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Dear Editor,
We thank you and the referees for their reports. We propose in the following answers along with the

appropriate corrections of the manuscript.

1 Report 1

1.1 General Description

The authors use surface and aircraft observations, radiosondes, satellite observations, and a model to determine
the diurnal cycles of NOx and CO at a short-term monitoring site in southern West Africa and assess the
contribution of individual sources and synoptic-scale meteorology to this diurnal variability. The figures are
clearly presented and the model tracer simulation experiment is informative of the varying contribution of
pollution from cities and other sources to pollution at the monitoring site. The content is appropriate for ACP,
but there is limited context for the relevance of the results for other time periods and locations in southern
West Africa and the implications of findings for future air quality due to increasing urbanisation and changes
in biomass burning (Andela et al., 2014). It is for this reason that I’m hesitant to accept as is and highly
recommend that the authors strengthen the relevance of the paper by addressing its limited scope.

We acknowledge the reviewer for her/his constructive comments. About the relevance of the paper for other
location or other time period, we added sentences to precise this important point. The following sentence
was added at the end of the introduction, p.3 l.23: ’This study is focused on one specific period and location.
However, the conclusions are representative of a longer time period as meteorological conditions at the coast
during the so-called monsoon post-onset period where found to be quite stable for several weeks (Knippertz et al.,
2017). Spatially, the results are representative of the studied region only, the main goal being to estimate the
influence of the emissions from four coastal cities on the atmospheric composition in the lower troposphere
further inland, in the location of Savè.’

1.2 General Comments

• How does the paper fit within the context of other findings from analysing observations and model output
during DACCIWA, and also enhance understanding of the region since the AMMA campaign?

The main goals of the two projects are rather different. In the introduction, we have added the sentence:
’AMMA was focused on the Sahelian region combining a multi-scale approach to better characterize the
interactions between atmosphere, land and ocean during the monsoon (Janicot et al., 2008; Redelsperger
et al., 2006), whereas the DACCIWA project is dedicated to the interactions between aerosols, clouds and
radiation along the highly urbanized coastline of the Gulf of Guinea (Knippertz et al., 2017).’.
In this context, this paper aims at focusing on the transport of pollutants from megacities to a remote
inland site. We have shown that there is a specific time of the day (16:00 to 03:00 UTC) for the transport
of pollutants from the coast to the north, which is in agreement with observations and other modeling
study by Adler et al. (2017) and Deetz et al. (2018).

• There are many typos that can be eliminated with a careful reread (extents on P2, L5; 21th on P2, L9;
acquiered on P4, L18 etc.).

The new manuscript has been carefully checked and corrected.

• Please fix incorrect order of in-text citations when there is more than one article in the same year by the
same first author (P2, L14; P2, L27 etc.).

The citations are automatically managed by Latex/bibtex package of the Journal. It has been fixed in
the new version and it will have to be control at the proof stage.



• Why does the study focus on Savè, beyond logistics? Is there rapid population increase? Is it an ideal
location to understand synoptic scale meteorological patterns in southern West Africa? This could be
better justified.

The study focuses on Savè for two reasons: this is one of the three super-site of the DACCIWA project,
and it is the most suited of the three sites to analyze the pollution transport from coast to inland areas
because of the low local emissions. As a super-site, a lot of original measurements have been made of
air quality issues often affecting smaller inland cities during the campaign. This site is representative of
inland air quality, often under the plume of megacities.
This was reworded in the Introduction: the sentence: ’The super-site of Savè serves as a representative
location of inland air quality.’ has been modified to: ’The super-site of Savè is a representative location
to assess the impact of pollution transport from the coast on the air quality of remote inland cities
characterized by low local emissions.’
In Section 2.2 (part Ground based station) a paragraph has been added: ’Three super-sites have been
implemented in the framework of the DACCIWA project in Kumasi (Ghana), Ile-Ife (Nigeria) and Savè.
Unlike the two others, Savè is representative of transport-related air quality issues affecting small cities,
characterized by low local emissions, downstream of large coastal cities. It is ideal in that the terrain is
very flat with no orographically induced circulation impacting the monsoonal flow. Thus to study NOx
and CO from coastal urbanized areas, this rural environment is well suited.’
Moreover, in the Conclusions, a sentence has been added: ’We analyzed pollution transport from the
main urban emission centres of the Guinea Coast (Abidjan, Accra, Lomé, Cotonou and Lagos) at the
super-site of Savè in order to assess the impact on the air quality of remote inland cities characterized
by low local emissions.’

