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This study investigated the meteorological influence of mineral dust in the south-western
African region using satellite and reanalysis datasets by studying 1) the seasonal transport
and distribution of mineral dust in the region; 2) the relationship between precipitation, wind
and desert dust, and 3) the long-term trends of dust column density, precipitation rate and
surface wind speed. The results show that the Namib desert is the main source of dust in
the region, with the density and distribution varying by seasons. The study found that the
greatest dust distribution occurs in the June-July-August (JJA) season, attributed to the
southwesterly winds which transport the dust into the interior of the region. Moreover,
small dust aerosols less that 20 um are observed at highest altitudes between 7 and
10.28 km. Favourable meteorological such as strong and fast winds and low precipitation,
and low vegetation played a vital role in the production and distribution of dust aerosols.
Over a long time (i.e., from 1990 to 2020), dust column density trend increased, while
precipitation and surface wind speed trends decreased. This study provides significant
basis for assessing and monitoring of the desertification processes and their effect on
regional climate variability and change in Southwest Africa, where data is ground-based
data is scarce and related efforts are rare.

Keywords: dust aerosols, dust—extinction, CALIPSO, wind, MODIS, NDVI

1 INTRODUCTION

Tropospheric aerosols ascend from natural sources such as sea-spray, volcanoes and mineral dust.
Other sources of tropospheric aerosols occur from anthropogenic activities such as biomass burning,
combustion of fossil fuels and from gas-to-particles conversion processes (Feiyu et al., 2008).
Aerosols have substantial ability to influence the radiation transfer through the atmosphere and
atmosphere water cycle, thus influence the Earth’s climate directly and indirectly (Hui et al., 2005).

Mineral dust is a major component of atmospheric aerosol loading with the strongest source
regions in the Saharan Desert (Caquineau et al., 2002; Washington et al., 2003; Papayannis et al.,
2005; Adams et al., 2012; Ginoux et al., 2012; Chouza et al., 2016; Shikwambana and Sivakumar
2018). These dust aerosols fluctuate in space and time, with variability in mass of more than 4 orders
of magnitude (Mahowald et al., 2009; Mahowald et al., 2014). Due to its specific optical properties,
airborne mineral dust can absorb and scatter both terrestrial and solar radiation with direct and
indirect effects on the climate (Li et al., 1996; Buseck and Mihaly 1999; Sokoliket al. 2001; Dufresne
etal., 2002; Johnson and Osborne 2011; Gehlot et al., 2015). Mineral dust aerosols are accountable for
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substantial climate forcing through their indirect effects on cloud
and precipitation processes and their direct effects on solar and
thermal radiation. The transport of mineral dust by prevailing
winds from the Saharan Desert (Prospero 1996; Prospero 1999;
Kallos et al., 2006; Knippertz and Todd 2012; Ridley et al.,, 2014),
and from the Arabian desert (Prakash et al., 2015; Shalaby et al.,
2015; Francis et al, 2017) have been extensively reported.
However, in southern Africa only a few studies concerning
mineral dust have been reported by authors such as Tesfaye
et al. (2015), Dansie et al. (2017) to name a few. Bryant et al.
(2007) conducted a study that focused on dust emissions from the
Makgadikgadi Pans of Botswana using various satellite data such
as the Total Ozone Mapping Spectrometer (TOMS) and
Moderate Resolution Imaging Spectrometer (MODIS) for the
period of 1980-2000. In their study they found that surface wind
speed variability, sediment inflows, the extent and frequency of
lake inundation intermittently influenced the desert dust
loadings. Furthermore, Bhattachan et al. (2012) showed that
vegetation loss and dune remobilization in the Southern
Kalahari can promote dust emissions comparable to those
observed from major contemporary dust sources in the
Southern African region. An update dust plume source
inventory for southern Africa was presented by Vickery et al.
(2013). In this work they detected 328 distinct daytime dust
plumes which were attributed to 101 point sources. The point
sources consisted largely of ephemeral inland lakes, coastal pans
as well as dry river valleys originating from Namibia, Botswana,
and South Africa. Furthermore, the plume observations identified
sub-basin scale source clusters for the Etosha Pan, Makgadikgadi
Pans as well as the south western Kalahari pan belt.

