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The aerosol can change the clouds properties; the clouds, however, affect the

Dust and Black Carbon on Clouds, in Afri-  interaction of aerosol and clouds unavoidably encounters the presence of
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sub-time series in the years 1980-2018. Sahara desert’s dust is mainly consti-
Received: July 29, 2018 tuted by hematite minerals; which, in return, is mainly composed by the iron
Accepted: November 23, 2018 oxides, a powerful solar and infra-red radiation absorbing matter and thus a
Published: November 30, 2018 strong and direct radiative forcing agent. For that reason, together with the
fact that it is windblown over the biggest region that surrounds the desert,
dust is one of the strongly considered aerosol in this research. Besides, black
carbon (BC), mostly from the anthropogenic biomass burning process in the
mid latitude’s African savanna, is the second aerosol type selected for this re-
search: it is one of the abundantly available aerosol types and it is one of the
strongest atmospheric radiant energy absorbers. For sake of valid and trust-
worthy results, the data is collected from multiple satellite remote sensing
tools and instruments, all targeting the aerosol-cloud interaction and effects.
In this research, different measurements were carried out; those are the spati-
otemporal averaged cloud cover, the aerosol (dust and BC) extinction optical
thickness (AOT), the anomaly of aerosol optical depth (AAOD) as well as
different scatter plots’ correlation analysis. For findings: the direct influence
of hydrophilic BC on clouds formation in central African sub-region is expe-
rimentally demonstrated; the dust aerosol highly influences the North African
sub-region’s cloud formation.
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1. Introduction

The term aerosol, in this research, is throughout singular; but it stands for the
aerosol particles (either solid or gaseous, in general). There exist many types of
solid aerosol particles; a few of them are the dust, sea salt and black carbon. A
famous gaseous aerosol is the smoke.

Researching on aerosol is enough significant since it has the direct and very
significant effects on human health: several toxic elements are associated with
Sahara desert’s dust [1], which can endanger the respiratory, cardiovascular and
brain systems. In particular, the dust storms transport pollutants as metals and
pesticides as well as biological components like spores, fungi and bacteria [2].

Besides, though carbon monoxide belongs to the atmospheric chemistry’s
measurements, the inorganic carbon, the coal dust, the fly ash, the smoke as well
as the black carbon are the types of aerosol which generate carbon monoxide
(CO), a very dangerous air pollutant gas to the cardiovascular, respiratory and
even brain systems [3] [4] [5].

Apart from the direct effects of dust aerosol on health, dust storm is a direct
cause of drought. The dust entrainment has been quantitatively surveyed during
the West African Sahel’s pre-drought period of 1940-1960 and after drought pe-
riod of 1960-1980. Once the drought was caused, entrainment of dust further-
more increased, which concludes in a connection of dust emission with the wind
and the hazard of drought [6].

In fact, there is always an uncertainty of what happens when aerosol particles
such as the mist, the smoke and the smog interact with the clouds. But, aerosol
cools and warms the atmosphere: as aerosol interacts with the clouds, a variety
of physical and chemical changes is triggered in the atmosphere; thus, either the
warming or the cooling effects, depending on which aerosol types [7] [8]. Im-
portantly, the black carbon resulting from whatever fire, is the strongest, direct
and indirect absorber of solar radiation in the atmosphere [9] [10]. On the other
hand, however, the clouds distort the aerosol optical depth, AOD [11]

Knowing the geographic and climate characteristics of Africa, the specific mo-
tives of this research are: 1) to investigate the aerosol types in the closest rela-
tionship and interaction with the clouds; 2) to study the anomaly of aerosol opt-
ical depth (AAOD) in comparison and correlation with surface skin tempera-
ture, the aerosol (BC and dust) extinction AOT in comparison and correlation
with the cloud fraction, all in in the west and central African sub-regions of in-
terest.

