At the level of the city of Bucharest, the average value of the NO2
concentration as estimated by the model for the warm season is 16.66 ± 4.04 ppb, while for the cold season
it is 18.75 ± 1.98 ppb” was changed to ”At the level of the city of Bucharest, the average value of the NO2
concentration as estimated by the model for the cold season is 16.66 ± 4.04 ppb, while for the warm season
it is 18.75 ± 1.98 ppb”

Comment 3.

RefC: Line 316: “anthropocentric agglomerations”? Is it not anthropogenic?

AuthR: Modified according to the reviewer’s note.

AuthCM: Page 15, line 316: “anthropocentric agglomerations” was changed to ”anthropogenic”.

Comment 4.

RefC: Line 322: The phrase ”sources are more homogeneous” is not precise - it’s not the sources that are
homogeneous, but rather the distribution or concentration of PM10.

AuthR: Thank you for pin pointing the inconstancy, the text has been modified according to the reviewer’s
note.
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AuthCM: Page 15, line 322: ” sources are homogeneous” was changed to ”sources distribution are homoge-
neous”

Comment 5.

RefC: Line 328: Please improve the clarity of the sentence, “Traffic sources are less effective. . . ” Maybe
“Traffic emissions have less impact” . . . also consider improving the “reduce under reduced” end part of the
sentence.

AuthR: The recommended corrections were done in the text.

AuthCM: Page 15, line 238: “Traffic sources are less effective during the cold season, when the chemical
processes are reduced under reduced sunlight.” was changed to ”Traffic emissions have less impact during
the cold season, as chemical processes diminish due to limited sunlight.”

Comment 6.

RefC: Please update figure 5 with a large font size as seen in figures 3 and 4.

AuthR: The recommended corrections were done.

AuthCM: Figure 5 (now Figure 6): The fonts for scales were increased to be more legible.

Conclusions

Comment 1.

RefC: Lines 349-350. Consider replacing ”correlated with” with ”coupled with” to improve the clarity of the
sentence.

AuthR: The recommended corrections were done.

AuthCM: Page 17, lines 349-350: ”The slightly higher mean squared error values correlated with smaller
. . . ” was changed to ”The slightly higher mean squared error values coupled with smaller . . . ”

Comment 2.

RefC: Also, the sentence in lines 352-353 could benefit from minor grammatical improvements.

AuthR: Done, see changes below.

AuthCM: Page 17, lines 352-353: ”Even if the route selected for the two mobile measurement campaigns
included all urban structures, the limitation of car access remains a source of error, which can lead to an
underestimation of the concentration of pollutants.”

Comment 3.

RefC: Expanding on the ideas presented in sentences 355-356 would strengthen the article’s overall argu-
ment. Consider adding a paragraph in the results section to further explore this topic.

AuthR: Modified according to the reviewer’s note.

AuthCM: Page 14, line 196: added text ”It should also be taken into account that, in the absence of spatio-
temporal emission inventories with a high spatial resolution and traffic data, modeled data were used.”

Comment 4.
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RefC: The sentence at line 359 can also benefit from minor grammatical improvements.

AuthR: : Done, see changes below.

AuthCM: Page 17, line 359: ”Fine particles dominate during the cold season, although they remain at high
levels during the warm season as well.”

Comment 5.

RefC: Line 365 – 367. Consider splitting the paragraph into 2 sentences to improve the clarity of the overall
message.

AuthR: Modified according to the reviewer’s note, see changes below.

AuthCM: Page 18, lines 365-367: ”The approach presented in this paper can be adjusted for high-resolution
mapping of NO2, PMs and UFP in other cities as well. This is feasible as long as the urban structures
are well-characterized and there is a fairly dense and diverse network of in situ monitoring stations, whose
observational data can be used for model calibration and validation.”

Final comment

RefC: I see the authors have identified the advantages of this approach with regards to adding policymakers
in local administrations. To this extent I believe the study could benefit from one additional conclusion.
Based on this novel information, how should the local municipality address the current distribution of air
quality monitoring stations? Would the city benefit from additional AQ stations and/or any specific spatial
configuration? Based on the model output, have the authors identified any inconsistencies with respect to
the current land use configuration in Bucharest? And if so, how can the local administration address these
possible issues?

AuthR: The objective of the paper is to set up the LUR model to ingest mobile measurements and to provide
pollutants maps for the city of Bucharest. The focus of the paper is not the AQ stations locations or distri-
bution, nor the land use configuration. Nevertheless the authors can provide several hypothesis, added in the
Conclusion section.

AuthCM: Page 18, line 364: added text ”Based on these findings, a more extended certified AQ station
networks would be beneficial for human health related pollutants monitoring, as well as inclusion of fine
particles measurements among these.”
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