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Abstract. The Sahelian belt is known to be a region where
atmospheric levels of suspended mineral dust are among the
highest observed on Earth. In the framework of the AMMA
(African Monsoon Multidisciplinary Analysis) International
Program, a transect of 3 ground based stations, the “Sahe-
lian Dust Transect” (SDT), has been deployed in order to
obtain quantitative information on the mineral dust content
and its variability over the Sahel. The three stations, namely
Banizoumbou (Niger), Cinzana (Mali) and M’Bour (Sene-
gal) are aligned around 14◦ N along the east-westward main
pathway of the Saharan and Sahelian dust towards the At-
lantic Ocean. We discuss data collected between January
2006 and December 2008 to investigate the main charac-
teristics of the mineral dust concentration over West Africa
and their connection with the dominant meteorological situ-
ations. The succession of the dry season during which the
Sahel is under the influence of the dry Harmattan wind and
the wet season induced by the entrance of the monsoon flow
is clearly identified from the basic meteorological parameters
(air temperature and moisture, wind direction). Atmospheric
dust concentrations at the three stations exhibit a similar sea-
sonal cycle, with a monthly maximum during the dry season
and a minimum occurring during the rainy season, indicating
that the general pattern of dust concentration is similar at re-
gional scale. This seasonal cycle of the dust concentrations
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is not phased with the seasonal cycle of surface wind veloc-
ity locally measured, suggesting that it is mainly controlled
by Saharan dust transport. Local dust emissions induced by
strong surface winds are responsible for the occurrence of ex-
tremely high daily concentrations observed at the beginning
of the rainy season. A decrease in the dust concentration is
observed when moving from Niger to Senegal.

1 Introduction

West Africa is the world’s largest source of atmospheric min-
eral dust. Satellite sensors consistently indicate that these
aerosol plumes are the most widespread, persistent and dense
found on Earth. Mineral dust directly impact visible and
infrared radiation (e.g., Sokolik and Toon, 1999) and thus
their effect on the Earth’s radiative budget remains one of the
largest uncertainties in the present-day capability to predict
climate change (IPCC, 2007). This radiative effect also in-
duces an interaction with local and regional dynamics. This
interaction is sufficiently important to influence the quality
of meteorological forecast over West Africa (Tompkins et
al., 2005). A recent statistical study performed over the pe-
riod 1982–2005, even if it does not establish a direct causal
relationship, shows a significant relationship between the
North Tropical Atlantic Ocean cyclone activity and the Sa-
haran dust cover (Evan et al., 2006). Finally, mineral dust
is suspected to play a role in the occurrence of meningitis
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epidemics in the Sahelian “Meningitis Belt”. Thompson et
al. (2006) suggest, for example, that excess dust in late au-
tumn, prior to the seasonal peak of meningitis, may increase
its incidence and could have a predictive value for epidemic
forecast.

Long-time series of horizontal visibility observations per-
formed in meteorological stations have been used to investi-
gate the temporal and spatial variability of the mineral dust
load over the Sahelian region (i.e. N’Tchayi et al., 1994,
1997; Goudie and Middleton, 1992). These studies mainly
showed that horizontal visibilities exhibit a pronounced sea-
sonal cycle, but also a high variability from the daily to the
inter-annual scales. The seasonal cycle is commonly ex-
plained by the oscillation of the Inter Tropical Convergence
Zone (ITCZ) leading to the alternation during the year of two
meteorological regimes over the Sahel (Dubief, 1977): dur-
ing the boreal winter, the “Harmattan”, a northeastern dry
wind, allows a very efficient transport of Saharan dust to-
wards the Gulf of Guinea. On the opposite, during sum-
mer, due to the northern displacement of the Inter Tropical
Convergence Zone (ITCZ), the Sahel is submitted to the wet
monsoon flow from South-West. This monsoon flow, loaded
with humidity, is responsible for the occurrence of precip-
itation which allows the development of annual vegetation
preventing local aeolian erosion (Rajot, 2001).

In recent decades, remote sensing has offered the oppor-
tunity to document the aerosol load over West Africa on a
larger spatial and temporal scale than respectively meteoro-
logical stations or intensive field campaigns. However, the
retrieval of the aerosol content over land surfaces remains
much more complex than over ocean. As a result, the infor-
mation available in terms of atmospheric dust content over
desert surfaces or surfaces with low vegetation cover is still
limited to semi-quantitative indicators (Absorbing Aerosol
Index – AAI – from Total Ozone Mapping Spectrometer,
Torres et al., 1998; Infrared Different Dust Index – IDDI
– from Meteosat, Legrand et al., 2001). The AERONET
sunphotometers network (http://aeronet.gsfc.nasa.gov/) pro-
vides near-real-time observations of the aerosol spectral op-
tical depth and sky radiance and derived parameters such as
particle size distributions, single-scattering albedo and com-
plex refractive index in several stations. Since 1994, 14 sta-
tions have been installed in West Africa by the PHOTONS
component of the AERONET network, with different peri-
ods and durations of observations. They have allowed, for
example, to establish the seasonal cycle of the vertically in-
tegrated content (Aerosol Optical Depth, AOD) of mineral
dust in different stations of West Africa (Holben et al., 2001;
Ogunjobi et al., 2008).

Mineral dust originating from the Sahara and Sahelian re-
gions can be transported at different altitudes. Typically, dur-
ing summer, mineral dust emitted in the Sahara is transported
across the North Atlantic Ocean above the MBL within the
Saharan Air Layer (SAL). This has been clearly shown by
looking at the difference in the seasonal cycles of the sur-

face concentrations and the column-integrated aerosol op-
tical depth of mineral dust measured, for example over the
Cape Verde Islands or by lidar measurements performed off-
shore West Africa (Karyampoudi et al., 1999; Immler and
Schrems, 2003) and on the West African coast (Léon et
al., 2009). Chiapello et al. (1995) showed a strong discon-
nection between surface concentrations and aerosol optical
depth at the seasonal scale and pointed out that low level
transport pattern of Saharan dust over the Cape Verde is-
lands during winter was mainly due to transport by Harmat-
tan trade wind. Intensive field campaigns including aircraft
measurements (CLAIRE-LBA, PRIDE, AEROSE, AMMA)
also showed that long range transport of Saharan dust can
take place within the surface layer (Formenti et al., 2001;
Reid et al., 2002; Nalli et al., 2005; Rajot et al., 2008).