• Only 7 days of observations are considered. Can we draw conclusions about an extended time period
based on this brief analysis period? And if so, what time period? The full year? The entire monsoon
period? The onset period only?

Of course, knowing the meteorology in this region, the study is not representative of the whole year.
These 7 days are representative of a longer period, mostly the onset period defined from 22 June to 20
July by Knippertz et al. (2017). The monsoon flow was not very variable during this period, at least
not in direction, as it has been shown by Kalthoff et al. (2018). Moreover, there is a case of long-range
transport of biomass burning aerosol from Central Africa during these seven days (Flamant et al., 2018b).
This was better precised in the introduction with the addition of the sentence: ’These seven days are
representative the onset period defined from 22 June to 20 July by Knippertz et al. (2017) because of the
quite stable wind conditions(Kalthoff et al., 2018). ’

• Absent from the study are measurements and/or a discussion of non-methane volatile organic compounds
(NMVOCs) and aerosol mass concentrations and composition. Emissions of these are high from local
sources and from distant biomass burning (Liousse et al., 2014; Marais et al., 2016; Janicot et al., 2008;
Reeves et al., 2010). Can the same conclusions about sources and diurnal variability be drawn about
these? Were these measurements made during DACCIWA on the aircrafts flown? If so, do these offer
any utility in understanding these pollutants or confirming similar diurnal behavior? If not, are there
other studies that could be referenced to assess the sources of these pollutants and the implications for
air quality?

The goal of the paper is not to extensively study all chemical compounds. We have selected NOx and
CO for the sake of clarity. These two species are enough for the topic of the paper: NOx is representative
of anthropogenic emissions, whereas CO is representative of both anthropogenic and fires emissions. Of
course, the addition of VOC and aerosol compositions could be very interesting, but it could blur our
message, more focused on meteorology and transport. The chemical concentrations presented in this
paper are used to demonstrate that there is a clear pollution transport diurnal cycle associated with each
of the four coastal cities on the remote site of Savè.

• Change MODIS-AOD to MODIS AOD throughout.

This has been changed.

• The figures are presented out of sequence in the text (e.g. Figures 11 and 12 are mentioned before Figure
3). Please reorder the figures so that these are introduced sequentially.



This is corrected in the new version. It is a problem coming from the compatibility between different
Latex’s packages.

• Include a link to the MODIS AOD product used in this work (preferably doi, otherwise URL).

DOIs have been included in the new version.

• Shorten the conclusion to the main findings of the paper, rather than providing a detailed overview of
the methods, results, and outcomes.

The conclusion was rewritten to focus on the main results only.

1.3 Specific Comments

• P3, L12: Consider instead referencing a relevant publication from AMMA or from analysis of MOZAIC
vertical profiles that finds influence of Central African biomass burning on atmospheric composition in
southern West Africa.

The citation of an article in preparation has been changed to Reeves et al. (2010).

• Table 1: The table title says 2015 population but from a 2011 Revision. Are these projected estimates?
Why not use a recent revision? No reference is provided for the 2011 Revision, so it’s not possible to
assess what the 2015 population is when it was revised in 2011.

The reference and the url have been included in the new version as a citation (United Nations report,
2011).

• Section 2.2: Are the dashed indented lines headers? These are unnecessary. Instead integrate these in
the relevant paragraph and make clear in the first sentence what the paragraph is about.

We have followed the reviewer’ suggestion.

• P5, L9: How frequently are the radiosondes launched during the time period considered in this study?

In Savè, radiosondes were launched every 1.5 to 3 hours. It has been added in the new version.

• P5, L12-17: How are biomass burning layers identified with a total column AOD measurement?

The reviewer is right, this is not possible to characterize aerosol vertical layers with a AOD product.
The sentence ’We analyze the spatial extent of BB layers from satellite observations’ has been changed
to ’We analyze the horizontal spatial extent of the main aerosol plumes from satellite observations’.

• P5, L20: How accurate is CALIOP at distinguishing aerosol types?

As in the case of this study, when remotely sensed aerosols have very different optical properties (dust,
biomass burning, sea salt), the CALIOP aerosol classification is robust. This is more thoroughly discussed
in the following publication (also made in our team): Menut, L., Flamant, C., Turquety, S., Deroubaix,
A., Chazette, P., and Meynadier, R.: Impact of biomass burning on pollutant surface concentrations in
megacities of the Gulf of Guinea , Atmos. Chem. Phys., 18, 2687-2707, https://doi.org/10.5194/acp-18-
2687-2018, 2018. This reference and an explanation was added in the Section 2.2: ’In order to identify
the altitude of aerosols together with their speciation, we use the space-borne Cloud-Aerosol Lidar with
Orthogonal Polarization (CALIOP) aerosol types classification (Winker et al., 2009). This classification
is suited and accurate to distinguish homogenous aerosol plumes with different optical properties such as
sea salt, dust and BB (e.g. Menut et al., 2018).’.

