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Abstract

This paper deals with the characterization of aerosols in the Sahelian zone,
particularly in Burkina Faso based on MODIS observations and in situ mea-
surements of the AERONET network on the Ouagadougou site (12.2°N,
1.4°W). Thus, a seasonal spatial distribution of aerosols made over the period
from 2001 to 2016 gives a very great variability of aerosols in Burkina Faso,
whose maxima are encountered in Spring, characterized by winds from the
North East. This seasonality of aerosols is also shown by the annual cycles of
optical, radiative and microphysical parameters measured by AERONET be-
tween 1999 and 2006. Moreover, an analysis of these parameters shows the
prevalence of mineral dusts characterized by low values of the Angstrom
coefficient (ay.¢, < 0.5) associated with the maxima of AOT with high inten-
sity in March. These dusts are confirmed by their scattering nature (SSA >
0.9) and the cooling noticed in the bottom of atmosphere (BOA) and at the
top of the atmosphere (TOA). Also, the climatology of the volume size dis-
tribution of aerosols shows a very great variability of particles in terms of size
influenced by the thin and coarse pattern where most sizes are between 1 and
10 um.

Keywords

Aerosol, AERONET, MODIS, Microphysical and Optical Properties,
Radiative Forcing

1. Introduction

Aerosols can be defined as suspensions in gaseous media of extremely thin par-

DOI: 10.4236/acs.2019.91004 Dec. 13,2018 62 Atmospheric and Climate Sciences


http://www.scirp.org/journal/acs
https://doi.org/10.4236/acs.2019.91004
http://www.scirp.org
https://doi.org/10.4236/acs.2019.91004
http://creativecommons.org/licenses/by/4.0/

B. Nébon et al.

ticles, solid or liquid with a low fall velocity [1]. To study the atmosphere, aero-
sols are generally considered as a population of particles of very variable size and
morphology. Their very small shape is often associated with a sphere, making it
possible to describe them easily by considering only one parameter, namely the
diameter whose radius are generally between 0.001 and 100 pm [2] [3]. In West
Africa, particularly in the Sahel region, the aerosol population is heavily influ-
enced by mineral dust because this area is close to the Sahara, recognized as the
largest desert in the world and the first dust source [4] [5] [6] [7]. The African
continent is also strongly marked by several bush fires all year round with high
spatial and temporal variability [6]. This variability shows an activation of com-
bustion in Central and Southern Africa from May, with an intensification in
Summer, while bush fires in West Africa are intense notably in Winter [8] [9].
Thus, the African continent participates by 40% in the production of combus-
tion particles and is one of the most important parts in the world where the var-
ious types of atmospheric aerosols are found [4] [10]. These aerosols have a huge
impact on atmospheric visibility, affect the intensity of solar radiation and are
source of several diseases such as meningitis at some periods, notably during the
Harmattan [11]. In addition, several studies based on in situ measurements of
the AERONET network, satellite observations and climate models make it possi-
ble to locate aerosols in West Africa during Spring and Summer [12] [13] [14]
[15]. To this end, a study conducted by Senghor et al [15] shows a strong sea-
sonal variability of the dust layer in the West African zone. This made it possible
to locate the aerosols around 3 km of altitude in Spring then between 3 and 5 km
during Summer. However, in Winter the dust is more observed at the surface
below 2 km [15] [16]. This distribution of particles is in agreement with their
impact on the radiative balance of the climatic system observed on the surface,
in the atmosphere and at the top of the atmosphere [17] [18] [19]. Despite all
these studies, the characterization of aerosols remains problematic given their
very variable optical, microphysical and radiative properties. To understand the
distribution of aerosols over time and space in Burkina Faso, a climatological
study is conducted based on the optical, microphysical and radiative properties
from MODIS observations and in situ measurements of the AERONET network.
This study aims to show the seasonal evolution and the high volume of mineral

aerosols in this part of the Sahel.