The remaining part of this research work is organized into materials and me-
thods as well as the discussed results. Results are broadly presented in two
sub-sections. All the results, compared to the existing literature, are the input to

the discussion section.

2. Methodology and Data Sources

The aerosol interacts with solar radiation through absorption and scattering; it
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also interacts with terrestrial radiation through absorption, scattering and emis-
sion. Aerosol can thus, influence the cloud formation since it serves as the cloud
condensation, from which cloud droplets and ice crystals may form. The forma-
tion of clouds is briefly illustrated with Figure 1; the aerosol and greenhouse
gases (GHGs) are accounted for major parameters [7] [12].

Besides, the GHGs, which contribute to the anomaly of AOD, play a consi-
derable role to the atmospheric warming. Though this research does not con-
centrate on the details, the main GHGs are methane and carbon dioxide [13].

It is now an opportunity to briefly define some key terms in this manuscript,

which would satisfy some readers’ needs.

2.1. The Key Terms in the Research and the Inherent Scientific
Knowledge

* The aerosol optical depth (AOD) or otherwise referred to as aerosol optical
thickness (AOT): the measure of an extent to which aerosol, in its different
types: haze, smoke, dust, sea salt, etc., obstructs the light transmission
through the phenomenon of absorbing or scattering the light; AOD/AOT is
distributed within a column of air to the top of the atmosphere [14]. The
aerosol optical depth or thickness (AOT = 7) is the intact extinction coeffi-
cient over a vertical column of one unit area, which is mathematically de-
fined in (1).

AOT =t =1 +7, (1)

where: 7, 7, 7, are the total optical thickness (or otherwise the extinction), that
due to scattering and that due to absorption, respectively. The extinction coeffi-
cient is thus the fractional radiance loss. The optical thickness along the vertical
direction being known as the normal optical thickness, the parameters can be

mathematically deduced from the expression in (2).
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Figure 1. The interaction between clouds, aerosol particles as well as the GHGs.
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I and I, are the energy at the source of targeted aerosol and the energy back to
the remote sensing sensor; ¢ is the angle between the sensor and the source of
aerosol.
¢ Extinction: as a process in physics, astronomy and remote sensing, this is the

reduction to zero in the intensity of light as it passes through a medium
(most notably through the earth’s atmospheric particles such as dust), due to
absorption, reflection, or/and scattering. In the course of remote sensing, the
extinction is measured in terms of extinction coefficient [15].

* The single scattering albedo (SSA): a dimensionless parameter ranging from
zero to one, under normal conditions, which evaluates the ration between
scattering and extinction in a way, the high albedo indicates either high scat-
tering values or low absorption values [16]. The term albedo itself is the
measure of diffusive reflection of solar radiation that is received by a remote
sensed body or target.

sS4 =15 3)
T

¢ The anomaly of optical depth (AAOD): a measurement encountered when
the normal AOD is observed in a strange behavior: the light extinction is
along a slant remote sensing path, rather than a vertical (normal) column.

¢ Albedo: is defined as the fraction of solar radiation reflected by any surface or
a target. The snow-covered targets are measured for the high albedo; oceans
have the very low albedo [17].

* Black Carbon (BC): is an aerosol type, consisting of soot, charcoal as well as
refractory organic matter, which highly absorb light. Directly emitted by the
process of incomplete combustion, BC dwells in the atmosphere up to when
taken away via the process dry or wet aerosol deposition. Most important,
while BC is deposited onto the snow and ice, the aerosol enhances the ab-
sorption of radiation; it warms the lower atmosphere and accelerates the
melting of snow and ice [18].