• P5, L28-29: Knippertz et al. (2017) isn’t the seminal paper on defining the monsoon onset period. Do
the authors mean to say that the monsoon onset period specific to DACCIWA (2016) is 22 June to 20
July?

This article deals only with the 2016 WAM. Our studied period is the post-onset period for the WAM
2016. This is now specified in Section 2.3: ’The studied period (1 to 7 July) is entirely included in the
2016 WAM post-onset phase, which has been defined from 22 June to 20 July 2016 by Knippertz et al.
(2017).’.



• P6, L23-30: Elaborate on the pseudo-anthropogenic emissions that are imposed. Are these based on an
existing inventory? How much is emitted per one million inhabitants? Does the imposed magnitude of
emissions matter?

The expression ’pseudo-anthropogenic emissions’ is misleading. We want to scale the tracer emissions to
the size of the agglomeration (Section 2.1), as it has been done by Flamant et al. (2018a). This paragraph
has been reworded: ’In this study, the model is used in its tracer version and there is no atmospheric
chemistry. We choose to release passive numerical gaseous tracers in the simulation because we want to
analyze only their transport (no chemistry, no deposition) induced by the monsoonal flow. Since we want
to distinguish the relative contribution of several coastal cities to the pollution further inland, we designed
a first experiment for which we impose the tracer emissions at specific urbanized locations: Abidjan (Ivory
Coast), Accra (Ghana), Lomé (Togo), Cotonou (Benin), Lagos (Nigeria) (cf. Table 1 for coordinates).
Specific tracers are emitted for a given city in order to distinguish their relative contributions at inland
places. Thus the tracer emissions occur in a single grid cell corresponding to the center of each city.’

• P7, L9-11: Was there any rain during 1-7 July that would cause aerosols to wet deposit and so affect
interpretation of output from a model that does not include sinks?

The period is not associated with widespread rain. At Savè, there were only some small precipitation
events (Kalthoff et al., 2018). We focus our analysis on gaseous species but we suppose similar transport
patterns for aerosol and gaseous pollutants because of the constant monsoon flow blowing over SWA
during our studied period.

• P7, L26-28: This transport pattern has already been observed during AMMA and before that using
MOZAIC aircraft campaign observations. Consider including these studies too to reinforce that this
work builds on previous research and campaigns.

We have included two articles from the AMMA campaign results. These sentences have been modified:
’The origin of the high AOD over the Gulf of Guinea is well known. This is the BB layer coming
from Central Africa, where intense vegetation fires occur during this season (Giglio et al., 2006) with
increasing trends over the period 2001-2012 (Andela and Van Der Werf, 2014). A part of this pollution
is transported over the Gulf of Guinea and the BB plume reaches the Guinea Coast as seen during the
AMMA campaign (Sauvage et al., 2005; Reeves et al., 2010). The BB pollutant concentrations observed
along the Guinean coast depend on the synoptic wind patterns (Menut et al., 2018). ’

• Figure 3: How representative is the site of the coincident 2 km x 2 km model gridsquare?

In the legend of Figure 3, we have added the sentence: ’WRF-derived variables are interpolated along the
radiosonde positions’.

• Section 3.2: ’From research aircraft’ and ’From radiosondes’ are not complete headers. Consider revising.

The titles have been revised as follows: Section 3.2 ’Vertical layers of the lowermost troposphere’ ; and
Subsections 3.2.1 ’Identification from radiosondes’ as well as 3.2.2 ’Identification from research aircraft’.

• P11, L1: Why define this ”feature G”. It’s not used again and doesn’t seem to appear in any of the
figures.

This was unclear and unnecessary. ’Feature G’ refers to a feature described in Knippertz et al. (2017).
The parenthesis ’(described as feature G in this study)’ has been removed.

• P12, L30-35: Does interference in the NO2 measurement from dissociation of NOx reservoir compounds
(Reed et al., 2016) impact the interpretation of NO2 and NO2/NO diurnal variability?

