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Abstract

Biomass Burning (BB) aerosol has attracted considerable attention due to its
detrimental effects on climate through its radiative properties. In Africa, fire
patterns are anticorrelated with the southward-northward movement of the inter-
tropical convergence zone (ITCZ). Each year between June and September, BB
occurs in the southern hemisphere of Africa, and aerosols are carried westward by
the African Easterly Jet (AEJ) and advected at an altitude of between 2 and 4 km.
Observations made during a field campaign of Dynamics-Aerosol-Chemistry-
Cloud Interactions in West Africa (DACCIWA) (Knippertz et al., Bull Am
Meteorol Soc 96:1451–1460, 2015) during the West African Monsoon (WAM)
of June–July 2016 have revealed large quantities of BB aerosols in the Planetary
Boundary Layer (PBL) over southern West Africa (SWA).

This chapter examines the effects of the long-range transport of BB aerosols
on the climate over SWA by means of a modeling study, and proposes several
adaptation and mitigation strategies for policy makers regarding this phenome-
non. A high-resolution regional climate model, known as the Consortium for
Small-scale Modelling – Aerosols and Reactive Traces (COSMO-ART) gases,
was used to conduct two set of experiments, with and without BB emissions, to
quantify their impacts on the SWA atmosphere. Results revealed a reduction in
surface shortwave (SW) radiation of up to about 6.5 W m�2 and an 11% increase
of Cloud Droplets Number Concentration (CDNC) over the SWA domain. Also, an
increase of 12.45% in Particulate Matter (PM25) surface concentration was observed
in Abidjan (9.75 μg m�3), Accra (10.7 μg m�3), Cotonou (10.7 μg m�3), and Lagos
(8 μg m�3), while the carbon monoxide (CO) mixing ratio increased by 90 ppb in
Abidjan and Accra due to BB. Moreover, BB aerosols were found to contribute to a
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70% increase of organic carbon (OC) below 1 km in the PBL, followed by black
carbon (BC) with 24.5%. This work highlights the contribution of the long-range
transport of BB pollutants to pollution levels in SWA and their effects on the climate.
It focuses on a case study of 3 days (5–7 July 2016). However, more research on a
longer time period is necessary to inform decision making properly.

This study emphasizes the need to implement a long-term air quality moni-
toring system in SWA as a method of climate change mitigation and adaptation.

Keywords

Adaptation strategy · Biomass burning · lowland · Southern West Africa ·
Modeling
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Introduction

Biomass Burning (BB) is one of the major sources of aerosols in Africa after Saharan
dust. In the form of submicron accumulation mode BB pollutants are mainly
composed of organic carbon (OC) and black carbon (BC) aerosols and carbon
monoxide (CO), hydrocarbon, and nitrogen oxide (NOx), as gaseous pollutants.
During the previous decades, an increasing number of studies have investigated
the impacts of BB aerosols on radiation, weather, and climate. In general, the African
fire pattern is strongly associated with the southward movement of the intertropical
convergence zone (ITCZ) (N’Datchoh et al. 2015; Swap et al. 2002). BB occurs as a
result of anthropogenic activities, such as land management, livestock grazing, and
crop production (Bowman et al. 2011; Stowe et al. 2002; Mbow et al. 2000). BB is
an important source of aerosols and trace gases in the atmosphere, with an estimated
burned biomass of 3260–10,450 Tg a�1 for tropical areas (Barbosa et al. 1999). Hao
and Liu (1994) estimated that there was an amount of 2500 Tg a�1 (46% of the
tropics in total) over the tropical regions of Africa, to which the savanna contributes
up to 1600 Tg a�1 (30% of the total amount over the tropics).

