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Abstract

The three measurement periods: the TOMS Nimbus-7 TOMSN7L3 v008
from 1978 to 1993, the TOMS EP TOMSEPL3 v008 from 1996 to 2005 and
the OMI OMTO3d v003 from 2004 to 2008 have allowed the presence of dust
to be observed in the 10° North to 20° North latitudinal band (10 - 20 band)
of Africa. The 10 - 20 band has a permanent dust presence. The AERONET
data show AOD peaks exceeding 2 in Senegal and Niger (on an AOD scale).
The statistical study reveals intra-annual relationships in deposition. In Senegal,
a significant deposition is observed.
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1. Introduction

The mechanisms of aerosol lifting, transport and deposition are fairly well
documented in the literature (Marticorena & Bergametti, 1995). Source zones
have been identified, namely the Bodélé depression and many others (Abouchami
et al., 2013; Hudson-Edwards et al., 2014; Bouet et al., 2012; Goodman et al.,
2019); others will continue to appear with the advance of the desert due to de-
forestation (Li et al., 2020), not to mention the fact that the Sahel experienced a

long drought from 1970 to 1980 followed by a partial recovery of rainfall which
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remains deficient until now (Lebel & Vischel, 2005). Correlations between wind,
temperature and rainfall during the African monsoon season (Hassane et al.,
2016; Touréa et al., 2019; Adenira et al., 2019; Huber & Fensholt, 2011; Janicot,
2009) have been established.

The post-passage deposition of UV Index aerosols “AUVI” in the latitudinal
band 10°N - 20°N is very important. These aerosols cover all surfaces, especially
solar collectors and panels (Memiche et al., 2020), which can have an impact on
their performance.

The objective of this work is to study the distribution of UV index aerosols,
and the optical depth. The objective of this work is to study the distribution of
UV index aerosols, and the optical depth, and to make a climatic and statistical
study of the deposition in order to better understand the mechanisms of lifting,

transport, and deposition of aerosols in the 10 - 20 band.

2. Study Area and Method

Our study area is the portion of the land belt around latitudes 10° North and 20°
North (10 - 20 band) delineated in the African continent. It contains the Sahe-
lian zone one of the largest and most important dust emission regions (Dirk et
al., 2013). With atypical climatic features that few other areas on the globe ex-
perience. The 10 - 20 band is mainly characterised by the seasonal movement of
the inter-tropical convergence zone (ITCZ). There is: a more or less balanced al-
ternation of dry and wet years from 1900 to 1950, a rainy period from 1950 to
1970 since 1970 a strong period of drought (Ali, 2008) (Figure 1) and a dry ad-
vection rich in aerosols (Buontempo et al., 2010; Lézine et al., 2011; Lavaysse et al.,
2009). All this results in a significant impact both from a health point of view
(Apoil & Yacouba, 2018), and from an environmental point of view (Durand &
Lang, 1991). Not to mention the considerable impact that the climate of this area
has on the rest of the planet (Alimen, 1897).

Data from point observations (Dakar, Banizoumbou) are provided by AERONET

annual average rainfall in the salhel from 1900 to 2011
compared to the average for the period 1950-79
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Figure 1. The evolution of the rainfall anomaly in the Sahel from 1900 to 2011 compared to the average
from 1950 to 1979. Source JJASO. Image from sécheresse (free.fr).
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(Aerosol Robotic Network) which is a ground-based aerosol measurement net-
work established by NASA and PHOTONS (PHotometry for Operational Proc-
essing of Satellite Normalization, CNES and CNRS-INSU) and is greatly en-
riched by other networks (RIMA, AeroSpan, AEROCAN and CARSNET) and
collaborators from national agencies, institutes, universities, individual scientists
and partners. For more than 25 years, the project has provided a long-term, con-
tinuous and easily accessible public domain database on aerosol optical, micro-
physical and radiative properties for aerosol research and characterisation, vali-
dation of satellite retrievals and synergy with other databases. The network re-
quires instrument standardisation, calibration, processing and distribution. The
AERONET data used here include optical measurements, providing information
on the quantities and properties of aerosols contained in the entire atmospheric
column (Rajot et al., 2011). These data are also used in the AMMA project.

UV index aerosols (AUVI) and dust depositions are derived from data from
the MODIS sensor on the Terra and Aqua satellites (Acker & Leptoukh, 2007).
The AUVI data are initially derived from the Total Ozone Mapping Spectrometer
(TOMS) version 8 daily global gridded data product (EP) containing total col-
umn ozone, UV aerosol index, Lambertian effective surface reflectivity (Rayleigh
corrected) and local noontime UV-B irradiances. The data are considered in a
global grid of size 180° x 288° with a lat-long resolution of 1.00 x 1.25 degrees.