The interference described in Reed et al. (2016) is significant for low NOx concentration (about 10 ppt).
Given the relatively high concentrations of NOx (greater than 0.2 ppb) over our domain, we can assume
a low effect of this process on our results.

• P13, L27-29: This result isn’t surprising, as the monsoon flow is prevailing southwesterly and so transport
from Lagos isn’t expected. It would be more noteworthy if this did occur.

We agree with the reviewer. The sentence ’ It is worthy of note that Lagos tracers do not reach Savè,
although emissions from Lagos are greater than from the other cities.’ has been replaced by ’Lagos tracers



do not reach Savè although emissions from Lagos are greater than from the other cities because of the
southwesterly monsoon flow.’.

• P14, L1: What is the implication on future air quality that the Cotonou plume affects Savé?

The anthropogenic emissions of the agglomeration of Cotonou are supposed to rise because the population
is quickly growing. Beyond this point, our results have shown that there is a specific time of the day (16:00
to 02:00 UTC) for the transport of pollutants from the coast toward the north. There are implications
for inland air quality over SWA, human health as well as radiative transfer and low level cloud diurnal
aspects.
We have added a sentence in the Conclusions: ’There is a specific time of the day (16:00 to 02:00 UTC)
for the transport of pollutants from the coast toward the north, which affects inland air quality over SWA,
human health as well as radiative transfer and low-level cloud diurnal aspects.’

• Videos: Consider adding annotations or narration to the videos to guide the viewer. Also consider adding
time stamps in the text to point the reader to these specific features in the videos.

We have followed the reviewer suggestion by adding time stamps in the text of Section 4.3: ’From the
wind patterns, we note that the coastal front is present from 09:00 to 15:00 UTC from the coast up to
≈ 7oN. It leads to the accumulation of URB pollutants. This period is referred as ’Daytime drying’ by
Deetz et al. (2018). From 16:00 to 02:00 UTC (respectively from 03:00 to 08:00 UTC), the meridional
wind increases (resp. decreases) in the PBL and URB pollutant are mostly transported northward below
the PBL top height. This period is referred as ’Atlantic inflow’ (resp. ’Moist morning’) by Deetz et al.
(2018).
During the ’Daytime drying’ period, we notice that URB and BB tracers accumulate along the coastline in
the PBL (on 5 and 6 July from 11:00 to 15:00 UTC). When dry convection stops (at 16:00 UTC), wind
speed quickly increases with a stronger northward component. BB and URB tracers are simultaneously
transported northward from the coast. From 16:00 to 02:00 UTC, the front is moving towards the north,
and the mixture of both BB and URB tracers is advected accordingly. A similar diurnal evolution of BB
and URB transport is simulated on both 5 and 6 July. ’

1.4 References

- Andela et al., doi:10.1038/nclimate2313, 2014.
- Janicot et al., doi:10.5194/angeo-26-2569-2008, 2008.
- Knippertz et al., doi:10.5194/acp-17-10893-2017, 2017.
- Liousse et al., doi:10.1088/1748-9326/9/3/035003, 2014.
- Marais et al., doi:10.1021/acs.est.6b02602, 2016.
- Reed et al., doi:10.5194/acp-16-4707-2016, 2016.
- Reeves et al., doi:10.5194/acp-10-7575-2010, 2010.

All these references are now included; except Reed et al. (2016).

2 Report 2

2.1 General Description

The authors used ground-based and aircraft measurements of meteorological and chemical (CO, NO, NO2)
variables collected during DACCIWA campaign to understand the transport pathway of biomass burning and
coastal urban emissions in SWA. To further investigate this, they designed and used two experiments using
WRF-CHIMERE (in tracer mode). First, they thoroughly studied the model performance and its limitations
in capturing the transport. Next, they used the tracer experiments to assess the contribution of urban and
biomass burning pollutions in the region. The manuscript is well written, and I recommend it for ACP after
fixing the typos and addressing some issues listed below.

We thank the reviewer for her/his positive comments.



2.2 General Comments

• There are mistakes in the order of references and format of the references in the introduction. Please
double check the references.

It has been entirely revised.

• UTC and local time description (morning/evening) were used interchangeably. Please provide information
on the time zone and sunset/sunrise time.

This information have been added in Section 2.2: ’Our studied domain is located in the Greenwich Mean
Time (GMT), which is equivalent to UTC + 0 hour, during the boreal summer. Hence local time is the
same as UTC. During the aircraft campaign period, sunrise occurred at 06:00 UTC and sunset at 18:00
UTC.’