Because of the variability in the dust transport altitude,
AOD cannot always be considered as a good proxy of the
aerosol content in the surface boundary layer, especially in
the Sahelian region. This is why additional surface mea-
surements have been implemented in the Sahelian region in
the framework of the AMMA (African Monsoon Multidis-
ciplinary Analysis) international program. The objective is
to provide a set of aerosol measurements for the determi-
nation of the mineral dust budget at regional scales. Since
dust emissions and deposition occur at the surface, a mon-
itoring of the aerosol concentration at surface level and of
wet and dry deposition fluxes has been deployed in addition
to the column-integrated aerosol optical depth provided by
the AERONET/PHOTONS sunphotometers. Because of ex-
pected variations in the altitude of the dust layers in this re-
gion, surface concentrations also provide an indicator of air
quality and human exposure better adapted for health issues.
The so-called “Sahelian Dust Transect” – SDT is a set of
three stations deployed along the main transport pathway of
Saharan and Sahelian dust towards the Atlantic Ocean, be-
tween 13 and 15◦ N, in Niger, Mali and Senegal. Dust con-
centration is monitored at the sub-daily scale in order to prop-
erly document the variability from the dust event scale to the
inter-annual time scale. Basic meteorology is also monitored
in order to interpret these variations in relation with local and
regional meteorological conditions.

In this paper we present the daily dust concentrations
recorded since 2006 at the three stations and describe their
variability at the intra-seasonal, seasonal and interannual
time scales and discuss the factors controlling this variability
at different space scales.

2 Material and method

2.1 Description of the stations

The three stations composing the SDT are located in the Sa-
helian region in M’Bour (Senegal; 14.39◦ N, 16.96◦ W), Cin-
zana (Mali, 13.28◦ N, 5.93◦ W) and Banizoumbou (Niger,
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13.54◦ N, 2.66◦ E) (Fig. 1). The three stations are located
in different regions in terms of annual precipitation (Fig. 1).
Both Banizoumbou and M’Bour are located between the iso-
hyets 500 and 700 mm yr−1 while Cinzana is located in a
more rainy area. This is confirmed by the annual precipi-
tation rates measured at the three stations during the three
years monitoring (Table 1). The three years average precip-
itation is of the order of 500 mm yr−1 in Banizoumbou and
M’Bour and close to 800 mm yr−1 in Cinzana.

In M’Bour, the instrumentation is installed facing the At-
lantic Ocean at the geophysical station of the French Insti-
tut de Recherche pour le Développement (IRD). The aerosol
sampling and meteorological measurements are performed
at respectively 9.5 m and 10 m above the ground (that means
respectively 1.8 m and 2.3 m from the terrace of a building
which is 7.7 m high).

The site of Cinzana (Mali), 40 km East South-East of
Segou, is located in an agronomical research station of the
Institut d’Economie Rurale (IER), 1.5 km away from the
main SRAC (Station de Recherche Agronomique de Cin-
zana) buildings. In Niger, the station is installed in a fallow
located at 2.5 km from the village of Banizoumbou (60 km
East of Niamey). For these two remote sites, specific instal-
lations have been built up, including solar panels in order to
make the stations autonomous. On both stations, dust con-
centration measurements are performed at 6.5 m above the
ground level. Meteorological measurements are performed
at the same level at Banizoumbou, but in Cinzana, they are
made at 2.3 m from the ground level, the meteorological
tower being installed inside the ancient meteorological sta-
tion of the SRAC.

All three stations are managed by local technicians trained
by the technical responsible of the SDT (B. Chatenet). In-
strumentation has been selected based on criterions of sim-
plicity of use and maintenance and capability to resist to se-
vere dust and meteorological conditions. The three stations
are fully operational since January 2006.

2.2 Aerosol concentration

Atmospheric concentrations of Particulate Matter smaller
than 10 µm (PM10) are measured using a Tapered Ele-
ment Oscillating Microbalance (TEOM 1400A from Thermo
Scientific) equipped with a PM10 inlet. More precisely,
PM10 means particulate matter which passes through a size-
selective inlet with a 50% efficiency cut-off at 10 µm aero-
dynamic diameter. The inlet is installed outside on the roof
of the building, while the instrument is located inside (about
3 m vertically below the inlet) and thus protected from dust,
rain and excessive temperatures.

The main element in the instrument is an oscillating ele-
ment on top of which is located a filter. The particles col-
lected on the filter increase the mass of the oscillating ele-
ment and thus decrease its oscillation frequency. The varia-
tion of the oscillation frequency is monitored and converted

into a mass variation. The estimated mass is the mass of the
oscillating element, the filter and the collected particles. As
a result, the estimation of the particles mass is made by dif-
ference between two successive measurements. The sampled
air volume being measured, the particulate concentration can
be computed as the ratio between the mass measured over the
acquisition time and the volume of the air sampled during the
same time period.

The lower part of the sampling tube (60 cm length) and the
microbalance are heated to 50◦C, in order to allow a thermi-
cal stability of the particles and the filter and avoid water con-
densation interferences. But, the disadvantage of this heating
is the possible loss of volatile compounds such as ammonium
nitrates or organic compounds (Grover et al., 2004; Green et
al., 2009). TEOM measurements may thus not provide accu-
rate mass concentrations in environments where such volatile
species significantly contribute to the total mass concentra-
tion. Practically, this phenomenon can lead to negative val-
ues of concentration, as frequently observed for the measure-
ments performed in M’Bour station at the onset of the sea
breeze. Indeed at that time, the oceanic air masses bring sig-
nificant amounts of sea salts or organic compounds to the sta-
tion. Concentrations associated to anthropogenic aerosols or
carbonaceous aerosols from biomass burning may also be un-
derestimated. Mineral dust being composed of non-volatile
compounds, PM10 concentrations associated with high lev-
els of this aerosol may not be significantly affected by this
bias. However, a selection procedure has been applied to dis-
card (see Sect. 2.4) as much as possible measurements asso-
ciated with other aerosols than mineral dust (anthropogenic
aerosols, biomass burning aerosols, seas-salt).

This instrument allows measurement of particulate con-
centrations ranging from a few micrograms to a few grams
per cubic meter. In terms of sensitivity, the detection limit of
the instrument is about 0.06 µg m−3 for a one hour sampling
time.