The AUVI are also obtained from the OMI science team. The OMTO3d
product is produced by meshing and averaging only good quality orbital data
over the total ozone level 2 (OMTO3, based on the improved TOMS version-8
algorithm) on grids of resolutions 1° x 1°.

In our work, we will query the three measurement periods TOMS Nimbus-7
TOMSNY7L3 v008 from 1978 to 1993, TOMS EP TOMSEPL3 v008 from 1996-2005
and OMI OMTO3d v003 from 2004 to 2008.

These data are pre-processed by Acker in 2014 on the
https://giovanni.gsfc.nasa.gov/giovanni/platform (Acker, et al., 2014; Hooker &
McClain, 2000; Tassan, 1994). Many studies have been carried out on these data,
including those commissioned by the AMMA project (Redelsperger et al., 2006)
and works such as (Kahn et al., 2005; Basar et al., 2009; Si et al., 2019).

The following parameters: Evaporation, evapotranspiration, geopotential at
1000 HPa, total precipitation, soil type, temperature at 2 meters, wind at 10 me-
ters, vertical velocity, volumetric soil water, vorticity at 1000 HPa, specific hu-
midity are directly extracted from the ERA5 platform.

ERAS is the fifth generation of ECMWF reanalysis for global climate and
weather for the last 4 - 7 decades. Currently, data are available from 1979 on-
wards. ERAS5 replaces the ERA-Interim reanalysis (Olauson, 2018; Wang et al.,
2019). The data were regridded to a regular lat-lon grid of 0.25 degrees for the
reanalysis and 0.5 degrees for the uncertainty estimation. There are four main
subsets: hourly and monthly products, both on pressure levels (upper air fields)

and single levels (atmospheric, ocean wave and land surface quantities).
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3. Results and Discussions

An overview of the UV Index aerosols in the 10 - 20 band is shown in Figure 2
and Figure 3, which show the distribution of AUVT, which includes “desert dust,

Time Average Map of UV Aerosol Index dialy 1 x 1.25 deg
[OMI OMTO3d v003] over 2004-2008

Time Average Map of UV Aerosol Index dialy 1 x 1.25 deg
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Figure 2. General observation of UV index aerosols during the three measurement campaigns with the OMI 1978-1993 TOMS
1996-2005/2004-2008. Daily average data with a resolution of 1.0 x 1.25 (from the Giovanni platform).
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Figure 3. Observation of the UV Index aerosol distribution profile for OMI -2017 daily average with a resolution of
1.0 x 1.25 degrees. Data from the platform (from the Giovanni).

volcanic ash, biomass burning” from OMI and TOMS. These figures show a
permanent presence of AUVI, in the 10 - 20 band over almost all the three
measurement periods. It can also be seen that the “10.20°E” and “10.20°N” grids
are almost always covered by AUVI, which can be explained by the fact that we
are between Banizoumbou and the Bodélé depression. Two areas established as
source areas for dust emissions (Bouet et al., 2012; Hudson-Edwards et al., 2014).

The study of the intra-annual variability of the AOD over Dakar and Banizoum-
bou for years with peaks greater than 2 gives:

Figure 4 and Figure 5 which show the temporal variation of the Aerosol op-
tical depth (AOD), the Angstrom coefficient and the precipitable water. In these
two figures we note an intra-annual variation of the AOD, during the years for
values higher than 2 for Dakar and 3 for Banizoumbou.

In Figures 4(a)-(d) peak values are observed. In 1997 there were three sig-
nificant peaks where the OAD values reached 2, indicating a very high dust
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Figure 4. Intra-annual variation of the AOD, for years where the optical depth exceeded
2 from 1997 to 2018 in Dakar. (a) gives the variation of the AOD in 1997; (b) in 2010; (c)
in 2013; (d) 2015 Aeronet.Nasa.Gouv data of level 1.5 for the station (Dakar).
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onet.Nasa.Gouv (Banizoumbou).
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presence with very low visibility in February, April and July. In 2010 there are
two peaks in March and June. In 2013 and 2015 there is a peak in July for 2013
and in June for 2015. Figures 5(a)-(d) concern Banizoumbou; in 2004 peaks are
noted in January, February and May. In 2005, there is a large peak in January,
and smaller peaks in February and March. In 2007, peaks are noted in January,
February, March and April. In 2015 the peaks are noted in February and March.