2. Data and Methodology
2.1. AERONET Network (Aerosol Robotic NETwork)

For a better characterization of particles on the planet, a network of CIMEL
photometers is developed on all over the globe: the global AERONET network
(AErosol RObotic NETwork) initially established by NASA (National Aeronau-
tics and Space Administration) in collaboration with the Laboratory of Atmos-
pheric Optics (LOA) of the National Center for Scientific Research (CNRS). This

network enables archiving and getting public access to data on the optical, mi-
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crophysical and radiative properties of aerosols in an almost real-time, conti-
nuously and for the long-term [20]. These are inversion results of various algo-
rithms elaborated and improved over time by Dubovik et al [21] [22] [23] [24].
AERONET aims at characterizing aerosol properties by constituting a perma-
nently available database for aerosol climatology and the validation of satellite
observations [25]. In addition, AERONET consists of partner networks such as
PHOTONS (Operational Processing Photometry for Satellite Normalization)
which deals with all photometers installed on the African and European conti-

nents, including CIMEL solar photometer, in Ouagadougou (12.2°N, -1.4°E).

2.2. MODIS (MODerate Resolution Imaging Spectroradiometer)

MODIS is a sensor transported by the TERRA satellites since December 1999
and Aqua in April 2002. TERRA sweeps the Earth surface from the North to the
South around the equator in the morning around 10:30 am while Aqua occurs in
the evening, around 10:30 am in an orbit oriented South-North of the Equator
[26]. MODIS has 36 spectral bands that enable it to provide measurements on
the atmosphere, the Earth and the ocean, 7 of which are used to study aerosols
(466, 553, 644, 855, 1243, 1632 and 2119 nm). In addition, it uses different algo-
rithms to invert aerosol properties on Earth [27] and on seas [28] where mea-
surements are made with a spatial resolution ranging from 1 to 250 km and
temporal from 1 to 2 days. For our study, we use MODIS-Terra Deep-Blue in-
versions at 550 nm and available on NASA’s Giovanni site

(https://giovanni.gsfc.nasa.gov/giovanni/). Indeed, the Deep Blue algorithm

takes into account cloud masks, the aerosol model and the reflection of shiny
surfaces [26] [29]. This makes it possible to eliminate contaminations due to the
reflection of the shiny surfaces and to improve the qualified observations in level
2 in areas like the desert of the Sahara, the arid, semi-arid and urban regions

where reflectivity is very significant [30].

2.3. The Study Area

Burkina Faso is a Sahelian country located in the heart of West Africa between
latitudes 9°20 and 15°North and longitudes 5°30West and 2°30East. Its climate
covers three climatic zones, including the Sahelian zone which covers the whole
northern part, a larger Sudano-Sahelian zone extending from west to east and a
more humid Sudanian zone to the south [31]. Note also that these areas are all
marked by the same wind regime namely the monsoon which lasts approx-
imately four (04) months from June to September and the Harmattan which ex-
tends from October to May. Indeed, in the West African zone, the dynamics of
the atmosphere is strongly dependent on the monsoon flow which is a south-
westerly wind and Harmattan marked by northeasterly winds. Because of its
geographical location, Burkina Faso shares the same border with six states
(Figure 1), starting by Mali and Niger in its northern part, which are largely af-
fected by the Sahara Desert, followed by Cote d’Ivoire, Ghana, Togo and Benin
in the South.

DOI: 10.4236/acs.2019.91004

64 Atmospheric and Climate Sciences


https://doi.org/10.4236/acs.2019.91004
https://giovanni.gsfc.nasa.gov/giovanni/

B. Nébon et al.

I — |
Mali o
f\(‘\/\/ Niger .
o U /\gf\\\ [/ o
5 fGoms y
¢/ &¢ Quagadougou
{‘4[\_\“; 23 ZX/\:Q‘%: )/ \\-\{

- \

\ S "

~?
1
>
LY
N
O
)
L
o2
1)
=
=
X

Cote d'lvoire <\ i ) {J

Figure 1. Presentation of Burkina Faso in blue color and geographical location of the
Ouagadougou site (12.20°N, —1.40°E) in red dot.