Over the past years, the use of satellites and reanalysis
datasets have proven to being amongst the best methods to
use for large continuous area coverage and long-time
monitoring. Some of the disadvantages of satellites is that
they have limited use of optical sensors in cloudy conditions.
However, in this work satellite and reanalysis datasets are of
great advantage since they offer the ability to view broad areas
which is important for studying the distribution of dust
aerosols. Mineral dust aerosol data from the Cloud-Aerosol
Lidar and Infrared Pathfinder Satellite Observations
(CALIPSO) (Amiridis et al., 2013; Huang et al,, 2015; Zhao
et al,, 2015) and the Modern-Era Retrospective analysis for
Research and Applications, Version 2 (MERRA-2) (Schepanski
etal., 2016; Provencal et al., 2017) have been used in the past by
several researchers. CALIPSO can identify the different types of
aerosols such as dust and can further provide vertical height
profiles of dust. MERRA-2 provides the spatial distribution of
dust extinction and wind vector data.

This research aims to 1) study the seasonal distribution of
mineral dust, 2) study the seasonal distribution of meteorological
parameters that impact on the mineral dust, 3) study the seasonal
vertical height profiles of dust and 4) study the trend analysis of
dust and some meteorological parameters that influence the dust
distribution. The study presented here is organised as follows: the
study region is discussed in Section 2 while details of the data
used is given in Section 3. Section 4 contains a discussion of the
results and conclusions are given in Section 5.

Dust Distribution Over South-Western Africa

2 STUDY SITE

Figure 1 shows the two main deserts in southern Africa, ie. the
Namib and Kalahari. The Namib is a costal desert which stretches
<2000 km along the Atlantic coasts of South Africa, Namibia and
Angola. The descent of dry air of the Hadley Cell cooled by the cold
Benguela current along the coast causes the Namib’s aridity. In
central Namib, the desert extends for approximately 140 km inland
(Lancaster et al., 1984), becoming narrower at its northern and
southern extremities (Lancaster et al., 1984). Within the desert,
coastal plains are characterised by high air humidity, no rain and
mild air temperatures. On the other hand, eastern part of the desert is
characterized by low air humidity, high air temperatures, and
summer rainfall prevail (Hachfeld and Jiirgens 2000).

The Kalahari Desert (a large semi-arid sandy savannah) is
located approximately 600 km east of the Namib desert. It
occupies the northernmost part of the Northern Cape
province in South Africa, the eastern third of Namibia, the
southeastern parts of Angola and almost all of Botswana. The
longest north-south extent is ~1,600 km, and its greatest east-west
distance is ~970 km. Precipitation in the northern Kalahari can
reach ~635 mm annually and the precipitation in the southern
Kalahari can reach ~254 mm annually.

3 DATA AND METHODS

3.1 Data

3.1.1 CALIPSO

CALIPSO has been in orbit since 2006 and has been collecting data
ever since. The specifications of CALIPSO are discussed in detail by
Winker et al. (2003, 2010). One the objectives for CALIPSO is to
provide measurements on the spatial and vertical distribution of
aerosols globally. There are three basic types of Level 2 data products:
profile products, layer products, and the vertical feature mask
(VEM), and these data products are provided at various spatial
resolutions. The level 2 processing involves three major steps which
are discussed in detail by Winker et al. (2009).

Level 3 aerosol profile product reports monthly averaged statistics
based on quality-screened level 2 aerosol extinction profiles at 532 nm
below 12 km in altitude, vertically gridded to mean-sea-level. Further
details on the methodology used for the generation of the Level 3
products can be found in Winker et al. (2013), Tackett et al. (2018).
The mean bias becomes much larger for altitudes lower that 3 km (of
the order of 60%) which is attributed to the decrease of the CALIOP
signal-to-noise ratio, as well as to the incomplete overlap height region
of the ground based lidar and finally to the distance between the two
instruments, resulting to the observation of possibly different air
masses. The data, used in this study, is the all-sky dust extinction
coefficients at 532 nm available from the CALIOP Level 3 aerosol
profile monthly products with a horizontal resolution of 2° x 5
(latitude/longitude) and a vertical resolution of 60 m.