Overall, according to these in-situ data, the months of January and March in
Banizoumbou are characterised by a very strong presence of dust with AODs
reaching 3, which is a sign of a source area, or a location very close to a dust
emission site. In Dakar, there is a time lag of about 10 to 25 days compared to
the peak month in Banizoumbou, with an atmosphere that is just as dusty, but
less so than in Banizoumbou. This allows us to assume that some of the
Banizoumbou dust transits through the lower layers to Senegal.

At the time of and after the passage of the AUVIs, we note deposits in the 10 -
20 band. In fact, Figure 6 shows that countries such as Senegal, the two Guineas,
part of Mali, Burkina Faso, Niger, Chad and Nigeria are covered by deposition
according to the month. These results can be found in some works for Mali
(McTainsh et al., 1997) and Nigeria (McTainsh, 1980). From a climatic point of
view, from 1980 to 2010, the presence of dust deposition in the 10 - 20 band is
noted in all months. In January, the deposit spread from the 4% grid to the
southwest. Thus the deposition starts from Chad with values around 2.6 X
10e—11 Kg/m?/s and spreads over Niger with a strong accumulation in the South
of Niger at the border with Nigeria of 6.5 x 10e—11 Kg/m?/s. Deposits are also
found on the Senegalese coast between 3.9 x 10e—11 Kg/m?/s and 5.2 x 10—ell
Kg/m?/s. This same profile is repeated in February; however, in March the depo-
sition pattern between grid 1 (G1) and grid 2 (G2) becomes more and more
zonal, with an increasingly important accumulation cluster in the southwest of
Senegal. In April the maximum deposition profile becomes zonal with three
marked spots in the North of Nigeria 4.7 x 10e—11 Kg/m?/s, in the North of
Burkina Faso 3.5 x 10e—11 Kg/m?/s and at the Senegal-Guinea border 4.7 x
10e—11 Kg/m?/s. In May the most important deposits are located in the South of
Senegal. It can be seen that the deposition distribution has an increasingly lati-
tudinal profile in the 10 - 20 band. It also rises towards the North. In June the
deposition mainly covers the north of Senegal with a value of 4.4 x 10e-11
Kg/m?/s; it also covers the north of Mali and part of Niger. In July, August, Sep-
tember the maximum deposition covers three large areas: Northern Senegal and
South-West Mauritania; Northern Mali and Southern Algeria; The third is lo-
cated between Niger and Chad. In October, November, December the deposit
decreases in the 10 - 20 band and starts to form again towards Chad.

To find out whether a correlation exists between the different months with
respect to deposition, a principal component analysis was performed. Figure
7(a) and Figure 7(b) show a scatterplot for individuals and the correlation circle

for variables for the monthly dust deposition from 1980 to 2010.
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Figure 6. Climatology of monthly average dust deposition from 1980 to 2010 with [MERRA-2 Model M2TMNXADG v5.12.4]
kg-m=2s7! data, for a resolution of 0.5 x 0.5°. The black rectangle delimits the 10 - 20 African band.
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Figure 7. Principal component analysis of dust deposition climatology. (a) left: graph of individuals; (b) right: graph of variables,
also called correlation circle.
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All variables are located on either side of the first dimension which contains
83.82% of the information.

On dimension one, we have the April deposition so this dimension is well ex-
plained by this month.

Taking the maximum grids to restrict the clouds. We end up with Figure 8
and Figure 9. We note that the 1st dimension is always well explained by the
month of April.

Knowing that the eigenvalues can be used to determine the number of princi-
pal axes according to (Kaiser, 1961). In Figure 10, we have more than 70% of the
information well explained by the first two dimensions of the PCA. The differ-
ence between the other remaining eigenvalues being relatively small, the first
two axes explain well the relationships between the variables (Peres-Neto et al.,
2005).

He red dotted line in Figure 11 and Figure 12 indicate the expected average
contribution. If the contribution of the variables is uniform, the expected
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Figure 8. Principal component analysis of dust deposition climatology - graph of variables according to Maxi-

mum Grid (correlation circle).
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Figure 9. Principal component analysis of dust deposition climatology according to grid maximums (graph of individuals).
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Figure 10. Eigenvalue plot for dust deposition against our PCA.
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Figure 11. Graph of the contribution of the dust deposition variables to the first dimension of the PCA.
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Figure 12. Graph of the contribution of the dust deposition variables to the second dimension of the PCA.

threshold value would be 10%. For a given component, a variable with a contri-
bution above this threshold is considered to have a large contribution to the fac-

torial axis. It can be seen that the deposit on each month except December con-
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tributes well to the formation of the principal component analysis. This makes it
possible to confirm the significance of the results given by the correlation circle.