Due to the very high dust concentrations that can be en-
countered in the Sahel, the filter of the instrument can satu-
rate after a few days. Thus, to maintain a constant confidence
level in the particulate concentrations measurements, the fil-
ters are changed two or three times a month both during the
dusty periods (to prevent the filters from saturation) and dur-
ing the rainy season (to avoid the surface alteration of the fil-
ters by the air moisture, leading to high instrumental noise).
The inlet is cleaned at least every month or with the same
frequency than the changes of filters, when very intense dust
events occur.

2.3 Meteorological parameters

Basic meteorological measurements are performed to moni-
tor wind velocity and direction, air temperature, air relative
humidity and precipitation. All instrumentation used is from
Campbell Scientific company. Wind velocity and wind di-
rection are measured using a Windsonic 2-D, temperature
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Fig. 1. Location of the three experimental sites compared to the annual precipitation rates over West Africa (figure adapted from Lebel and
Ali, 2009) and views of the aerosol sampling stations of Banizoumbou (Niger), Cinzana (Mali) and M’Bour (Senegal).

and relative humidity using a 50Y or HMP50 sensor and pre-
cipitation with a ARG100 Tipping Bucket Raingauge. Data
acquisition uses a CR200 data logger. Absolute humidity is
computed from the air temperature and relative humidity.

2.4 Data selection

For the three stations, all measurements have a nominal data
acquisition time of 5 min. The annual recovery rate for PM10
concentrations ranges between 92 and 99% for the three sta-
tions. Most of the time, the missing data correspond to par-
ticular events such as electricity failures or break down of the
computer connections, episodic operations of maintenance
on the instruments (filters changing, cleaning, control, etc.
. . . ). In addition, in Banizoumbou, the location of the in-
strument has been slightly changed (∼100 m) during some
of the AMMA special observation periods (June–July 2006;
June 2007) and thus no data are available for the few days
corresponding to the displacement of the instrument. Fur-
thermore, for these specific periods, the acquisition time step
has been increased to 2 min. However, to make the period
of measurements comparable for the concentrations and the
meteorological measurements, the data have been averaged
on 10 min for the SOP periods in Banizoumbou.

From this initial large data set, a first selection is per-
formed to discard all measurements for which technical prob-
lems have been recorded. Periods during which activities that
could affect the representativity of the measurements (in-situ
car traffic, cattle, maintaining activities, etc.) occurred in the
immediate vicinity of the stations have also been discarded.

The second step in the data selection aims to select pe-
riods during which dust transport can be considered as the
main contributor to the measured PM10 mass. This selec-
tion is critical for the M’Bour station which is located on the

Table 1. Annual precipitation measured at the three stations of the
Sahelian Dust Transect from 2006 to 2008.

Annual precipitation mm yr−1

Station 2006 2007 2008 3 yrs-mean Std. Dev.

Banizoumbou 503 456 701 553 130
Cinzana 708 911 696 772 121
M’Bour 570 321 568 486 143

sea side, South of the town of M’Bour (∼180 000–200 000
inhabitants). Thus, the collected PM10 mass in this station
can be significantly affected by particles of marine or anthro-
pogenic origins. Indeed, sea/land breezes are recorded al-
most everyday. Viana et al. (2002) report daily average PM10
concentrations of sea salts ranging between 3 and 20 µg m−3

measured in the Canary Islands, in the North tropical At-
lantic Ocean. However, to avoid situations where the domi-
nant aerosol is not dust, we excluded the data for which the
wind direction sectors corresponded to transport from the sea
or from the town of M’Bour, and thus we retain only data
for which the wind direction sector was included between 30
and 150◦. This criterion leads to a very high rejection rate,
especially during the wet season, where the monsoon flow
promotes a westerly direction of the surface wind. Typically,
on December or January, about 70% of the data are retained
while their rejection rate can reach 95% at the maximum of
the rain season (July and August).

At the two other stations, during the dry season, the Har-
mattan regime characterized by northern and north-eastern
surface winds generally prevails. The “Harmattan Front”
separates a low dusty layer in the North from an elevated
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biomass burning laden air to the South (Haywood et al.,
2008). However, incursion of the monsoon flow to the North
can occasionally occur during the dry season at the surface
level, allowing transport of biomass burning aerosol from
southern sources down to the ground level. An example of
such a biomass burning plume was identified in Banizoum-
bou based on the increase of the aerosol number concentra-
tion and the change in the aerosol angstrom exponent of the
aerosol optical depth during the dry season intensive exper-
imental phase of AMMA (SOP0; January–February 2006)
(Rajot et al., 2008). It does not produce a strong increase in
the aerosol mass concentration, since, for instance, a max-
imum of 9.6 µg m−3 was measured at Banizoumbou during
the large scale event of biomass burning transport over the
whole Sahel (Rajot et al., 2008; Hesse et al., 2008). Because
of the volatility of the organic fraction of biomass burning
aerosol, the total mass concentration could be higher than
the TEOM measurements. However, the organic matter mass
concentration measured in the biomass burning aerosol layer
over the region of Niamey during the SOP0 did not exceed
6 µg m−3 (Capes et al., 2008). Anyway, to avoid such sit-
uations, concentration measurements associated with South
wind sectors are discarded during the dry season months
(November to May) in Banizoumbou and Cinzana.

For the selected acquisition time step (5 min), a maximum
number of 288 data can be recorded every day. In Banizoum-
bou and Cinzana, this number is reached respectively 53%
and 48% of the time. The daily number of selected values is
higher than 100 for 97% of the time period. In Banizoumbou,
the total number of selected data falls to 144 for the first 15
days of January 2006, June–July 2006 and June 2007 due to
the 10 min averaging of the data set during the AMMA SOP
campaigns. The situation is quite different in M’Bour, due
to a larger occurrence of “forbidden” wind sectors. In addi-
tion, the number of selected data in M’Bour significantly de-
creases in the wet season due to the dominant monsoon flow.
As a result, the maximum number of 288 selected data is
reached only 2%, but daily numbers of selected values higher
than 100 are obtained 55% of the whole time period and close
to 70% during the dry season periods (October–April).

Globally, the data recovery rates for all stations are suffi-
ciently high to investigate the variability of the dust concen-
trations from the daily to the interannual times scales along
the SDT.

3 Results

3.1 Daily concentrations

From the 5 min concentrations measurements associated
with “dust wind sectors”, daily mean concentrations have
been computed, that can be used to investigate the temporal
variability for the three years of monitoring.