3.1.2 MERRA-2

The Modern-Era Retrospective analysis for Research and
Applications, Version 2 (MERRA-2) was introduced to replace
and extend the original MERRA dataset (Rienecker et al., 2011). It
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FIGURE 1 | Locations of deserts and selected pans in southern Africa.
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is produced using version 5.12.4 of the Goddard Earth Observing
System Model (GEOS) Data Assimilation System (DAS). Gridded
data are released at a 0.625" longitude x 0.5 latitude resolution on
72 sigma-pressure hybrid layers between the surface and
0.01 hPa. MERRA-2 contains the assimilation of bias-corrected
AOD from the Advanced Very High Resolution Radiometer
(AVHRR) and MODIS, AOD over bright surfaces obtained
from the Multiangle Imaging SpectroRadiometer (MISR), and
AOD from the AErosol RObotic NETwork (AERONET)
(Randles et al., 2016). More details on MERRA and MERRA-2
can be found in Rienecker et al. (2008, 2011), Buchard et al. (2015,
2016), respectively. The data used in this study are the dust
column density products.

3.1.3 AIRS

The Atmospheric Infrared Sounder (AIRS) instrument was
launched on 4 May 2002 on the Earth Observing System
(EOS) Aqua Platform. It collects information on the different
layers of the atmosphere and provides hyperspectral imagery
through applying various processing algorithms. The instrument
collects climate data and turns it into 3-D maps of water vapour,
cloud properties, and air/surface temperature. Moreover, AIRS
can measure the atmospheric temperature in the troposphere
with precision of ~1 K over 1 km-thick layers under cloudy and
clear conditions. AIRS also has 4 visible (VIS) and near-IR (NIR)
channels between 0.40 and 0.94 um, which are utilized for the
detection of clouds in the IR FOV. The IR resolution for AIRS is
1 km in the vertical and 13.5 km in the horizontal. The VIS/NIR
spatial resolution, on the other hand, is ~2.3 km. The uncertainty
of estimate for temperature profiles are 1) between 1 and 2 K/km
in the troposphere and 2) between 2 and 3 K/km above the

troposphere. More details of the instrument are discussed by
Hartmut et al. (1995), Chahine et al. (2006), Menzel et al. (2018).
In this study, we use the air temperature product.

3.1.4 TRMM

In November 1997 the Tropical Rainfall Measuring Mission
(TRMM) was launched. TRMM has 5 instruments onboard
namely, the Lightning Imaging Sensor (LIS), TRMM Microwave
Imager (TMI), Visible and Infrared Scanner (VIRS), the
Precipitation Radar (PR), Clouds and the Earth’s Radiant Energy
System (CERES). Kummerow et al. (2000), Liu et al. (2012) provide
comprehensive details on the specifications of the TMI, PR, VIRS
and LIS instruments. The overall objective of TRMM was to use 1) to
obtain and study multi-year science data sets of tropical and
subtropical rainfall measurements, 2) to understand how
interactions between the sea, air and landmasses produce changes
in global rainfall and climate, 3) to improve modelling of tropical
rainfall processes and their influence on global circulation to predict
rainfall and variability at various periods, and 4) to test, evaluate and
improve satellite rainfall measurement techniques. The relative bias
of preceipitation has been calculated elevation wise, and the values
have been characterized under three categories as under-estimation
(bias <10%), overestimation (bias >10%), and approximately equal
(bias range from 10% to 10%) (Yang and Luo, 2014). In this study,
the precipitation rate product was used.

3.1.5 MODIS Normalised Difference Vegetation Index
The Normalised Difference Vegetation Index (NDVI) products
(MOD13Q1) collection 6 (C6) product, from Moderate Imaging
Spectroradiometer (MODIS) sensors onboard Aqua satellites,
were averaged by season, ie., DJF, MAM, JJA, and SON, in

Frontiers in Environmental Science | www.frontiersin.org

June 2022 | Volume 10 | Article 856438


https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

Shikwambana and Kganyago

TABLE 1 | Summary of the data used in this study.