As the interaction between clouds, aerosols and GHGs is illustrated in Figure
1, aerosol particles have different sources, of which the desert is the main source.
Sahara desert, for instance, is the biggest global source of dust aerosol, which
certainly has a very big influence on the global climate change [19]. The other
aerosol types such as black carbon, the dust included, come from anthropogenic
activities [20]. The figure clearly shows that the aerosol together with the GHGs
contribute to the atmospheric warming. The warming of atmosphere causes the
abnormal behavior of AOD and of course the warming of the clouds. The clouds
were formed through the direct inputs of some aerosol particles together with
the nuclei formation due to the coagulated primary particles into chemical chain
aggregates from the condensable GHGs’ hot vapor. Depending on the nature of
aerosol; the process can finally result in the precipitations of different kinds;
otherwise the warmest atmosphere causes the lack of precipitation’s clearest

clouds, leading to droughts.
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2.2. The Data Source and the Study Region

The data is collected from multiple remote sensing instruments and tools, as
summarized in Figure 2. To ensure the reliability, some of the data, depending
on their availability, was collected from the MODerate resolution Imaging Spec-
tro-radiometer on Terra Satellite (MODIS-T) and MERRA-2. MERRA-2 is
owned by the Goddard Earth Sciences and Information Services Center
(GES-DISC). MERRA-2 directly assimilates and re-analyzes raw data in full
from the Moderate-resolution Imaging Spectro-radiometer (MODIS) and the
Advanced Very High-Resolution Radiometer, AVHRR. The reanalysis system
also retrieves the aerosol optical thickness (AOT) from the aerosol robotic net-
work (AERONET), since January 1980 to date; thus, the MERRA-2 data itself
accounts for multiple source [21] [22].

Besides, the Sea-viewing Wide Field of view Sensor (SeaWiFS) as well as the
Tropical Rainfall Measuring Mission (TRMM) are jointly utilized for the data
which allowed the comparatively study of dust and BC against other different
measurements like the AAOD, the surface skin temperature, the cloud fraction
as well as the real time precipitation, in at least the west and central sub-regions
of Africa.

The entire Africa, roughly coordinated by 18°W, 35°S, 52°E and 40°N, is the
region of interest (Rol) for this research. However, the region is actually so big
that, basing on the natural climatic conditions, the five subdivisions were created
as: 1) the West Africa which is bound as 15°W, (4 - 14)°N, 9.5°E; 2) the North
Africa (and neighboring) which is bound as 10°W, (24 - 40)°N, 52°E; 3) the
Central Africa which is bound as (9.5 - 30)°E, 10°S, 14°N; 4) the South Africa
which is bound as (11 - 35)°E, (10 - 35)°S; as well as 5) the East Africa which is
bound as (30 - 52)°E, 35°S, 12°N.

Besides, the Giovanni’s informatics tools were mainly used to collect data [23]
[24]; thus, all the instruments and tool reported in Figure 2 are accessed. The
results were further treated by the help of the data analysis software tools: the
Origin, the Arc GIS and the Google earth software tools.

‘SeaWiFS ‘ |MERRA-2 }_l MODIS
TRMM

AAOD AOD and Temperature

v y
The Joint Study:
Precipitation, Cloud, AOD/AOT, Time Series and statistics.

|

‘ Results Analysis |

!

Discussion based on original results, in comparison with the literature review

Conclusion

Figure 2. The research bloc diagram concept.
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3. Results and Discussion

The preliminary results, as depicted in Figure 3, are the cloud fraction’s mean of
daily mean, the black carbon extinction AOT, the dust extinction AOT and the
real time precipitation’s map overlay for April, 2018; shown Figure 3; the data

collected from Giovanni platform and further treated by the Arc Map software

tool.
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Figure 3. The preliminary results: (a) The mean of daily mean of the cloud fraction over 2000-2018; (b) The BC extinction AOT
over 2000-2018; (c) The real time precipitation’s rain map overlay for April, 2018 (Source: https://giovanni.gsfc.nasa.gov/giovanni/);
(d) The dust extinction AOT over 2000-2018.
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The AOD in Africa, is studied over the time series of 1980-2018 in all the sea-
sons and regions. Nonetheless, the main research objective is to study and report
the aerosol effects on clouds while there is an increasing AOD, if not its abnor-
mal behavior. Thus, Figure 4 reports the regions and seasons characterized by
the highest AOD values; it shows that March-April-Amy (MAM) seasons in the
West African sub-region is characterized by the highest AOD, over the
sub-temporal resolution of 2010.