3. Results and Analysis

3.1. Spatial Distribution of Aerosols in Burkina Faso

Figure 2 shows the seasonality of aerosols in Burkina Faso. It clearly indicates
Spring (March-April-May) as the period of dust in Burkina Faso. The maximum
of aerosols is observed in the northeastern part of the country. This is consistent
with aerosol maxima in the sub-region, which main sources include the eastern
part of Mauritania, the northwest of Mali and the eastern part of Niger towards
the Bodélé depression in Chad [2] [32]. Also, the maxima of AOD in the East
remove any doubt as to the influence of the Bodélé depression in the rise of the
particles in Spring over most of the West African countries, notably Burkina
Faso. Moreover, Spring in the Sahel is especially characterized by high tempera-
tures due to the strong sunshine which can cause thermal depressions in the Sa-
hara; hence the intense dust events. During the Summer (JJA), dust appears to
be more dominant in the North, confirming the effect of sources located in the
North-West of Mali and eastern Mauritania. It should also be remembered that
during this rainy period, most of the dusty emissions are due to convective sys-
tems [33] and remote transportation but are less noticeable in the lower layer. In
Autumn (SON), aerosols are intense towards the East and this is probably due to
the impact of Bodélé and the activation of combustion sources in the South of
the Gulf of Guinea. In addition, it should be noted that Autumn corresponds to
the end of the rainy season in Burkina Faso, and entails the deposit of sediments
following water evaporation, that is favorable to wind erosion [14]. However,
Winter (DJF) is characterized by low AOD values with the maxima encountered
further in the South. This distribution of aerosols reveals the significant presence
of combustion particles from the Gulf of Guinea due to several biomass combus-
tions over this period in West Africa [2] [8]. These particles get mixed with

mineral dust carried by North-East winds.
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Figure 2. Inter-annual seasonal averages of the optical thickness between 2001 and 2016
of the MODIS sensor in Burkina Faso.

3.2. Case of Aerosols on the Ouagadougou Site

3.2.1. Annual Cycles of the Optical Thickness and Angstréom Coefficient

The annual cycles of the AOT (Figure 3) show the monthly inter-annual aerosol
evolution on the Ouagadougou site from 1999 to 2006. This seasonality indicates
a strong presence of aerosols during the dry period dominated by Harmattan
winds which blow from January to June with a much higher intensity in March,
then in May (Figure 3(a)). This is consistent with the maximum aerosols no-
ticed in Burkina Faso in Spring (MAM). In addition, aerosols on the Ouaga-
dougou site are heavily dominated by large particles (AOT-C) which impose
aerosol climatology (Figure 3(b)) because of their large presence in the total
AOT (AOT-T). This dust prevalence is clearly remarkable in March, April and
May (Spring) characterized by low monthly average values of the Angstrom
coefficient (a4, < 0.3) calculated (Figure 3(a)). This shows the huge influence
of desert dust at this time of the year, which main sources are located in the Sa-
hel and the North of the African continent. Despite the prevalence of mineral
aerosols, the thin particles associated with AOT-F persist all year round but are
embedded in the total AOT (AOT-T) by the largest ones associated with the
AOT-C (Figure 3(b)). However, these particles follow the evolution of large
particles and also occur from January to June followed by a decrease in AOT

(AOT-F) from July to December with a slight increase in October. This similar
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Figure 3. Monthly inter-annual averages of total optical thicknesses (AOT-T), coarse pattern (AOT-C), thin pattern (AOT-F) at
873 nm and of the Angstrom parameter at 440 - 870 nm between 1999 and 2006 of the AERONET network.