Input data source Products used
(temporal resolution, spatial

resolution)

Merra-2 (monthly; 0.5° x 0.625%)

(b) Surface wind speed and wind
vectors (m.s™")

CALIPSO (monthly, 2° x 5°) Dust extinction coefficients at

532 nm (Mm™")

AIRS (monthly, 13.5 km at nadir, 1 km
vertical)

Air temperature (°C)

TRMM (monthly, 0.25° x 0.25°) Precipitation rate (mm/month)

MODIS Vegetation Indices

(MOD13Q1.0086) (NDVI)

Google Earth Engine (GEE). The products have a spatial
resolution of 250 m and spanned from 2000-2020, thus were
suitable to analyse the seasonal vegetation variations in this study.
The NDVI quantifies vegetation by measuring the difference
between near-infrared (where there is high scattering by
vegetation structure) and red light (where vegetation
biochemistry causes intense absorption). Generally, NDVI
values <0.1 indicate no green vegetation, values between 0.2
and 0.4 correspond to areas with sparse vegetation, values
between 0.4 and 0.6 indicate moderate vegetation, while values
>0.6 indicate a high density of green vegetation. The MOD13Q1
C6 product has achieved Stage 3 validation, i.e., uncertainties
have been rigorously quantified over global sites. Its uncertainties
are within £0.025 (https://modis-land.gsfc.nasa.gov/ValStatus.
php?ProductID=MOD13, accessed: 12/05/2022). Errors in the
red band associated with residual atmospheric effects are the
main source of the NDVI errors.
The summary of the data used is given in Table 1.

3.2 Method

3.2.1 Statistical Analysis

Sneyers (1990) produced a statistical test to identify abrupt
changes in significant trends. The Sequential Mann-Kendall
(SQMK) test sets up two series, a progressive (forward) and a
retrograde (backward) series (Sneyers, 1997; Sneyers et al., 1998;
Lu et al,, 2004). If the progressive and retrograde series intersect
each other and diverge beyond some base value, then there is a
statistically significant trend. The point where they intersect each
other shows the approximate year at which the trend starts
(Mosmann et al., 2004). Supplementary Appendix Al gives
the SQMK test steps in detail.

4 RESULTS AND DISCUSSION

4.1 Seasonal Spatial and Vertical

Distribution of Dust
Figure 2 shows an averaged seasonal spatial distribution of dust
surface concentration overlay with 2-m wind vectors in the study

(a) Dust surface mass concentration (ug.m=)

Normalised Difference Vegetation Index

Dust Distribution Over South-Western Africa

Period of Output data

analysis

1990-2020 Seasonal distribution maps of dust surface mass
concentration

1990-2020 Seasonal distribution maps of wind speed and wind
direction

2007-2020 Dust extinction coefficient vertical seasonal profiles

2002-2020 Seasonal distribution maps of air temperature

2000-2020 Seasonal distribution maps of the precipitation rate

2000-2020 Seasonal vegetation variation maps

region. The results clearly show that the Namib desert is the main
source of dust in the region seasonally. In their study, Vickery
et al. (2013) show that the Namib desert produces the highest
number of plumes ~85 compared to other dust sources in
Southwest Africa. This is one of the reasons why a high dust
concentration is observed in that region seasonally. Figure 2
results further show that the Kalahari Desert does not contribute
significantly to the overall emission of dust in the southern
African region. However, at a local scale, the Kalahari Desert
could be the major contributor to the dust emissions. This is
because the Kalahari is made up of biomes which is likely to trap
the dust, especially during the rainy (DJF) season. The higher
precipitation rate in the Kalahari also dampens the soil which
reduces the formation of dust and sand. The low wind speeds also
reduce the lifting and transport of sand and dust aerosols. The
highest dust concentration between 0.25 and 0.30 uyg m™ in the
Namib Desert is observed in the JJA season, followed up by the
SON, DJF and MAM seasons, respectively. The high wind speeds
in the JJA season (see Figure 2C) are the main source of the high
concentration of dust. The strong winds lift large amounts of sand
and dust from bare, dry soils into the atmosphere. The low
precipitation seasonally also ensures that the sand and dust is
always dry thus making it easier for the lifting process. This
process also applies to moderate wind speeds in the SON season
(see Figure 2D). In the SON season, a moderate dust
concentration of between 0.15 and 0.23 ugm™ is observed. A
low dust concentration between 0.1 and 0.15 ug m ™ is observed
in the DJF and MAM seasons, Figures 2A,B, respectively. The
low wind speed is one of the factors that influence the low
concentration of dust.