• The section on population can be shortened as some parts in introduction and 2.1 overlaps.

The section 2.1 has been reworded following the other reviewer comment.

• How does the result compare with the AMMA campaign?

During AMMA aircraft campaign, most aircraft operations took place over the Sahel, whereas the DAC-
CIWA aircraft campaign has been focused on the Guinea Coast. Moreover, the goal of the AMMA
project was to better characterize the interactions between atmosphere, land and ocean during the mon-
soon (Janicot et al., 2008; Redelsperger et al., 2006), whereas the DACCIWA project has been dedicated
to the interactions between aerosols, clouds and radiation along the highly urbanized coastline of the
Guinea Coast (Knippertz et al., 2017).
In the introduction, we have added the sentence: ’AMMA was focused on the Sahelian region combining
a multi-scale approach to better characterize the interactions between atmosphere, land and ocean during
the monsoon (Janicot et al., 2008; Redelsperger et al., 2006), whereas the DACCIWA project is dedicated
to the interactions between aerosols, clouds and radiation along the highly urbanized coastline of the Gulf
of Guinea (Knippertz et al., 2017)’..

• The order of the figures is not correct. Please use supplement material if necessary.

Supplement material has been added and the order of the figure has been corrected in the new version.

• In section 3.2.2. the discussion on model performance in capturing wind and RH is difficult to follow.
Please either discuss layer-by-layer (starting from the lowest layer) or variable by variable.

We have followed the reviewer’s suggestion and this section has been reworded:
’From the surface to 1 km amsl, the modeled wind speed and direction match well with the observations
(absolute bias lower than 0.2 m.s−1 and 4o, respectively). The observed distribution of the monsoon wind
is captured by the model up to 1 km amsl (inter-quartile range 3.80 – 6.47 m.s−1 for the observations and
3.98 – 6.80 m.s−1 in the simulation). The modeled distribution of RH shows a dry bias in the monsoonal
flow (absolute bias of -6 %).
In the directional shear layer, from 1 to 2 km amsl, observed and modeled wind speed distributions are
narrower than in the monsoon layer (inter-quartile ranges being 2.10 – 4.04 m.s−1 and 1.88 – 3.94 m.s−1

respectively), showing that this layer is well defined over the domain. The modeled wind direction is in
good agreement with observations (relative bias lower than 1 %), although it is associated with a wider
distribution (observed inter-quartile range 191.17 − 285.29 o and modeled 214.17 – 237.67o) than in the
first kilometer (observed inter-quartile range 220.08 – 244.41o and modeled 207.29 – 272.28o).
In the AEJ layer, from 2 to 4 km amsl, the observed distribution of wind speed is wider than at lower
altitudes, which is in good agreement with the modeled distribution. Observed and modeled RH and wind
direction distributions are also consistent.
In conclusion, during daytime, the monsoon layer is reproduced with a dry bias and with a low (relative)
bias of wind speed (+4 %) and direction (-2 %), which is of prime importance to accurately model the
URB transport. ’

• In section 3.2.2. How does the result compare with radiosondes results?

We use the vertical layers identified with radiosonde observations to analyze the aircraft observations
in these layers. Aircraft and radiosondes provide complementary information on horizontal and vertical
variability respectively. It is thus difficult to compare these observations.



• Estimating PBL height from radiosonde measurements (separating day and night measurements) and
comparing with model PBL height can be beneficial for the discussion in section 3.3

• I suggest adding more details on the PBL height and its influence on the concentration of different
constituent, especially during nighttime.

We took on the reviewer’s comments and started looking into this. However, determining the PBL height
from the radiosounding at the coast proved to be extremely difficult because of the presence of multiple
low-level cloud layers as well as the relatively weak associated temperature inversions. The results were
not satisfactory, and hence we did not pursue in that direction. Furthermore, Section 3.3 focuses on
daytime observations acquired by the aircraft. For the horizontal pollution transport, which is the main
concern of the article, our goal is to capture the wind speed and direction. With the numerical tracers, we
use an arbitrary unit and no chemistry, thus the dilution volume is not the main driver of the variability.

2.3 Specific Comments

• P3-L1-5: I suggest adding more references on the source attribution to provide a bigger picture. What is
the contribution of these sectors in other regions or bigger domains? For example, compare with Sobhani
et al., 2018; Yang et al., 2017; Kulkarni et al., 2015

These references have been added (Kulkarni et al., 2015; Yang et al., 2017; Sobhani et al., 2018) in
the introduction as follows: ’In order to know source region contributions to background concentrations,
additional studies are needed focusing on Africa as it has been done for other regions (e.g. Kulkarni et al.,
2015; Yang et al., 2017; Sobhani et al., 2018).’