Daily mean concentrations span over 3 orders of mag-
nitude in Cinzana and M’Bour and even 4 orders of mag-
nitude in Banizoumbou (Fig. 2). For the three years of
measurements, the median values of the distribution are
87.2 µg m−3 in Banizoumbou, 75.3 µg m−3 in Cinzana, and
76.6 µg m−3 in M’Bour. About 40% of all the measured
concentrations are higher than 100 µg m−3 and less than
3% higher than 500 µg m−3. The maximum daily concen-
tration is slightly lower in M’Bour (2250 µg m−3) than in
Cinzana (2503 µg m−3) and much higher in Banizoumbou
(4020 µg m−3) The range of daily mean concentrations is
larger in Banizoumbou where more very low (<10 µg m−3)

and very high concentrations (>100 µg m−3) are recorded
compared to the two other stations. The daily mean concen-
trations in Cinzana and M’Bour exhibit similar distributions,
with slightly more very low and very high concentrations in
Cinzana. The differences between the stations can be partly
explained by their geographical location and by local precip-
itation conditions (Table 1). The station of Banizoumbou is
located in a more arid area than the station of Cinzana. In ad-
dition, it is closer from active sources such as the Bodélé de-
pression that has been identified as the origin of several dust
events during the dry season intensive experimental phase of
the AMMA program (SOP0) (Rajot et al., 2008). In average,
the station of M’Bour exhibits the lowest annual precipita-
tion but in this coastal area vegetation cover is much higher
than in the two other stations.

The daily mean PM10 concentrations measured on the
SDT appear as extremely high. To give a comparison, the
daily PM10 concentrations associated with dust over the three
years of monitoring exceed the European standard for air
quality (daily mean PM10 concentrations of 50 µg m−3) 240
days per year in Banizoumbou and Cinzana and 190 days per
year in M’Bour, while this standard should not be exceeded
during more than 35 days per year in Europe. They also ex-
ceed the daily USA air quality standard (daily mean PM10
concentrations of 150 µg m−3) 112 days per year in Bani-
zoumbou, 84 days per year in Cinzana and 55 days per year
in M’Bour.

The PM10 concentrations measured on the SDT can be
compared to mass concentration measurements obtained ei-
ther in other dust sources or in regions affected by the trans-
port of Saharan or Sahelian dust transport.

In the framework of the ADEC Experiment (Aeolian Dust
Experiment on Climate impact; Mikami, et al., 2002), PM11
concentrations have been measured in the northern part of the
Taklamakan desert from 2001 to 2004, by weighting filters
collected with an Andersen-like cascade impactor (Yabuki
et al., 2005). In Aksu, North of the Tarim Basin, the
minimum daily PM11 concentration ranges between 54 and
70 µg m−3. The maximum daily PM11 concentration ex-
hibits a much higher year-to-year variability. It was as low
as 645 µg m−3 in 2001 and as high as 3798 µg m−3 in 2003
but of the order of 2000 µg m−3 in 2002 (2632 µg m−3) and
2004 (1864 µg m−3). In Inner Mongolia (China), Hoffman
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Fig. 2. Relative distribution of the daily mean PM10 concentrations
from the three stations of the SDT between January 2006 and De-
cember 2008.

et al. (2008) derived the PM10 concentration from the num-
ber size distribution measured during the springs (March to
May) 2005 and 2006. The estimated average PM10 concen-
trations for the 34 sampled dust storms range from 189 to
9624 µg m−3, with a median value of 415 µg m−3.

Concentrations of mineral dust exported from the Saha-
ran have been measured over the Atlantic Ocean. In Cape
Verde Islands, total dust concentrations derived from ele-
mentary analysis of daily aerosol samples range between 65
and 264 µg m−3 during dust transport episodes (Chiapello
et al., 1997). In the Canary Islands, measurements from
the Gran Canaria and Tenerife Air Quality Monitoring Net-
works provides typical daily PM10 concentrations associated
with North African dust transport that can raise up to 600–
700 µg m−3 and up to 75 µg m−3 during the summer (Viana
et al., 2002). During the intensive field campaign of the
MINATROC European program, daily PM10 concentrations
of 312 µg m−3 have been measured in the free troposphere
in Izana (Canary Islands), while surface concentration was
85 µg m−3 (Alastuey et al., 2005).

The daily concentrations measured on the SDT appear
as very consistent with the concentrations measured during
Asian dust storms and measurements performed downwind
of Saharan sources. The extremely high daily PM10 con-
centrations measured in Banizoumbou are in the same order
of magnitude than the daily PM11 concentrations measured
in the Taklamakan desert and comparable to those obtained
in Inner Mongolia (China). The PM10 concentrations asso-
ciated with dust transport downwind of the Sahara over the
Atlantic Ocean are lower than those measured in the three
Sahelian stations of the SDT. This is consistent with the fact
that the SDT stations are located closer to the Saharan dust
source regions that the off-shore stations of Cape Verde and
Canary Islands.
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Fig. 3. Daily mean PM10 concentration and standard deviation
in Banizoumbou(a), Cinzana(b) and M’Bour (c) for the selected
“dust” wind sectors.

3.2 Seasonal pattern

The time-series of daily mean concentrations at the three sta-
tions have been plotted on Fig. 3. The daily means are as-
sociated with standard deviations of comparable magnitude
with the mean. A large day to day variability is also evi-
dent. At the three stations, a similar temporal pattern is ob-
served with a clear and persistent seasonal cycle character-
ized by a minimum in summer and a maximum in winter and
in spring. Daily concentrations higher than 100 µg m−3 are
recorded from about January to June, peaking between Jan-
uary and April. In May and June, i.e. at the very beginning
of the rainy season, single daily concentrations significantly
higher than the monthly “background” and associated with
large daily standard deviations are observed at the three sta-
tions. The lowest daily concentrations are recorded between
July and October. In M’Bour, the period of minimum con-
centration is slightly shifted toward the fall and the seasonal
contrast is not as marked as in the two other stations.