BB affects the radiative energy budget of the Earth by absorbing and scattering
solar radiation and modifies the properties of clouds as they serve as cloud conden-
sation nuclei (CCN) or ice nuclei (IN). The global mean direct radiative effect of BC
and OC from BB was quantified as being 0.155 W m�2 for their overall effect, with
0.25 W m�2 for BC (absorption) and �0.005 to +0.4 W m�2 for OC (Jiang et al.
2016). BC traps a significant part of solar radiation in the atmosphere, thus reducing
the surface incoming radiation as well as low surface sensible and latent heat fluxes
(Huang et al. 2016). A modeling study by Walter et al. (2016) investigated the
impact of the Canadian forest fires that occurred in July 2010 on SW radiation and
temperature using the regional climate model, Consortium for Small-scale Model-
ling – Aerosols and Reactive Traces gases (COSMO-ART). Downwelling surface
SW radiation was found to be reduced by up to 50% below the biomass plume under
cloudless conditions due to absorption in dense smoke layers, furthermore leading to
a decrease of up to 6 K of 2-m temperature. Surface cooling, as well as a warming in
elevated layers, led to an increase in atmospheric stability, which induce a decrease
of precipitation.

Thornhill et al. (2018) analyzed 30-year simulation to assess the impact of BB on
the regional climate of South America. The simulations found a decrease in the
downwelling clear-sky and all-sky SW radiation at the surface by 13.77 W m�2 and
7.37 Wm�2, respectively. Mean surface temperature was reduced by 0.14� 0.24 �C
and a mean precipitation decrease of 14.5% was found in the peak region of BB. The
authors found that, if BB increases during a particular dry season, the resulting
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decrease in precipitation may in fact exacerbate drought. Pani et al. (2016) estimated
the direct aerosol radiative effects of BB aerosols over northern Indochina from
observed ground measurements of the optical properties of such aerosols. They
found that the overall mean aerosol radiative forcing was �8 W m�2 and
�31.4 W m�2 at TOA and at the surface, respectively.

Similarly, Huang et al. (2013) investigated the impact of direct radiative forcing
of BC on West African Monsoon (WAM) precipitation during the dry season, and
concluded that there was a reduction in precipitation in the WAM region due to the
radiative effect of BC. They demonstrated that aerosols from the southern African
hemisphere significantly reduced convective precipitation, particularly during the
boreal cold season, when BB smoke was prevalent. They also highlighted that BB
can affect local weather and climate over West Africa. These results suggest that
reductions in cloud amount, cloud top height, and surface precipitation are due to a
high BC aerosols load in the atmosphere.

During the airborne measurement campaigns of the Stratospheric Ozone Exper-
iment (STRATOZ) of March 1985 and the Tropospheric Ozone Experiment
(TROPOZ) of December 1987, Marenco et al. (1990) discovered that large CO
concentrations are present over the mid-Atlantic Ocean as well over West Africa,
which is evidence of the lofting of BB from Central and Southern Africa. The
plumes arising from agricultural burning fumes mix in a 3–4 km deep boundary
layer over Africa as a result of convergence, before overriding moister and cooler air
and being advected westward over the Atlantic Ocean (Chatfield et al. 1998). In
another study, it was shown that BB plumes from Central and Southern Africa are
transported each year during the WAM season and carried westward by a jet located
at 700 hPa between 2 and 4 km altitude (Barbosa et al. 1999; Mari et al. 2008). In
addition, Real et al. (2010) found ozone plumes in the mid- and upper troposphere
over the Gulf of Guinea as a result of the long-range transport of BB from Central
Africa. Using backward trajectories, Mari et al. (2008) demonstrated that the intru-
sion of BB into the upper troposphere of the Gulf of Guinea and the northern
hemisphere was controlled by the active and break phases of the southern hemi-
sphere’s African Easterly Jet (AEJ) during the summer monsoon (July–
August 2006).

The number and size distributions of BB aerosols in southern West Africa (SWA)
are dominated by the accumulation mode (Haslett et al. 2019). Likewise, according
to a modeling study by Menut et al. (2018), BB from Central and Southern Africa
has increased the level of air pollution in urban cities, such as Lagos and Abidjan
(approximately 150 μg m�3 for CO, 10–20 μg m�3 for O3, and 5 μg m�3 for PM2.5).
The contribution of BB in PM2.5 concentrations from Central Africa increased from
~10% in May to ~52% in July (Deroubaix et al. 2018). Haslett et al. (2019) found a
significant aerosol mass concentration in the SWA boundary layer, both over the
ocean and over the continental background, with similar chemical properties. They
suggested that the upstream (Gulf of Guinea) aerosols originated from Central
African BB, and demonstrated that these aerosols affected cloud optical properties
but were less sensitive to precipitation.