• P3-L2: What year? 2006?

Yes, this study has been done using datasets acquired during the AMMA campaign in 2006. This
sentence has been reworded: ’Using WRF-CHIMERE numerical simulations of the WAM during the
African Monsoon Multidisciplinary Analyses (AMMA) campaign period from May to July 2006, Deroubaix
et al. (2018) quantified the relative contribution of anthropogenic and biomass burning sources to carbon
monoxide (CO) concentrations over SWA, which in July 2006 was about 25 % local anthropogenic and
50 % biomass burning from Central Africa. ’

• P3-L12: ”Haslett et al., in preparation” I don’t think this is an acceptable format and it is not mentioned
in the References section.

It has been replaced by Reeves et al. (2010).

• P3-L18: ”1-7 July” Please add 2016.

The year 2016 has been added.

• P4-L9: the Lome population stated in the text does not match Table 1.

We thank the reviewer for picking this up. It has been corrected.

• P4-L10 and the next paragraph: Information given on population of Cotonou is confusing. Is it necessary
to state 1,086,00 inhabitant and then change it in the next paragraph?

With the tracer experiment, we scale the tracer emissions to the size of the population in each city.
We have used the estimation of the department of social and economic affairs of United Nations (United
Nations report, 2011), except for Cotonou because we were surprised by the fact that Lomé was estimated
bigger than Cotonou. In Section 2.1, we justify this assumption but it was not well written. It has been
improved in the new version of the article: ’We focus on six locations, five major urban agglomeration of
the Guinean coastal region, and one small town, Savè, which is 185 km north of Cotonou (Benin). Table
1 shows the coordinates and the population of the urban agglomerations studied. For Abidjan, Accra,
Lomé and Lagos, we present estimations for the year 2015 of the department of social and economic
affairs of United Nations (United Nations report, 2011). In this report, the cities of Abidjan, Accra,
Lagos and Lomé are associated with large administrative areas but this is not the case for Cotonou.
Comparing Lomé and Cotonou, Lomé is a large administrative area in Togo while Cotonou is a city



with very high density over a small area. The population of Lomé is about 839,000 inhabitants in the
city according to General Population and Habitat Census of Togo ( DGSCN report, 2016), and is about
1,830,000 inhabitants in the administrative state (United Nations report, 2011). Cotonou city is estimated
by the World Urbanization Prospects report to have about 1,086,000 inhabitants (United Nations report,
2011).
According to General Population and Habitat Census of Benin (INSAE report, 2015), the population of
Cotonou only slightly increased by 2.09 % over the period 2002-2013 because of the limited possibility
of expansion. They note that along the shores of Lake Nokou the population has increased rapidly, thus
forming an agglomeration of 2,194,000 inhabitants, calculated as the sum of the Cotonou district and
several cities of the Atlantique district (Abomey-Calavi and So-Ava) and of the Ouémé district (Seme
Kpodji, Porto Novo, Avrankou and Akpro-Misserete). ’.

• P42-Table 2: Please provide coordinates of the ground sites.

The ground site coordinates have been provided in Table 2.

• P5-L9: What is the local time?

In this region and at this time of year, UTC is the same as local time. Following the previous reviewer’s
comment, indications on time zone have been added in Section 2.2.

• P5-section 2.3: Please add a figure of outer domain.

The introduction of section 2.3 have been modified to include this information: ’The WRF-CHIMERE
simulations presented in this study have a similar set-up to the one used by Deroubaix et al. (2018).
Both models are run offline in a nested configuration on the same grids with two domains: a regional
domain (10 km×10 km, extending from 1oS to 14oN and from 11oW to 11oE) and a high-resolution
coastal domain (2 km×2 km). The simulation over the regional domain are started on 1 June. In the
following, we present only results modeled over the high-resolution domain (Figure 1). The simulated
period over the high-resolution domain (1 to 7 July) is entirely included in the 2016 WAM post-onset
phase, which has been defined from 22 June to 20 July 2016 by Knippertz et al. (2017). ’.

• P6-L2: How many layers below 1 km?

This is an important information regarding the goal of our study. It has been added in the introduction
of section 2.3.1: ’ The domains have a constant horizontal resolution with 32 vertical levels from the
surface to 50 hPa, including about 10 vertical levels below 1 km amsl.’

• P6-L5: Please reference GFS data.