Dust aerosols exert a significant effect on the global radiative
budget by scattering and absorbing longwave and shortwave
radiation thereby impacting the vertical profile of temperature,
atmospheric stability and precipitation (Denjean et al., 2016). It is
for this reason that the knowledge of the vertical distribution of
dust is important. Figure 3 shows dust extinctions profiles
averaged in a latitude-longitude box. The largest dust
extinction coefficients value of ~2.7 Mm™' is observed at the
surface during the DJF season. This large extinction coefficient

Frontiers in Environmental Science | www.frontiersin.org

June 2022 | Volume 10 | Article 856438


https://modis-land.gsfc.nasa.gov/ValStatus.php?ProductID=MOD13
https://modis-land.gsfc.nasa.gov/ValStatus.php?ProductID=MOD13
https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles

Shikwambana and Kganyago

Dust Distribution Over South-Western Africa

DJF-Dust surface mass concentration

z 0.3
(€))
0.25
o 20°S 0.2
£ %
= 0.15 5
ﬁ =
25°S 0.1
0.05
°og ™ - 0
12°E 14°E 16°E 18°E 20°E 22°E
Longitude
JJA-Dust surface mass concentration
0.25
° 20°S 0.2
3 %
= 015 5
s 2
25°S 0.1
0.05
30°S 0
12°E 14°E 16°E 18°E 20°E 22°E
Longitude

obtained from MERRA-2.

FIGURE 2 | Seasonal averaged dust surface mass concentration overlay with wind vectors for the period 1998-2020 in (A) DJF, (B) MAM, (C) JJA and (D) SON,
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FIGURE 3 | Seasonal mean dust extinction coefficient profiles from
CALIPSO over the period 2007-2020, obtained from CALIPSO.

value implies a high dust aerosol loading at the surface. However,
the dust extinction coefficients values decrease with increasing
altitude indicating that most of the dust aerosols are concentrated
at the surface and elevate at an altitude less than 4 km. The
suppression of dust aerosols on ths surface might be due to higher
precipitation rates and low wind speeds. On the other hand,
elevated dust aerosols are observed during the SON season. Three
distinct peaks at 7.05 km (0.25 Mm ™), 7.29 km (0.33 Mm ") and
10.28 km (0.037 Mm™") are observed during this period. The
synthesis and elevation of these dust aerosols are due to the dry
soil conditions and high wind speeds (Aili et al, 2016)
experienced during this season. The high temperatures and
lack of precipitation contribute favourably to the drying of the

soil, which allows for the production of dust particles, and allows
strong winds to transport the dust particles into the upper
troposphere. Alfaro et al. (1998) showed that strong winds
force particles of about 100-200 um diameter to move in
ballistic trajectories (“saltation”) close to the surface. These
saltating particles can break apart or eject smaller soil particles
upon impacting the soil. These smaller particles (<~50 um) are
entrained into the boundary layer, after which they can be
transported long distances.

4.2 Seasonal Meteorological Conditions

Over the Deserts

Meteorological parameters such as wind speed and wind
direction are important to understand the dispersion and
propagation directions of dust aerosols. Wind in the desert
also has a vast effect on the formation of sand dunes. Wind
speed and wind direction seasonal results obtained from
MERRA-2 are presented in Figure 4. Although wind speed
and wind direction show seasonal variations, the only
consistency is the prevailing westerlies, from the Atlantic
Ocean, travelling at high wind speeds of between 8.5 and
10ms™' every season. Moreover, the longshore southerly
winds in the central coastline region are also present and are
maintained by a strong pressure gradient between a permanent
high-pressure cell over the ocean, the South Atlantic Anticyclone
(SAA), and a thermal low over the hot, arid continental landmass
(Shannon, 1985; Peard, 2007). The lowest wind speeds of between
4 and 6 m s~ are observed over the Namib and Kalahari deserts
in the DJF, MAM and SON seasons (see Figures 4A,B,D). The
dominant wind directions in these seasons are the westerlies and
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southerlies. However, moderate wind speeds of between 7 and
8ms ' with dominant westerlies and easterlies winds are
observed in the JJA season.