The comparison between the three stations shows the con-
sistency of the dust concentrations at the regional scale, in
terms of magnitude and of temporal pattern. A very distinc-
tive and persistent feature of this temporal pattern is the sea-
sonal cycle, with a 6 months “dust” season from January to
June. This is underlined by the 30-days sliding average of
the daily mean concentrations (Fig. 4). The same seasonal
trend is observed with a gradient in the intensity of the dust
concentration from East (Banizoumbou) to West (M’Bour).
This seasonal cycle is consistent with the average seasonal
cycle of the aerosol optical thickness observed in Banizoum-
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Fig. 4. Daily mean (black circle) and median (open circle) concen-
trations and 30-days sliding average on the daily mean (grey line) in
Banizoumbou(a), Cinzana(b) and M’Bour(d) from January 2006
to December 2008.

bou (2002–2004), Agoufou (Mali) (2005–2006) and Oua-
gadougou (Burkina-Faso) (1996–2003) by the sunphotome-
ters of the AERONET/PHOTONS network (Ogunjobi et al.,
2008).

Most of high daily concentrations are observed in the dry
phase of the Harmattan season while the minimum dust con-
centrations are recorded during the core of the Monsoon sea-
son. The succession of these two regimes is illustrated by the
temporal variations of the daily mean air moisture and of the
daily precipitations measured at the three stations (Fig. 5).
From November to March, water vapour content remains
very low, i.e. typically of the order of 5 µg m−3 in Cinzana
and M’Bour and even lower in Cinzana. Occasionally, sud-
den increases in air humidity are recorded, revealing some
incursions of moist air masses from the South. This was the
case, between 17 and 19 February 2006 where the southern
air flow lead to a biomass burning aerosol transport to Ban-
izoumbou (Rajot et al., 2008). A similar situation was also
recorded on 13 March 2008 in Banizoumbou. But from this
3-years monitoring, it appears that such incursions of south-
ern airflow to the surface at the latitude of the three stations
(∼13◦ N) is exceptional. From March to June, air humidity
increases regularly from 5 to 20 µg m−3, but large oscilla-
tions of short duration can be observed at this period. This
period corresponds to the transition from the dry season to
the wet season. As a general trend, the seasonal cycle ap-
pears as phased with the succession of the Harmattan dry
season and Monsoon wet season.
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Fig. 5. Daily mean air humidity (black) and daily precipitation (dark
grey) measured in Banizoumbou(a), Cinzana(b) and M’Bour (c)
from January 2006 to December 2008.

Precipitation starts at the end of May or beginning of June
in Banizoumbou and Cinzana and reaches a maximum in Au-
gust (Fig. 5). There is a slight shift in the beginning and max-
imum of precipitation in M’Bour where only 64% of the total
precipitation is recorded from June to August, compared to
80% in Banizoumbou and Cinzana. At this period, single
extremely high daily mean concentrations, as high as in the
Harmattan season, are recorded, associated with extremely
high daily standard deviations (Fig. 3). These high daily
means differ significantly from the daily median concentra-
tions, which is generally not the case for the high daily mean
observed in the dry season. Annual precipitation amount
and occurrence vary between the three stations. The aver-
age annual amount and occurrence are the highest in Cinzana
(772 mm yr−1 and 66 days per year). In Banizoumbou annual
precipitation is 553 mm yr−1 and it occurs 48 days per year.
M’Bour has a comparable precipitation occurrence (49 days
per year) but with lower annual precipitation (486 mm yr−1).
At the three stations, the temporal distribution of precipi-
tation can explain the minimum concentrations observed at
the maximum of the rainy season. However the observed
regional gradient in concentration is not consistent with the
difference in precipitation amount or occurrence at the three
stations. Comparable precipitation is recorded in Banizoum-
bou and M’Bour but concentrations are much higher in Bani-
zoumbou. On the opposite, Cinzana has much higher precip-
itation amount and occurrence but concentration levels are
slightly higher than M’Bour.
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Fig. 6. Daily mean surface wind velocity (line) and daily wind
direction (dots) in Banizoumbou(a), Cinzana(b) and M’Bour (c)
from January 2006 to December 2008 (note that the wind velocities
are lower in Cinzana due to a lower position of the wind sensor).

Since mineral dust is emitted and transported by the wind,
it is expected that the temporal and regional pattern of dust
concentration can be related to surface winds. Figure 6 repre-
sents the daily mean surface wind velocities and daily median
directions recorded at the three stations of the SDT for the
selected “dust” situations. In Banizoumbou and Cinzana, the
seasonal pattern of the wind direction clearly points out the
seasonal shift between the Harmattan and Monsoon. In the
dry season, wind direction is very stable ranges around East
direction (90◦) at Banizoumbou whereas it is closer to the
North East (45◦) at Cinzana and M’Bour. The wind direction
shifts to about 240◦ during the wet season but daily values
are more scattered than during the dry season. The selection
of the data as a function of wind sectors in M’Bour obviously
produces a biased picture especially during the rainy season,
with all wind directions within the “dust” sectors.

The temporal variation of the daily surface wind veloci-
ties does not exhibit such a contrasted succession of weather
regimes. However, a clear seasonal cycle is observed, charac-
terized by a maximum at the beginning of the wet season and
a minimum in fall, with some peaks of high surface winds in
the dry season. In Banizoumbou, the maximum daily mean
wind velocity is 6.3 m s−1 and the minimum 0.95 m s−1. In
Cinzana, the recorded surface wind velocities are lower due
to the fact that measurements are made at lower level (2.3 m)
than in Banizoumbou (6.5 m). The maximum daily surface
wind velocity is 4.85 m s−1 and the minimum 0.19 m s−1.
Assuming a roughness length of 0.05 m, i.e. of the order

of magnitude of roughness length measured over a Sahelian
field (Bielders et al., 2004), and neutral conditions, the sur-
face wind velocity at 6.5 m can be estimated. The maximum
wind velocity is then 6.1 m s−1 and the minimum 0.24 m s−1,
i.e. the same order of magnitude than the one measured in
Banizoumbou. Surface winds are lower in M’Bour, with a
maximum of 4.5 m s−1 and a minimum of 0.32 m s−1. A
similar seasonal pattern of the surface wind velocity has been
observed in Mali (Agoufou, 15◦20′ N; 1◦28′ W), in the cen-
tral part of the Sahel (Guichard et al., 2009). In this region,
the maximum wind velocity is recorded in June and is driven
by the difference in the diurnal cycle of the surface wind ve-
locity between the dry and the wet season. Indeed the ampli-
tude of the diurnal cycle of the wind velocity is larger in the
dry season, due to very low night-time surface wind velocity.
This is verified and confirmed by our data set for the stations
of Cinzana and Banizoumbou (not shown). Such verification
was not possible in M’Bour due to the daily shift in wind
direction induced by the sea and land breezes.