The DOI is now mentioned: ’Global meteorological fields are taken from the US Global Forecast Sys-
tem (operational final analyses) produced by the National Center for Environmental Prediction (ds083.3
dataset DOI: https://10.5065/D65Q4T4Z)’

• P6-L5: Did you use GFS data only for nudging or for meteorological initial and boundary conditions as
well? Please clarify in the text.

The GFS dataset has been used for both. It is now clearly stated.

• P6-L14: Did you use cumulus parametrization for both domains?

The reviewer is right. We use a cumulus parametrization only for the regional domain. This information
is now specified in this sentence: ’for the high-resolution domain, convective precipitation is explicitly
calculated and not parametrized’.

• P6-L27: What time do you start releasing the tracers? Have you allowed for spin up in the model before
releasing the tracers?

We use a one month spin-up over the regional domain. This information was missing and has been added
in the introduction of Section 2.3: ’The simulation over the regional domain are started on 1 June. ’.

• P6-L28: ”grid cell of each city”. One grid cell? Given the high resolution of your inner domain, did you
release tracers from one grid cell or from a region (city)? Please clarify in the text.



We release the tracer in a single grid cell for each city. This assumption leads to pollution plumes thinner
as the reality. But, given the strong urbanization of the Guinean coastal region, there are anthropogenic
emissions almost continuously from Abidjan to Lagos. As we want to distinguish the contribution of the
major agglomeration, we release the tracers from a single grid cell.
The sentence ’The tracer emissions occur in the grid cell of each city.’ has been changed as: ’Specific
tracers are emitted for a given city in order to distinguish their relative contributions at inland places.
Thus the tracer emissions occur in a single grid cell of each city corresponding to the center.’.

• P7-L1: How much tracer did you release? Please clarify how you ”reproduce the BB layer observed with
MODIS” considering that the tracers are gaseous.

The quantity of tracer is not important because we use an arbitrary unit. The expression ’reproduce the
BB layer observed with MODIS’ meant that we reproduce the spatial extent of the aerosol pattern seen
with MODIS AOD and supposed to be associated with a BB layer (Section 3.1).
The sentence ’In order to analyze the interactions between URB emissions and the BB layer, we reproduce
the BB layer releasing passive gaseous tracers from 5 July at 00:00 UTC to 6 July at 23:00 UTC with a
spatial horizontal extent from 1oW to 2oE at 4.5oN, and the altitude as suggested by satellite observations
(Figure A1) at ≈ 1.5 km amsl.’ has been reworded: ’In order to analyze the interactions between URB
emissions and the BB layer, we use the information on the spatial characteristics and vertical extent of
BB layer derived from MODIS and CALIPSO observations (Section 3.1) by releasing passive gaseous
tracers with a spatial horizontal extent from 1oW to 2oE at 4.5oN and with an the altitude of ≈ 1.5 km
amsl from 5 July at 00:00 UTC to 6 July at 23:00 UTC (cf. Table 3).’.

• P9-L16: ”Section 3.2” Do you mean Section 3.2.1?

The reviewer is right. It has been corrected.

• P9-L18: Please comment on RH in layer (ii) to be consistent.

It has been commented in the new version: ’(ii) between 1 to 2 km amsl, there is a directional shear layer
associated with high RH > 90 % and with low wind speed and changing wind direction;’.

• P9-L24: ”the first kilometer” is this the monsoon layer? Please be consistent.

In order to be consistent, we have replaced ’the first kilometer’ by ’the monsoon layer’.

• P9-L27: ”wind speed is wider than at lower altitudes”. Remove ”than”.

It has been corrected.

• P10-L18: Did you compare measured and modeled RH? This can help to better understand the model
performance in capturing PBL height and (maybe) clouds.

Observed and modeled RH are compared in Section 3.2. We decided that the comparison of observed
and modeled RH is not important for Section 3.3 because we want especially to validate the wind speed
and direction in order to accurately reproduce the pollutant transport, which is the focus of our study.

• P11-L1: What is ”feature G”?

This was unclear and unnecessary. ’Feature G’ refers to a feature described in Knippertz et al. (2017).
The parenthesis ’(described as feature G in this study)’ has been removed.

• P11-L22: NO and NO2 have a short lifetime and are not trace gases.

That is true. We have replaced ’this section investigates the trace gas concentrations’ by ’this section
investigates CO and NOx concentrations’.

• P29-Figure 5: Do thick marks indicate 00Z?