evolution of both aerosol patterns makes it possible to see that thin particles are
driven by the larger ones and thus highlights the dominance of mineral dust in
the aerosol type. That accounts for the plume of aerosol that affects Ouagadou-
gou during the Harmattan. However, August and December are particular with
average monthly values of the Angstrom coefficient above 0.5 (Figure 3(a)),
which is typical of the thin mode of aerosols which contributes slightly in AOT
shown by the minima in August. Indeed, August corresponds to heavy rains in
Burkina Faso and therefore to an elimination of dusty suspensions, notably the
larger ones, the remaining being particles of local pollution. The contribution of
distant transport of thin particles in Summer must not be neglected [34]. On the
other hand, in Winter, combustion sources are active in the sub-region, particu-
larly in the Gulf of Guinea [8], leading therefore to a strong influence of com-
bustion products. These particles from biomass combustions are then carried by
South-West winds and get mixed with dusty particles [8] [9]. Also, the period
from November to December in Burkina Faso corresponds to the end of the
rainy season, leading to the development of thin desert particles from the soil
recently dried up by wind erosion [17]. The secondary AOT peak noticed in
October shows a possibility of dust emission during this transition period be-
tween Monsoon and Harmattan flows that occur in the Sahel. Thus, this peak
can be due to local emissions because of the end of the Monsoon and the start of

Harmattan.

3.2.2. Annual Cycles of Single Scattering Albedo of Aerosols

The single scattering albedo shows a general trend of particle scattering, clearly
marked, whatever the season. This entails a low absorption of aerosols characte-
rized by a slight presence of carbonaceous particles confirming the dominance of
dust throughout the year in Burkina Faso, with the case of Ouagadougou. This
more scattering character is associated with SSA values higher than 0.9, the

maxima of which are encountered in Spring and in Summer, with a strong scat-
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tering in March and August (Figure 4(a)). This is specific to mainly scattering
mineral dust. These values are corroborated by Mcconnell et al. [35] who also
report the high level of single scattering albedo (SSA > 0.9) between March and
June, period of desert dust in the Sahel. Likewise, similar values attributed to
mineral dust are reported by other authors in West Africa and from Asia [36]
[37]. However, SSA peaks and the Angstrom coefficient in summer clearly show
a strong prevalence of dusty thin particles, particularly due to the distant trans-
port of particles in the Saharan air layer, notably in West African regions [34].
But, the scattering minima observed in December and January may be due to a
plume of aerosols composed of desert particles and combustions probably re-
lated to the intensification of the sources of combustion in Winter in the Gulf of
Guinea and then transported by the winds of the southwest [8] [9] [12]. These
combustions are also in agreement with the maxima of AOD which are in the
south during this Winter period in Burkina Faso (Figure 2). Note that in Winter
the combustion particles are drowned and dominated by desert dust due to SSA
values > 0.9 (Figure 4). In addition, aerosols in Winter at the Ouagadougou site
are characterized by a mixture of large and fine particles shown by the Angstrom

coefficient in January (@, < 0.5) and in December (a4, > 0.5).

3.2.3. Radiative Impact of Aerosols on the Ouagadougou Site

In the lower layer (BOA), which is more under the influence of aerosols, the di-
rect impact of mineral dust is clearly shown by the general cooling observed
(Figure 5). This further confirms the scattering nature of the mineral particles as
well as their permanent presence in the atmosphere in the Ouagadougou city. In
addition, the maximum cooling is obtained in March, around —121 W/m?, con-
firming the dust period defined by Spring (March-April-May). However, the
minimum cooling observed in Summer (June-July-August), notably in August,
around —50 W/m’, is due to the impact of local carbon particles whose role is to
warm up [14]. Also, this is related to the decrease of the dust in Summer in the
low layer, probably because of rains and the level of moister content in the air
and in soils. At the summit of the atmosphere (TOA), the radiative behavior of
aerosols is similar to that of the surface, with maximum cooling in Spring and
early Summer (Figure 5). This is consistent with dust distribution in the Sahel
along the atmospheric column and can reach 5 to 6 km altitude in Spring and
Summer, respectively [6] [15]. In addition, the transport of particles to the top of
the atmosphere can be facilitated by the intertropical front (FIT) and then to the
convective systems. Thus, in Spring and in Summer, dust in the upper tropos-
phere is made of thin mineral particles [14], accounting for their rise to the top
(TOA) characterized by their cooling effect. In addition, March is once again
peculiar, with a cooling reaching —37 W/m* while the minimum occurs in De-
cember and is around —10 W/m?* (Figure 5) revealing the effect of absorbent
particles in Winters due to combustion that are very important at this time in
the sub-region [2] [8]. In general, the maximum cooling at the surface and at the