The seasonal cycle of the surface wind velocity does not
appear as phased with the seasonal cycle of the dust concen-
trations. The winter/spring dust concentration maximum is
associated with the Harmattan regime during which the daily
mean surface winds are relatively low. However, dust emis-
sion is a process involving a threshold wind velocity (Bag-
nold, 1941), and can thus result from short duration episodes
of high wind velocity. Periods of high winds at the sub-daily
scale may not be properly reflected by the daily means. From
the nominal 5-min measurements, the daily frequencies of
high surface wind velocities have been computed. To partly
compensate the difference in the level of the measurements at
the three stations, the threshold was set to 6 m s−1 in Cinzana
and to 7 m s−1 in Banizoumbou and M’Bour. The frequency
of high winds and the duration of the period of high winds de-
crease from Banizoumbou to M’Bour (Fig. 7). In Banizoum-
bou the highest frequencies of high surface wind speeds are
recorded from March to July and even from January in 2008.
In Cinzana, they are recorded from April to July for the 3
years. About 60% of the cases in Banizoumbou and 80% in
Cinzana are found within this period. The situation is not so
clear in M’Bour, partly due to the data selection. However,
in the selected dust wind sectors, the highest relative occur-
rence of high winds are recorded in June and July. From the
Fig. 7, it thus appears that the maximum in the frequency of
high winds is generally delayed compared to the maximum
of the daily dust concentrations. As a result, the period with
the highest daily concentrations is not associated with a high
frequency of strong surface wind velocities.

These data show that the results obtained during the
AMMA SOP0 in the dry season in Banizoumbou (Rajot et
al., 2008) can be generalized at the seasonal and regional
scales. They strongly suggest that the maximum of the sea-
sonal cycle of dust concentrations is due to long range trans-
port of Saharan dust and not to locally emitted dust. This
maximum is consistent with the maximum of dust emission
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Fig. 7. Monthly frequency of high wind speeds (black bars :
>7 m s−1; grey bars :>6 m s−1) and monthly mean concentration
of dust (black line with black circles) in Banizoumbou(a), Cinzana
(b) and M’Bour(c) from January 2006 to December 2008.

simulated over the Western Sahara and driven by surface
winds in source regions (Marticorena and Bergametti, 1995;
Marticorena and Bergametti, 1996; Laurent et al., 2008). Sa-
haran dust can be very efficiently transported toward the Sa-
hel and produce high surface concentrations since at this pe-
riod, dust transport occurs mainly in the surface layers (Léon
et al., 2009; Cavalieri et al., 2010). The difference in the
level of concentration between the stations can be explained
by differences in the distance from the stations to active dust
sources. Considering the direction of the Harmattan winds,
the station of Banizoumbou, where the highest daily concen-
trations are recorded is located downwind of the Bodélé De-
pression, known to be one of the most active sources of the
Sahara (Prospero et al., 2002) but also downwind sources lo-
cated East of the Tibesti and North of the Aı̈r (Laurent et
al., 2008) and even West of the Aı̈r and North of Mali (Ra-
jot et al., 2008). The station of Cinzana can be impacted
by the same sources, but with a dilution of the dust plumes
compared to Banizoumbou (see part 3). Regarding its ge-
ographical location, the station of M’Bour can be impacted
by the large source area identified in the north-western Mau-
ritania, on both sides of the border between Mauritania and
Mali (i.e., the southern part of the Chech Erg, 21◦ N–24◦ N;
8◦ W–2◦ W) (Laurent et al., 2008). A systematic analysis of

the backward trajectories of air masses associated with the
dust events recorded during the dry season would be required
to further quantify the impact of the different Saharan dust
sources on the dust concentrations measured at the three sta-
tions.

By the end of the dust period, the highest frequencies of
high surface winds correspond to a period where extreme
daily mean concentrations, as high as the highest concen-
trations measured in the dry season, are recorded. This sug-
gests that local dust emissions occur at the station or close
to the station. This period is characterized by the begin-
ning of the convective activity that brings most of the pre-
cipitation to the Sahel (Laurent et al., 1998). Based on a
4-year monitoring of aeolian activity over a cultivated field
and a fallow in Banizoumbou, Rajot (2001) found that dust
emission at this latitude was mostly due to the high surface
winds in the front of the convective systems occurring at the
beginning of the wet season. These extremely high daily
means sharply peak above the background concentrations.
They also differ strongly from the daily median concentra-
tions (Fig. 3), which is generally not the case during the dry
season. This indicates the PM10 concentrations measured
during these days are not normally distributed, but biased by
a small number of extremely high values recorded during a
short time period. This behaviour also sustains the hypoth-
esis that dust emissions by convective systems are responsi-
ble for the high daily concentrations at the beginning of the
wet season. It must be noted that this can explain the sec-
ondary maximum detected in June on the monthly aerosol
optical depth in Banizoumbou, Agoufou and Ouagadougou
that the authors attributed to local dust sources (Ogunjobi et
al., 2008).

The minimum concentrations are recorded during sum-
mer, in the middle or end of the monsoon season. This is
the period where precipitations are the most frequent and the
most intense and can thus induce strong wet deposition of
dust transported from remote desert areas. Precipitation can
also inhibit the local dust emissions by an increase in soil
moisture and by the seasonal growth of vegetation (Rajot,
2001). In addition, the daily surface winds and the frequency
of high surface winds tend to decrease from the beginning to
the middle of the wet season. This is consistent with Mar-
sham et al. (2008), who suggested that the higher downdraft
convective available potential energy (from a drier midtropo-
sphere) during the monsoon onset compared with retreat that
may lead to higher surface winds from MCSs (with more
dust) during onset compared with retreat. This indicates that
the intraseasonal variations of the surface wind velocity in
the front of the MCS and the associated precipitation act to-
gether to decrease the local dust emission and surface con-
centrations.
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Fig. 8. Monthly mean concentrations (black) and monthly frequen-
cies of daily concentrations higher than 150 µg m−3 (grey) in Ban-
izoumbou(a), Cinzana(b) and M’Bour (c) from January 2006 to
December 2008 (For M’Bour, values are given only if the number
of daily data per month is higher than 15).