The findings in Figure 4 together with the findings in Figure 3 mean that the
biggest portion of dust is windblown towards west African sub-region. The hea-
viest black carbon, the highest cloud cover and the real time precipitation are in
the central African sub-Rol. For those reasons, the focal study sub-regions are
fixed for the west Africa and the central Africa sub-Rols.

The results in Figure 5 are based on the two focal sub-regions: West and Cen-
tral Africa. Those are the scatter plots, which illustrate the effects of the rising
surface skin temperature due to the increasing dust and black carbon AOT.

The effects of stepping down of the cloud fraction due to the increasing dust
and black carbon AOT (the converse is true), as well as the jointly studied aver-
aged dust AOT, averaged AAOD, averaged cloud fraction and averaged black
carbon AOT over the 12 months of the year 2010 in the entire Africa, are illu-

strated in Figure 6.

Discussion

The aerosol and cloud are closely interacting; the notable aerosol types are BC
[15]. The mixed aerosol types were previously diagnosed for the radiative forc-
ing effects [25]; but, for sake of simplicity and accuracy in research, the results

presented in this research focussed on the impact of dust and BC aerosol types,

on clouds.
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Figure 4. The highest AOD, based on the time series inter-seasonal and inter-regional

average.
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Figure 5. The scatter plots (Source: https://giovanni.gsfc.nasa.gov/giovanni/): (a) AAOD against surface skin temperature, in the

west African sub-Rol; (b) AAOD against surface skin temperature, in the central African sub-Rol; (c) Dust extinction against the
Cloud fraction, in the west African sub-Rol; (d) BC extinction against the Cloud fraction, in the central African sub-Rol.

This research has shown the cloudy central African sub-Rol as well as the

coastal regions near to the Gulf of Guinea in a very correlating relationship with

the hydrophilic BC, which may act as cloud condensation nuclei [10], due to the

mid-latitude’s vegetations; hydrophilic BC acts as the cloud nuclei which directly

influences the cloud.

On the other hand, the windblown Sahara desert’s dust, Figure 3(d), causes

the scarcity of clouds and nearly no precipitation’s rain as shown in Figure 3(a)

and Figure 3(c).
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Figure 6. The jointly studied dust AOT, AAOD, cloud fraction and black carbon AOT.

The core and innovation point in this research is manifested, the reference is
made from both Figure 5(a) and Figure 5(b), where the averaged AAOD has
the rising impact on the surface temperature. Figure 6 demonstrates that the
rising AAOD, in April, goes with the remote sensing’s rising in the averaged

cloud fraction, in Africa.

4. Conclusion

The dust and BC warming effects in Africa, are documentable in this research.
Technically, the research tool based on multi-satellite and multiple remote sens-
ing instruments is reliable and versatile. Scientifically, different correlations
among the focal parameters showed the direct influence of dust and BC to the
warming; which leads to the increase in the AAOD and consequently the de-
ceased cloud cover. The research clarified that, in the whole Africa, the March,
April May (MAM) season is always characterized by the heaviest aerosol, as
measured from the time series AOD. The month of March is characterized by
the highest dust AOT, which was associated with the sudden decrease of cloud
cover; the raising AAOD was however associated with the increase of cloud cover,
in the Month of April; this is according to the African spatio-tempoaral compar-
ative case study in the year 2010. Inhabitants would reduce the aerosol emission,
by controlling their anthopogenic activities which generate aerosol like dust BC,
sulfates as well as GHGs like methane; some of these remote sensing measure-
ments are not discussed in this research; they are however input parameters to

the next research article.
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