Biomass Burning Effects on the Climate over Southern West Africa During. . . 5



Although there have been studies, like the above, on the distribution and impact
of BB in various regions the impact of BB aerosols from Central and Southern Africa
on the meteorology and climate over SWA specifically has not yet been fully
investigated.

Research during these past decades has shown that BB aerosols injected into the
atmosphere have adverse effects on radiation and climate. Remote pollution from the
long-range transport of BB appears to affect the levels of atmospheric aerosol
pollution over SWA during the summer monsoon. It originates from Central and
Southern Africa as a result of agricultural activities, land management, livestock
grazing, and crop production. It is carried westward by the African Easterly Jet
(AEJ) toward the tropical Atlantic Ocean, the Gulf of Guinea, and SWA, aloft at the
mid-level troposphere (2–4 km). Recently, an intensive field campaign within the
framework of Dynamics-Aerosol-Chemistry-Cloud Interactions in West Africa
(DACCIWA) in SWA, observed large amounts of the BB as background concentra-
tion in the Planetary Boundary Layer (PBL), dominated by OC (Haslett et al. 2019).

In this chapter, then, the changes in atmospheric variables (precipitation, clouds, solar
radiation) due to BB aerosols are examined. During a case study of 3 days (5–7 July
2016), two sets of simulations are performed: with and without BB. The differences
make it possible to quantify the impacts of BB on the state of the atmosphere. The
following research questions are addressed in this work:

• What is the relative contribution of BB aerosols to the atmospheric composition
of the SWA region?

• What is the effect of BB on the climate of SWA?
• What are the practical behaviors and actions to be taken in order to reduce the

level of pollution over SWA?

Description of the Study Area and Methodology

This section describes the study area, where the data was obtained (section “Study
Area”), and the methodology used (section “Methods”) to obtain the results.

Study Area

The study domains comprise an outer domain, that is, D1: West Africa, and a nested
domain, that is, D2: southern West Africa (SWA), spreading from 3�N to 10�N and
9�W to 4�E (Fig. 1). The latitudinal extent of D1 (18�W–26.6�E; 20�S–24.6�N)
covers the Sahel region, as well as the eastern Atlantic Ocean and Central Africa.
The wide spatial coverage of D1 allows us to account for the long-range transport of
aerosols, such as dust aerosol from the Sahel and the Sahara Desert and BB from
Central Africa. The nested domain D2 (9�W–4�E; 3�–10.8�N), located in SWA, is
characterized by tropical forest in the South and grassland and savanna in the North.
The climate is that of typical tropics zones governed by the North-South shift of the
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Intertropical Convergence Zone (ITCZ) or the Intertropical discontinuity (ITD) (over
the land), which determines the rainy/dry seasons. During the period under investi-
gation (July 2016), the WAM was prevalent in the study domain. The WAM is
generated by the temperature gradient between the Atlantic Ocean, which is cool
(monsoon), and the north (the Sahara Desert), which is warm.

Methods

This section describes the model setup (section “Model Setup”) and the biomass
burning experiment (section “Biomass Burning Experiment”).

Model Setup
Simulations were performed with the regional scale model COSMO-ART (Vogel
et al. 2009) at a spatial resolution of 5 km for D1 and nested to 2.5 km for D2 with
50 and 80 levels up to 30 km altitude above ground level (AGL), respectively.
Simulations were run for 9 days over D1 (29 June–7 July 2016), and 3 days (5–7 July
2016) were analyzed over D2 as a case study for detailed investigation. COSMO-
ART allows for the treatment of the aerosol dynamics, atmospheric chemistry,
feedback with radiation, and cloud microphysics (Athanasopoulou et al. 2013;
Bangert et al. 2012; Knote et al. 2010; Vogel et al. 2009). A gas flaring emission
parameterization of the area of interest in SWA has been developed by Deetz and
Vogel (2017), using a combination of remote sensing observations and physically
based combustion equations to better reproduce the atmospheric chemistry of the

Fig. 1 Model domains D1
(outer domain) and D2 (nested
domain) hacked in red. The
horizontal resolution in case
of D1 is 5 km and in case of
D2 is 2.5 km