Figure 5 shows the averaged seasonal precipitation rate over
the study area. Overall, the precipitation over the Namib desert is

extremely low, less than 50 mm/month. However, in the JJA
season (see Figure 3C) the is an area (23°S, 15°E) on the southern
part of the desert with a precipitation rate of ~80 mm/month,
which is the highest in the Namib Desert. On the other hand, the
Kalahari Desert shows a precipitation rate variability for the
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different seasons. A high precipitation rate of ~120 mm/month is
observed in the DJF season (see Figure 5A) while the lowest
precipitation rate of >50 mm/month is observed in the JJA and
SON seasons (see Figures 5C,D). The MAM season shows a
moderate precipitation rate of ~80mm/month. The low
precipitation can be attributed to increased dust aerosol
concentration. Lohmann and Feichter (2005) showed that dust
aerosol can suppress precipitation by promoting the formation of
small cloud droplets that do not lead to any rainfall. Furthermore,
Brooks (2000) also showed that the increase in dust concentration
leads to increasing atmospheric stability and reducing convection
which results in decreasing rainfall. Therefore, increase
concentrations of dust aerosols in the atmosphere lead to less
precipitation in these deserts. Precipitation is important
especially in the Kalahari Desert which has some biomes,
which require some amount of water to survive.

The average seasonal air temperature is shown in Figure 6.
The highest average temperature of ~33°C is observed over the
Namib and Kalahari Deserts during the DJF season (see
Figure 6A). The SON season also shows slightly high
temperatures between 30 and 33°C over the Namib and
Kalahari Deserts (see Figure 6D). The lowest temperature
between 22 and 26°C over these deserts are observed in the
JJA season (see Figure 6C), while moderate temperatures of
between 26 and 30°C are observed in the MAM season (see
Figure 6B). These results also show that the Namib Desert is
generally warmer than the Kalahari Desert in every season.
However, in the JJA season, winter fogs produced by
upwelling cold currents, frequently blanket coastal deserts

(such as the Namib Desert) and block solar radiation, thus
making the JJA season cold. Overall, coastal deserts are
relatively complex because they are at the juncture of
terrestrial, oceanic, and atmospheric systems.

4.3 Seasonal and Spatial Variation of

Vegetation

Figure 7 shows the seasonal distribution of NDVI over the
study area. The Namib Desert shows NDVI values of <0.1 for
all seasons, indicating that no vegetation is present at any time
of the season over the area. This area is dominated by bare sand
and dust. However, during the DJF and MAM seasons (see
Figures 7A,B), high NDVI values >0.7 are observed in the
northern parts of the Kalahari Desert. This indicates that these
seasons have some vegetation. The higher precipitation rates in
these seasons (see Figures 5A,B) aid in providing the water
needed for the growth of the plants. Rainfall is the main
determinant for the growth of plants in this area.
Vegetation coverage in the Kalahari Desert is a crucial
factor affecting wind erosion and airborne dust
accumulation. High vegetation coverage traps the dust fall
and thus reduces the transport and dispersion of the dust. This
study does not aim to quantify the amount of dust trapped, but
there are interesting studies aiming to quantify the trapping
effect of different vegetation coverages on the aeolian dust to
better understand the role of vegetation in aeolian dust
accumulation in arid and semi-arid regions (Yan et al,
2011). The JJA and SON seasons (see Figures 7C,D) in the
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Kalahari Desert show low to moderate values of NDVI between
0.2 and 0.4. The northern parts of the Kalahari Desert show
values of ~0.4, while the southern parts of the Kalahari Desert
show values of ~0.2. These values indicate that during these
seasons the area comprises sparse vegetation which is due to a
lack of rainfall. Furthermore, with sparse vegetation, it is
anticipated that slightly more dust would be removed from
the soil and transported into the atmosphere. In fact, the NDVI

for JJA and SON are consistent with the seasonally averaged
dust surface mass concentration results (Figure 5).