The vertical dashed lines (and the corresponding tick marks) indicate periods of 6 hours starting at 00:00
UTC (00Z). It has been specified in the caption of Figure 5: ’The vertical dashed lines indicate periods
of 6 hours starting at 00:00 UTC.’.



• P12-L14-15: Increase in evening NO2/NO can be due to lower PBL (higher NO2 concentration) and
reduction in NO by reacting with O3.

Close to the sources of incomplete combustion, there is always production of NO. We interpret the
NO2/NO ratio together with the NO concentration in order to confirm that there is no local production.
The sentence ’We note every day a sharp increase in the evening (NO2/NO > 15), which suggests
transported pollutants.’ has been modified such as: ’We note every day a sharp increase from 18:00
to 00:00 UTC (NO2/NO > 15) associated with low NO concentrations (NO < 0.2 ppb), which suggests
transported pollutants.’

• P12-L20: On July 5th concentration of both CO and NOx (more) increased in the evening thus resulted in
a decrease in CO/NOx ratio and increase in NO2/NO. Maybe a mixture of BB and URB was transported
to Save?

We have highlighted this fact in the manuscript. It shows that there is no increase of CO without NOx

increase, thus if the BB layer reach Savè, it is mixed with urban pollution.
The sentence ’At Savè, the CO/NOx ratio is not higher after the arrival of the BB layer on 5 July (cf.
Section 3.1).’ has been modified such as ’At Savè, the CO/NOx ratio is not higher after the arrival of
the BB layer on 5 July (cf. Section 3.1). There is an increase of CO together with a NOx increase, thus
when the BB layer reaches Savè, it is mixed with urban pollution or it is transported above the PBL.’

• P12-L23: no need to start a new paragraph.

OK

• P12-28-29: Could the nighttime increase in CO (and NO2 in the next paragraph) concentrations be due
to lower PBL height? Please comment in the text.

• P12-L34: Again, lower nighttime PBL height can also justify the increase in CO and NO2 concentrations.
• P13-L4: or shorter lifetime of NO2?

For these three points, we think that it would be the case if there are anthropogenic emissions at night
in the vicinity of the measurements. During the entire campaign, we did not note any increase of NO at
night. We consider that the super-site of Savè is well suited to study pollution transport from the coast
to the North because of the low anthropogenic emissions. This information is now provided with a new
paragraph in Section 2.2: ’Three super-sites have been implemented in the framework of the DACCIWA
project in Kumasi (Ghana), Ile-Ife (Nigeria) and Savè. Unlike the two others, Savè is representative of
transport-related air quality issues affecting small cities, characterized by low local emissions, downstream
of large coastal cities. It is ideal in that the terrain is very flat with no orographically induced circulation
impacting the monsoonal flow. Thus to study NOx and CO from coastal urbanized areas, this rural
environment is well suited.’
We understand the question of the reviewer as a question about the relative quantification of several
dynamical processes on surface concentrations increases. The question is: ’Observing CO and NO2
surface concentrations increases, is it due to long-range transport of urban plumes and/or local collapse of
the nocturnal boundary layer?’. The answer is that we have shown with the numerical tracer experiments
(Section 4.2) that the long-range transport is important for the surface concentration increases at Savè
in the evening and could explain entirely these increases.
In the past paragraph of Section 4.2, this sentence was added: ’The observed surface concentration
increases may be explained by several processes: a long-range transport of URB plume and/or a local
collapse of the nocturnal boundary layer, quickly concentrating locally emitted pollutants. In our case, the
dominant effect is the long-range transport, which is mainly associated to the transport of the Cotonou
plume. Moreover, during the entire campaign, we did not note any increase of NO at night (Figure A4
and A5).’.

• P12-L32: What about NO peak at 12UTC?

It was missing. It has been added in the sentence: ’The two little NO increases (from 0.2 to 0.6 ppb)
at 12:00 and 19:00 UTC are consistent with the usual time of local activities such as traffic and charcoal
cook stoves.’.

• P13-L13: please reference the figure after ”single figure”

OK



• P13-L16: ”northwestward” you mean ”southwestward”?

It has been corrected.

• P13-L21: What time did you start releasing the tracers?

The sentence ’The first tracer plume that reaches Savè typically around 19:00 UTC is from Cotonou.’
has been modified ’The tracer emissions started on 1 July at 00:00 UTC and the first tracer plume that
reaches Savè is from Cotonou in the evening. We can see that tracers emitted from Cotonou reach Savè
every day in evening, typically at around 19:00 UTC.’.
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