Biomass Burning Effects on the Climate over Southern West Africa During. . . 7



area of interest. The implementation of a 1 D-plume rise model of BB aerosols and
gases into COSMO-ART was realized by Walter et al. (2016), which calculates
online the injection height (top and bottom limit) of the BB plume. For this study,
several emission datasets from different sources have been used. The BB emissions
data were obtained from the Global Fire Assimilation System (GFAS) version 1.2
(Kaiser et al. 2012). It is a satellite retrieved dataset of daily fire radiative power
(FRP) measurements from the Moderate Resolution Imaging Spectroradiometer
(MODIS) Terra and Aqua. Anthropogenic emissions were provided by the Emission
Database for Global Atmospheric Research Hemispheric Transport of Air Pollution
version 2 (EDGAR HTAP_v2) dataset (Edgar 2010) for 2010 with a 0.1� grid mesh
size. In addition, the new gas flaring emission from Deetz and Vogel (2017) was used
for this study. Biogenic emissions, sea salt, and mineral dust are calculated online
within the model, and mean dimethyl sulfide (DMS) monthly fluxes are prescribed
after Lana et al. (2011). The initial and boundary conditions for the meteorology
were provided from the global Icosahedral Nonhydrostatic (ICON) model of the
German Weather Service (Zängl et al. 2015). The boundary data for gaseous and
particulate compounds were derived from the Model for Ozone and Related Chem-
ical Tracers (MOZART) (Emmons et al. 2010). The simulation setup used was
similar to the one described in Deetz et al. (2018).

Biomass Burning Experiment
In order to assess the effects of BB over SWA, we carried out two sets of simulations:
one with BB emissions (hereafter called Fire) and another one ignoring BB emis-
sions (hereafter called No Fire) for the period under investigation. The experiment
with BB includes real-time MODIS observations of fire emissions. Figure 2 presents
surface CO emissions for the two case scenarios under investigation.

Fig. 2 Biomass burning July fire emissions for the No fire (a, 2016) and Fire (b, 2016) at the
surface
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Due to its long lifetime and its reactivity, CO is used as a surrogate for BB
detection. Moderate CO emissions are observed in SWAmostly over the city plumes
(Abidjan, Accra, Cotonou, and Lagos) due to local anthropogenic emissions. Mod-
erate CO emissions are also observed in the Niger Delta (in southwestern Nigeria),
probably as a result of gas flaring activities, as well as in northern Nigeria. The peak
of the CO emission is observed in Central and Southern Africa, where the BB is
taking place.

Results and Discussion

This section presents the results obtained with regard to BB, by focusing on the
impact on meteorology of the study area (section “Impact on Meteorology”), the
impact on the atmospheric composition (section “Impact on the Atmospheric Com-
position”), and the adaptation and mitigation strategies proposed (section “Adapta-
tion and Mitigation Strategies”) as being helpful in reducing the impact of BB in the
SWA region.

Impact on Meteorology

Our period of investigation is July 2016, which was characterized as the post-onset
rainy season in SWA (Knippertz et al. 2017), thus favoring an undisturbed monsoon
condition. During this period, long-range transport of BB is advected across the
Eastern Atlantic Ocean and the Gulf of Guinea by a jet at around 700 hPa. In order to
obtain quantitative results, a domain average over D2 (9�W–4�E; 3�–10.8�N), and
the difference and relative change between the Fire and No Fire cases were analyzed.
The effects of BB on the meteorological field in general (precipitation, temperature,
and cloud droplets number) and on surface shortwave (SW) radiation were exam-
ined. Table 1 presents the mean effects over the SWA domain according to the
variables for Fire and No Fire.

The results revealed a decrease in SW radiation at the surface and top of
atmosphere (TOA) by 6.5 W m�2 and 5 W m�2, respectively, a slight decrease in
precipitation, and an increase in the Cloud Droplets Number Concentration (CDNC)

Table 1 Mean values of meteorological fields for the Fire and No Fire scenarios, the difference
(F-NF) and the change in percentage averaged over the nested domain D2 (9�W–4�E; 3�–10.8�N)

Field Fire (F) No Fire (NF) Difference

% change
(F-NF)
*100/F)

Precipitation (mm day�1) 4.15 4.26 �0.11 � 0.008 �2.7

SW down surface (W m�2) 83.43 89.95 �6.51 � 0.0 �7.8

Cloud droplet number (CDNC)
concentration (cm�3)

94,767 85,542 10,225 � 853 10.78

TOA net downward SW (W m�2) 184.61 190.28 �5 � 0.0 �3.07

Biomass Burning Effects on the Climate over Southern West Africa During. . . 9



over SWA. The decrease of surface SW radiation was expected, as aerosols directly
reflect or scatter radiation, thus leading to a cooling effect, which in turn reduces the
atmospheric stability and, thus, the surface fluxes called semi-direct effects. This
result agrees with the findings of Thornhill et al. (2018).