To further investigate the seasonal pattern of mineral dust
along the SDT, we computed the monthly frequency of high
dust concentrations. The frequency of daily concentrations
higher than 150 µg m−3 exhibits a similar seasonal cycle at
the three stations (Fig. 8). The maxima are observed at the
same period than the dust monthly concentrations maxima.
Despite an east-western gradient, the range of frequencies
of high dust concentration is similar at the three stations
with maximum values of the order of 75%. It appears that
the monthly frequency of daily concentrations higher than
150 µg/m3 exhibits temporal variations that are comparable
to those of the monthly concentrations (Fig. 8). The high-
est monthly concentrations (March 2006, 2007, 2008, Jan-
uary 2007) (Fig. 7) are associated with the highest number
of days with high dust concentration (13 to 23 days). On
the opposite, no daily concentration higher than 150 µg m−3

is recorded at the period where the monthly concentrations
are minimum, i.e. typically in August, September and Oc-
tober. The year to year variability of the seasonal pattern is
the same for the monthly concentration and the frequency of
high concentrations. The year to year variations in the am-
plitude of the seasonal cycle vary in the same manner for
the frequency of high dust concentrations as for the monthly
mean concentrations. For the three years and the three sta-
tions, the frequency of high concentrations and the monthly
mean concentrations are strongly correlated (r2 > 0.8). This
indicates that the seasonal cycle of surface dust concentra-
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Fig. 9. 30-days sliding average of the daily mean concentration at
the three stations of the Sahelian Dust Transect from January 2006
to December 2008.

tions and its interannual variability are largely controlled by
the occurrence (number and duration) of high dust concen-
trations during the dry season.

From these results, a general seasonal pattern of mineral
dust is clearly identified over the Sahelian Dust Transect, that
appears as a typical trend of the mineral dust surface concen-
trations over West Africa. Saharan dust transport is found to
be the main responsible for the maximum of surface concen-
trations recorded between winter and spring over the Sahel.
The differences in the dust concentrations observed in the
three stations could be explained by the differences in the
distance from the stations to the different Saharan source-
regions. Extremely high daily dust concentrations are ob-
served at the end of the spring and early summer, i.e. at the
period where MCS associated with high surface wind veloc-
ities occur. As a result, local dust emission seems to play a
significant role in the surface concentrations measured dur-
ing this period. The decrease of the surface winds and the
increase in precipitation amounts from the beginning to the
middle of the wet season both contribute to the decrease in
the daily dust concentrations at this period. The minimum
dust concentrations recorded in the fall reflect the absence of
local dust emission and the low level of dust emission activ-
ity over the Sahara (Laurent et al., 2008). Our results suggest
that all along the year, i.e. both in dry and wet season, the
number and duration of the dust events largely control the
dust concentrations seasonal cycle and its interannual vari-
ability.

3.3 Typical dust events

Compared to the monthly mean concentration, the 30-days
sliding average concentrations exhibit a large day to day vari-
ability. For example, in March 2006, January 2007, March
2007, December 2008, a significant increase of the 30-days
average concentrations is observed in all three stations. This
suggests that intense dust transport occurs during several
days at the scale of the whole Sahara and Sahel and is thus
recorded at the three stations. Such a huge continental dust
storm affecting the whole Sahara and West Africa in March
2006 was well described by Slingo et al. (2006) and Tulet
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et al. (2008) and will be detailed below for the 3 stations.
A dust event of high intensity but shorter duration has also
been observed out of the “dust season”, from 5 to 7 Novem-
ber 2007 during which daily concentrations up to 750 µg m−3

have been measured. In other cases, the increase in the slid-
ing average is observed in Banizoumbou and Cinzana only
(April 2007; February 2008), or in Banizoumbou only (De-
cember 2007) and sometimes in M’Bour only (October 2006
and 2008). However, this result tends to indicate that the ma-
jor dust events observed over West Africa have regional to
continental extent. This provides further insight on the dust
seasonal cycle. In addition to a highest dust load, a high-
est probability of dust events occurrence is found at the end
of winter and in spring. But even with a low probability of
occurrence, a very intense dust event can occur at any time
during the dry season, and especially in late fall. In addition,
high values in the 30-days sliding average concentrations are
observed in June in Banizoumbou and Cinzana due to the ex-
tremely high daily values associated with convective activity
over the region.

In the following we illustrate the contrasted temporal pat-
tern of dust events typically observed during the dry and the
wet seasons.

3.3.1 Dry season dust events

A typical but extreme example of a dry season dust event is
given by the dust storm of March 2006. This dust storm, de-
scribed by Slingo et al. (2006) and further analysed by Tulet
et al. (2008) was initiated by a cold front in the lee of the At-
las that progressed southward and westward, producing dust
emissions all along its path. A comparable storm, in terms of
spatial extend and duration was recorded in 2004 (Knippertz
and Fink, 2006).

The spreading of this huge plume leads to the highest 5-
min concentrations recorded in the dry season at the three
stations during the 3 years monitoring. A first rapid increase
of surface concentration is recorded at the station of Bani-
zoumbou on 7 March (∼09:00). Surface concentration ini-
tially ranging from 44 to 96 µg m−3 raised to 2383 µg m−3

within 80 min (Fig. 10). A similar but less intense increase
in the surface concentration is recorded a few hours later
in Cinzana (∼15:00), with concentrations rising from about
100 µg m−3 up to 1000 µg m−3. The storm finally reached
M’Bour one day later (8 March), leading to one order of
magnitude increase of the surface concentrations (from 100
to 1470 µg m−3). During this event, the maximum recorded
PM10 concentration was of the order of 5000 µg m−3 in
Banizoumbou, 3500 µg m−3 in Cinzana and 2500 µg m−3 in
M’Bour. This timing is confirmed by the sequences of im-
ages given on Fig. 11. This figure shows several images of
SEVIRI (Spinning Enhanced Visible and Infrared Imager)
special dust products made from EUMETSAT (European Or-
ganisation for the Exploitation of Meteorological Satellites)
algorithm and data base available on the RADAGAST ((Ra-

0

2500

5000

7-Mar 8-Mar 9-Mar 10-Mar 11-Mar 12-Mar

C
on

ce
nt

ra
tio

n 
(µ

g.
m

-3
)

Banizoumbou
Cinzana
M'Bour

 

 