top of the atmosphere is characterized by the period of dust in Spring. On the
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Figure 4. Monthly inter-annual averages of the optical thickness (AOT), single scattering albedo (SSA) and the Angstrom coeffi-
cient between 1999 and 2006 of the AERONET network.
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Figure 5. Histograms of the monthly inter-annual averages of aerosol radiative forcing at the bottom (BOA) and at the top (TOA)
of the atmosphere reversed by AERONET in the Ouagadougou site between 1999 and 2006.

other hand, in July, August and September, the leaching of the atmosphere leads
to a decrease in dust fall, reducing their cooling effect during this period. It
should also be noted that this cooling decrease can be due to a suspension of

more absorbent carbonaceous aerosols.

3.2.4. Seasonal Distribution of the Aerosol Type

Figure 6 shows the seasonal variability of the volume size distribution of aero-
sols on the Ouagadougou site. It shows the impact of seasonal climate dynamics
on the statistical distribution of particle size. Indeed, the distribution in volume
size, on the whole, shows the development of two main patterns with an inter-
mediate one, which intensity and appearance depend on periods. Thus, from
January to June and from October to December particles are characterized by a

tri-modal distribution reflecting the state of mixing of aerosols noticed over
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Figure 6. Monthly inter-annual averages of the volume size distribution of aerosols on the Ouagadougou site between 1999 and

2006 of the AERONET network. Radius (um) on the x-axis and the volume size distribution (um*/um?) on the y-axis.

these periods characterized by the lack of rain. In July, August and September
the volume size distribution of particles is rather defined by a bimodal represen-
tation. Like Korgo (2014), who reveals a presence in the thin pattern (r < 1 um)
of a kind of carbonized particles mainly from combustion and characterized by
the pattern noticed around r = 0.1 um. A noticeable presence of thin desert par-
ticles was noticed, accounting for the intermediate pattern which appears
around r = 0.5 pm. These thin particles are simply dust re-suspended locally or
so-called trailing aerosols, which are thin desert particles carried along with
larger ones. The coarse pattern obtained around the modal radius r = 2.24 pm is
dominated by more than 80% of mineral particles with a very small presence of
organic particles due to combustions [17]. However, the absence of the interme-
diate pattern in July, August and September suggests a strong prevalence over
this by local emissions of dust, which is limited by heavy rains over this period.
This particle size analysis confirms the optical analysis which showed a perma-
nent presence, all year round, of thin and large particles in different rates de-
pending on periods. It should also be noted that February, March, April, May
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and June dominate again, with peaks of coarse pattern that ranges between 0.3
and 0.7 um*/pum?>

On a seasonal basis (Figure 7), most of the dust has a size between 1 um and
10 um with a volume distribution around 0.24 um’/um’ in winter (DJF), 0.45
pm*/pm’* in Spring (MAM), 0.18 pm*/pm”* in Summer (JJA) and 0.16 pm*/pm’ in
Autumn (SON).

4. Conclusion

A climatological analysis of aerosols in the Sahelian zone, particularly in Burkina
Faso, is performed based on satellite observations of the MODIS sensor and in
situ measurements of the AERONET network. This makes it possible to locate
the aerosols in this part of the Sahel in Spring, with a strong intensification in
March revealed by the annual cycles of optical thickness and Angstrom coeffi-
cient represented for the Ouagadougou site. These particles in Burkina Faso are
mostly dominated by mineral dusts characterized by their scattering nature and
get cooled at the bottom and the top of the atmosphere. This is also shown by
the volume size distribution where most aerosols have a size between 1 and 10
pm. Thus, dust is mainly noticed in Spring while combustion aerosols much

more occur in Autumn and Winter.
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