The increase in the CDNC from our model results verifies the Twomey effect
(Twomey 1977), which states that an increase in the amount of aerosols leads to a
reduction in the cloud droplets size distribution that is associated with an increase in
the number concentration.

Our finding corroborates with that of Haslett et al. (2019) which demonstrated that
BB aerosols reduce droplet size and increase their number concentration over SWA but
less sensitive to precipitation. As a result, more aerosols are competing for water
uptake, leading to a reduction in precipitation (known as the Albrecht effect). This
result is in agreement with the findings of Thornhill et al. (2018) regarding the impact of
BB on precipitation. According to the latter an increase in the number of cloud droplets
and a decrease in their size would lead to a decrease in precipitation in the absence of
strong convection; however, the decrease here is less compared to their findings.

Impact on the Atmospheric Composition

In addition to investigating the impact of BB on the local climatology of SWA, this
study also examined the relative contribution of BB to the atmospheric composition
of SWA. The spatial distribution of the surface COmixing ratio (ppm) is presented in
Fig. 3, over both domains, D1 and D2.

The two upper panels (a, b) depict the contribution of BB in CO concentration; it
is marked by high values over Central and Southern Africa where BB occurred
(Fig. 3b). Low values of traces of CO concentration can be observed over the
Atlantic Ocean. The signature of anthropogenic activities is shown by moderate
CO values (0.6 ppm) over Lagos and the Niger Delta in southern Nigeria. The
simulated CO concentration over D2 in the lower two panels (c, d) clearly illustrate
the plumes above the cities (Abidjan, Accra, Cotonou, Lomé, and Lagos); they show
moderate values, expect for Lagos, which exhibits the highest CO concentration
from both experiments (No Fire and Fire). Kumasi (Ghana), a metropolitan area, also
shows a moderate CO concentration as a result of anthropogenic activities. It is
worth noting that Kumasi, a city with the third highest population in SWA (3.065
million inhabitants), is one of the most populated area in Ghana (UNO 2018). The
CO concentration in SWA cities along the coast is the result of urban pollution.
Figure 3d highlights the contribution of BB plumes to the region by showing
moderate CO concentrations (0.3 ppm) over the Gulf of Guinea. This is the result
of the intrusion of BB air masses into the atmosphere. Indeed, Mari et al. (2008) have
shown that BB aerosols are carried aloft and advected westward by a jet at roughly
700 hPa. Layers of BB across SWA, the Gulf of Guinea, and the tropical eastern
Atlantic are present during this period of the year (i.e., July 2016) (Chatfield et al.
1998; Mari et al. 2008). The presence of CO from BB in the marine boundary layer
mainly arises from subsidence of the aerosols being carried aloft, due to the high
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pressure area to the west of the African continent (Adebiyi and Zuidema 2016;
Flamant et al. 2018). A recent study by Dajuma et al. (2020, in press) demonstrated
that convective cumulus clouds located over the Gulf of Guinea play a role in the
downward mixing of aerosols located at the mid-level troposphere into the PBL. The
southerly monsoon flow in the PBL below 700 hPa carries both BB aerosols and
urban gases and aerosols northward (Deroubaix et al. 2019; Knippertz et al. 2017).

The relative contribution of BB to the PM25 over urban cities was also examined
in our study. Time series of surface concentrations of PM25 examined for the period
simulated over four SWA cities. The results, as illustrated in Fig. 4, are presented for
Abidjan, Accra, Cotonou, and Lagos, for simulations with No Fire, Fire, and the
difference between the two scenarios (Fire – No Fire).