4.4 Trend Analysis Observations

The SQMK test is applied to detect the trends in the dust column
density, precipitation rate and surface wind speeds. One of the
reasons the SQMK test is used in this study is that it is not very
sensitive to outliers (Mondal et al., 2015). Furthermore, the
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precipitation rate and wind speed parameters were selected
because they have some influence on the dust column density,
therefore correlating the parameters can explain why the trend of
the dust column density is observed. Figure 8A shows an
increasing trend of the dust column density from the year
1990 to the year 2020. An increasing dust column density over
time means an increase in dust aerosol loading which leads to the
degradation in air quality. A decrease in precipitation over time
would lead to dry soil conditions and great chances for the
creation of dust from the bare soil. Figure 8B shows a
decreasing precipitation rate from the year 2006 to the year
2020. This is the period with the highest/increasing dust
column density. High wind speeds are responsible for 1)
lifting the dust from the surface and 2) higher wind speeds
would be responsible for the transport and distribution of the
dust. Figure 8C shows a decreasing surface wind speed trend over
time. This result means less of the dust is being transported to
distant places but rather more dust particles are being removed
from the bare soil thus increasing the column density of the dust.
Opverall, the precipitation and wind speed observations support
the observation of the increasing dust density over time.

4.5 Relationship Between Precipitation,

Wind and Desert Dust

Rosenfeld et al. (2001) showed that the reduction of precipitation
affected by desert dust can cause drier soil, which in turn raises more
dust, thus providing a possible feedback loop to further decrease
precipitation. The elevated dust is then transported to various places
by the wind. The transport of dust particles by wind occurs in several
modes, which depend predominantly on particle size and wind
speed. The dust particles are not normally directly lifted by wind
because their inter-particle cohesive forces are large compared to
aerodynamic forces, instead, these small particles are predominantly
ejected from the soil by the impacts of saltating particles (Gillette
et al,, 1974). Following the ejection, dust particles are susceptible to
turbulent fluctuation and thus usually enter short-term (~20-70 um
diameter) or long-term (<20 um diameter) suspension (Kok et al,
2012). Long-term suspended dust can remain in the atmosphere for
up to several weeks and can thus be transported thousands of
kilometres from source regions (Kok et al, 2012). However, the
acceleration of particles with diameters over ~500 um is strongly
limited by their large inertia, and these particles generally do not
saltate (Shao, 2008).

5 CONCLUSION

The study uses a multi-dataset approach to study the
relationship between meteorological parameters and desert
dust aerosols. The study specifically looks at the deserts in
south-western Africa as this is the least studied region. This
study further closes the knowledge gap that exists in dust
aerosols in south-western Africa, where the ground data are

Dust Distribution Over South-Western Africa

scarce and monitoring efforts are rare. The results clearly show
that the Namib desert is the main source of dust in the
Southwest ~ African region seasonally. The greatest
distribution of dust is observed in the JJA season and the
southwesterly winds are accountable for the transport of dust
into the interior. However, winds in the northerly direction are
responsible for the transport of dust over the Atlantic Ocean.
Furthermore, the highest dust aerosols were observed at ~7
and 10 km which suggests that the dust particles are <20 pm in
diameter (Kok et al., 2012). This study demonstrated that
meteorological parameters play an important role in the
production and distribution of dust aerosols. High
temperatures and lack of precipitation contribute to the
drying of the bare soil creating an enabling condition to
produce dust. Strong winds lift the dust from the soil and
distribute the dust. This study is important because it could be
used as a basis to investigate desertification, primarily from a
climate change point of view, in Southwest Africa. Moreover,
the study can be expanded to study the transport of dust
aerosol to other areas and how this dust impacts the local cloud
fraction and precipitation in those areas.
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