Figure 13 shows a good contribution of the individuals that characterise the
grids. Figure 14 in turn summarises the good contribution of the variables to the
I** dimension of the PCA.

Figure 15 and Figure 16 give us the graphs of the squared cosines associated
with the variables in the PCA with respect to dimensions 1 - 2 and 2 - 3. A high
cos2 indicates a good representation of the variable on the main axes under con-
sideration. In this case, the variable is positioned near the circumference of the
correlation circle. A low cos2 indicates that the variable is not perfectly repre-
sented by the main axes. In this case, the variable is close to the centre of the cir-
cle. For some of the variables, more than 2 axes may be needed to perfectly rep-
resent the data. In this case, the variables are positioned inside the correlation
circle.

In summary: The cos2 values are used to estimate the quality of the represen-
tation. The closer a variable is to the correlation circle, the better its representa-
tion on the PCA map (and the more important it is for interpreting the principal
components in consideration). Variables that are close to the centre of the chart
are less important for the first components.

In our case, by associating Figure 15 and Figure 16, we can say that we have a
good quality of representation of the variables, which allows us to say that the

results of the principal component analysis are significant.

Contribution of variables to Dim-1-2
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—

5

7
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Figure 13. Graph of contribution of the individuals of the “dust deposition” compared to dimension 1-2 of the PCA.
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Figure 16. Quality graph of the representation of the dust deposition variables in relation to dimension 2-3 of the PCA.

The principal component analysis highlights a maximum of deposits in grids
3 and 4 in relation to the first factorial axis (dim1). This concerns Niger and part
of Chad, which is explained by the fact that these two grids have been identified
as source areas. According to the process of lifting, transport and deposition of
fine particles, i.e. aerosols and the sandblasting process, most of the particles first
fall on and around the same lifting area. For this reason, the maximum deposi-
tion occurs in the Niger and Chad area.

There is more or less significant deposition in grids 1 and 2. These two grids
essentially cover Senegal and part of Mali. The PCA reveals a correlation be-
tween the deposition observed in the Chad-Niger region and the deposition in
the Senegal-Malian region. After the lifting of aerosols in grids 3 and 4, particles
smaller than or equal to 20 micrometres are transported over thousands of kilo-
metres in the lower and middle layers of the atmosphere, and eventually arrive
in grids 1 and 2. A time lag of about one and a half months is observed. A sig-
nificant deposition is observed in January, February, June and August over the
Chad-Niger region. As well as in the Senegal-Malian area in March, April, May,
July and September.

Grids 5, 6 and 7 include Sudan, Eritrea, part of Ethiopia and Somalia. They are
subject to very few deposits. The AUVI deposited in these areas is not correlated
with what is happening in the rest of the 10 - 20 band.

4. Conclusion

Our study shows that over the three measurement periods, namely the TOMS
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Nimbus-7 TOMSN7L3 v008 from 1978 to 1993, the TOMS EP TOMSEPL3 v008
from 1996-2005 and the OMI OMTO3d v003 from 2004 to 2008, the grid “10.20°E”,
“10.20°N” is always covered by AUVI. This can be explained by the fact that we
are between Banizoumbou and the Bodélé depression. The in-situ data show that
Banizoumbou from January to March is characterised by a very high dust con-
tent. The AODs reach 3. For Dakar, a time lag of about 10 to 25 days is observed
compared to the peak month of Banizoumbou. The atmosphere is just as dusty,
but less so than at Banizoumbou. This allows us to assume that part of the
Banizoumbou dust transits through the lower layers to Senegal. The statistical
study shows a maximum of deposition in grids 3 and 4. This concerns Niger and
part of Chad, which can be explained by the fact that these two grids have been
identified as source areas. More or less significant deposition can be seen in grids
1 and 2. These two grids essentially cover Senegal and part of Mali. The PCA re-
veals a correlation between the deposition observed in the Chad-Niger region and
the deposition in the Senegal-Malian region. A time lag of about 1.5 months is
observed. A significant deposition is observed in January, February, June and
August in the Chad-Niger region, as well as in the Senegal-Malian area in March,
April, May, July and September.

The dust deposits in grids 5, 6 and 7 grouping Sudan, Eritrea, part of Ethiopia,
and Somalia are not correlated with what is happening in the rest of the 10 - 20
band.
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