The diurnal cycle shows a peak of PM25 concentration in the early morning
around 6 UTC, which begins to decrease after sunrise. The increase of the PBL
height results in a mixing of aerosols, highlighted by a decrease with a minimum
value around 15 UTC (Fig. 4a). After sunset, the aerosols start to accumulate again.
The impact of BB aerosols appears after only 1 day of simulation (from 6 July 2016).
For all four cities, the impact of BB has the same order of magnitude, underscoring
the wide extent of long-range BB over SWA. The maximum contribution found was
9.75 μg m�3, 12.45 μg m�3, 10.7 μg m�3, and 8 μg m�3, respectively, in Accra,
Abidjan, Cotonou, and Lagos. Menut et al. (2018) quantified the contribution of BB
to the PM10 concentration to be about 5 μg m�3 in two SWA cities (Lagos and
Abidjan). Although PM25 and PM10 are composed of the same type of aerosols, only
at different sizes, it is expected that the contribution to PM25 will be higher (double)
than that of PM10. This confirms that BB aerosols are dominated by the submicron
mode, as observed by Haslett et al. (2019).

Our model allowed us to quantify the contributions from each type of aerosol and
gases as well. Table 2 thus summarizes the contribution of BB to OC, BC, CO, NOx,
OZONE, and the Aerosol Optical Depth (AOD).

The relation between AOD and aerosol increase is clearly shown. A 36% increase
of AOD from BB contribution is simulated by COSMO-ART highlighting the
positive relationship between BB aerosols and AOD, in agreement with the findings
of (Reddington et al. 2015). Thus, according to our model results, BB significant
effect on AOD.

From the analysis of Table 2, it can be seen that BB plumes increased the
atmospheric composition of both gases and aerosols concentrations in SWA. The
major contribution of aerosols is from OC, representing a 70% increase due to BB,
followed by BC, which accounted for 24.5%. These results agreed with the observa-
tions made during the DACCIWA campaign, which showed that 80% of the aerosol
mass concentration in the monsoon layer (below 1.9 km) in SWAwas that originated
from Central and Southern African BB (Haslett et al. 2019). Also, Menut et al. (2018),
through modeling with the Weather Research and Forecasting model coupled with
Chemistry (WRF-Chem), found that the contribution of PM10 from BB in Central
Africa was mainly composed of primary organic and particulate matter (PM).

Among the gases, the ozone contribution from BB was 16%, followed by CO at
11%, then NOx at roughly 8%. Real et al. (2010) found that the BB plume over

12 A. Dajuma et al.
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Central Africa was a source of ozone in the mid-level and upper troposphere.
Moreover, Mari et al. (2008), tracing BB aerosol from the southern hemisphere
during the summer monsoon, found ozone production to vary, depending on the
meteorological conditions associated with the active and break phases of the south-
ern hemisphere jet.

The presence of BB in the PBL increases the level of air of pollution which
increases pollution-related diseases (Lelieveld et al. 2015). Intensive measurements
during the DACCIWA campaign in both the dry and wet seasons confirmed that
carbonaceous aerosols (OC and BC) were major contributions to particle fractions in
Abidjan and Cotonou (Adon et al. 2020). The high content of organic aerosol from
BB also has adverse effects on population health throughout the region. For instance,
a study by Mauderly and Chow (2008) indicated that organic fractions of ambient
PM have adverse respiratory and cardiovascular health outcomes.

Adaptation and Mitigation Strategies

The detrimental effects of air pollution are recognized worldwide, particularly in
West Africa (Knippertz et al. 2015), as this region appears to suffer most from
climate change as a result of anthropogenic activities. Increasing levels of local
pollution and pollution from remote aerosol sources, such as BB from Central Africa
and mineral dust from the Sahel and the Sahara, are increasing the aerosol burden
over the SWA region. Consequently, poor air quality exposes the population to
serious health risks, particularly people living in the coastal cities. Since urbanization
is increasing worldwide, there is a need to implement effective management plans
and policies to improve adaptive capacity and mitigate the effects of anthropogenic
induced air pollution in SWA. An air quality monitoring network should be
established in SWA in order to regulate air quality throughout the region over the
long term, as suggested by the DACCIWA policy brief (Evans et al. 2019). This will
also help to spread awareness among the population of areas of high pollution thus
reducing the prevalence of respiratory illnesses, such as asthma. Local populations
should be encouraged to shift from using wood and charcoal for cooking to instead
using electricity or gas in order to reduce local emissions. For instance, Adon et al.

Table 2 Mean values of aerosols mass concentration and gas mixing ratio for the Fire and No Fire
scenarios, the difference (F-NF), and the change in percentage averaged over the nested domain D2
(9�W–4�E; 3�–10.8�N)

Concentration Fire (F) No Fire (NF) Difference
% change
(F-NF)*100/F

AOD 0.39 0.25 0.14 � 0.01 36

CO (ppb) 225 199 26 � 1 11.5

OZONE (ppb) 39 33 6 � 0.3 16

NOx (ppb) 26.18 24.1 2.07 � 0.3 7.98

SOOT (μg m�3) 0.196 0.148 0.05 � 0.004 24.5

OC (μg m�3) 3.15 0.93 2.21 � 0.14 70.32
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(2020), focusing on local sources domestic fires in Abidjan, showed that 75% of the
total PM are carbonaceous aerosols.

Regionally, negotiations are necessary between Central Africa and West Africa in
order to reduce both regions’ BB emissions, as recommended by the DACCIWA
policy brief (Evans et al. 2019). It is furthermore important to develop air pollution
policies in SWA. Weather forecasting is an essential tool to mitigate air pollution-
related effects. There is a need to improve weather forecasting in SWA, not only in
the meteorological field but also to account for aerosols, as these interact with the
climate.

Another recommendation is to promote the use of renewable energy, such as
solar, for use in industries to reduce the consumption of fossils fuels, which are also
exacerbating air pollution. With regard to transportation, the traffic fleet in the SWA
region is dominated by old cars (Doumbia et al. 2018). Regulations should be
implemented to ban the use of old cars and to improve the public transportation
systems in SWA, as both are major sources of pollutants.

By means of climate education and the promotion of green lifestyles the local
community could be educated, assisted, and encouraged to participate in the miti-
gation of climate change. And lastly, it is also recommended that increasing obser-
vational networks over SWA and improving modeling tools (e.g., cluster) and
human capacity would be effective and efficient ways of tackling issues related to
climate change.

Conclusions

It has been found in our study that remote pollution from the long-range transport of
BB appears to affect the atmospheric aerosol pollution over SWA during summer
monsoon. BB plumes originate from Central and Southern Africa as a result of
agricultural activities, land management, livestock grazing, and crop production.
They are carried westward by a jet toward the tropical eastern Atlantic Ocean, the
Gulf of Guinea and SWA in the mid-level troposphere. BB aerosols were shown to
increase the concentration of PM over four coastal cities in SWA in the same range of
magnitude. Increase in PM25 of 12.45 μg m�3, 9,75 μg m�3, 8 μg m�3, and
10.7 μg m�3 was simulated, respectively, for Abidjan, Accra, Lagos, and Cotonou.
Observational studies have shown that PM25 aerosols measured in the ADF, for
instance, have exceeded the limits set by the World Health Organisation (WHO)
limit (Djossou et al. 2018).

Relative contributions of BB to gaseous pollutants such as NOx, CO, and Ozone
are, respectively, 7.98%, 11.5%, and 16%. As far as aerosols are concerned, OC is
the dominant contributor to the atmospheric composition from BB with a 70%
increase, followed by BC with a 24% increase. The AOD change as a result of BB
aerosol is estimated at 36%.

Regarding the effect on climate, it was found that SW radiation decreased by
6.5 W m�2 at the surface and 5 W m�2 at the TOA. The mean domain average of
CDNC increased by 11% from the No Fire to the Fire case scenario, followed by a
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slight decrease in precipitation. It is worth noting that this experiment was conducted
only over a few days. However, the results do emphasize that there is a need to
explore further and obtain more robust results by performing long-term simulations.
Based on the results obtained with our model, it is obvious that BB aerosols from the
southern hemisphere of Africa are interacting with the WAM dynamics; these
interactions need to be investigated in future studies.

In addition, there is a need to implement an air pollution monitoring system to
tackle health problems related to pollution and increase the adaptive capacity of West
Africa to climate change by limiting local pollution. Moreover, there is a need to
implement transboundary agreements in policies making, for example, by collabo-
rating with countries in Central Africa to reduce their emissions from vegetation
fires, as suggested by the DACCIWA policy brief (Evans et al. 2019).
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