Fig. 10. 5-min mean PM10 concentrations measured in Banizoum-
bou (Niger), Cinzana (Mali) and M’Bour (Senegal) from 7 to 12
March 2006.

diative Atmospheric Divergence using Arm mobile Facility,
GERB and AMMA Stations) home page. These images il-
lustrate the evolution of the dust plumes from 7 to 9 March
2006, the presence of dust being represented by the pink and
magenta colours and the location of the stations by stars. The
image of 8 March 2006 at 10:15 shows that at this time, the
station of Banizoumbou is overpassed by a dust plume, while
another dust plume is located North-West of the station of
Cinzana. Several dust clouds spread over the Sahara, pro-
gressing southward. On the early morning of 8 March, all
this plumes have produced a large dust cloud present over the
three stations. In the afternoon of 8 March, additional dust
plumes are observed North-East of the stations of Banizoum-
bou and Cinzana, that tends to form again a huge dust cloud
over the three stations in the morning of 9 March. From these
images, the temporal pattern of this event and the difference
in the relative intensity of the dust peaks at the three stations
can be explained by differences in the dust plumes, i.e. in the
dust sources that impacted the stations.

In addition to these features, some variability at the sub-
daily scale is observed at the three stations. The dust concen-
trations tend to follow the diurnal variations of the surface
wind velocity (not shown). The diurnal cycle of the surface
wind exhibits a maximum in the morning due to the mixing
of momentum from the nocturnal low level jet (Parker et al.,
2005). As already described by Rajot et al. (2008), the diur-
nal cycle of the dust concentrations is super-imposed to the
synoptic scale intense dust transport, that explains the vari-
ations in the intensity of the daily concentration maximum
from one day to the other.

Shorter periods of high dust concentration can also be ob-
served during the dry season, that last only one day. This is
typically the case in the station of M’Bour, whose location al-
lows the transport of dust from sources that do not impact the
two other stations, such as the one located North and North-
East Mauritania, North of Mali or along the Atlantic coast
(Mauritania and Western Sahara) (Laurent et al., 2008). An
example of such a short duration dust event was observed on
29 May 2006. As illustrated on Fig. 12 the concentration
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07th March – 10h15 UTC 08th March – 04h15 UTC 

08th March – 16h30 UTC 09th March – 10h30 UTC 

Fig. 11. SEVIRI special dust and pseudo visible products generates using Eumetsat algorithm and data from Eumetsat (infrared channels
12.0, 10.8 and 8.7 mm) of the SEVIRI by the RADAGAST Team (Radiative Atmospheric Divergence using Arm mobile Facility, GERB
and AMMA stations: on 7 March 2006 at 10:15, on 8 March 2006 at 04:15 and 16:30 and on 9 March 2006 at 10:30. Dust appears pink
or magenta and thick high-level clouds appear in red- brown, showing the presence of convective systems. The yellow stars represent the
stations of M’Bour (left), Cinzana (center) and Banizoumbou (right).
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Fig. 12. 5-min PM10 concentrations (black dots) and surface wind
velocities (black line) measured in M’Bour from 28 to 31 May
2006.

raised from values less than 150 µg m−3 the previous day to
concentrations higher than 1000 µg m−3 at noon. This event
is associated with AOD ranging between 1 and 1.5, high OMI
aerosol indices and backward trajectories having a northern
origin. Once again, a diurnal cycle of the concentration is
observed, similar to the diurnal cycle of the surface wind ve-
locity. But it is also very clear in this case that the concentra-
tions are not correlated with surface wind velocity and thus
not due to local dust emissions, since comparable wind ve-
locities recorded on the day before are not accompanied by
comparable dust concentrations.

The dry season dust events are responsible for the max-
imum monthly mean dust concentrations. Their durations
range between 1 and 6 days, with an average duration of
2.5 days. Each year, 20 to 30 dust events are recorded at

each station during the dry season. Many of these events
are recorded by two or three stations of the SDT, suggesting
their regional to continental extent. These events are not as-
sociated with intense local winds and thus not due to local
dust emissions. They result from mineral dust transport from
different Saharan sources, depending on the period and on
the location of the station. A further step in the interpreta-
tion of these results would be to identify the meteorological
situations responsible for these dust events. Indeed, in addi-
tion to the continental dust storms identified in March 2004
(Knippertz and Fink, 2006) and March 2006 (Slingo et al.,
2006; Tulet et al., 2007), several meso-scale patterns of Sa-
haran dust emissions and redistribution have been recently
identified based on observations from the AMMA program
(e.g. Flamant et al., 2007, 2009; BouKaram et al., 2008), the
SAMUM experiments (Saharan Mineral Dust Experiment;
May 2006; Morocco) (e.g. Knippertz et al., 2007, 2009) or
the GERBIL field campaign (Geostationary Earth Radiation
Budget Intercomparison of Longwave and Shortwave Radia-
tion, June 2007; Niger to Mauritania)(Marsham et al., 2008).
However, it is difficult to evaluate their relative and respec-
tive role without a systematic investigation of the involved
meteorological processes over a representative time scale.
The data set collected on the SDT can constitute a valuable
contribution for developing such an approach and identify
the main pattern responsible for Saharan dust emissions and
transport toward the Sahel and the Atlantic Ocean.

Atmos. Chem. Phys., 10, 8899–8915, 2010 www.atmos-chem-phys.net/10/8899/2010/



B. Marticorena et al.: Temporal variability of mineral dust concentrations over West Africa 8911

0

45

90

135

180

225

270

315

360

6/5/06 0:00 6/5/06 12:00 6/6/06 0:00 6/6/06 12:00 6/7/0 6 0:00 6/7/06 12:00 6/8/06 0:00

W
in

d 
di

re
ct

io
n 

(°)

0

2

4

6

8

10

12

W
ind velocity (m

.s
-1)

 

Fig. 13. 5-min surface wind directions (grey dots) and velocities
(black line) measured in Cinzana from 5 to 8 June 2006.

3.3.2 Wet season dust events

To illustrate and analyse the type of events recorded during
the wet season, the period of 4 to 8 June 2006 in Cinzana has
been selected. During this period, two sudden and strong in-
creases of the surface wind velocity have been recorded, as-
sociated with a sudden change in the wind direction (Fig. 13).
On the evenings of 5 (21:30) and 7 June (18:50), very sharp
increases in the surface wind velocity are recorded (from 0.7
to 10.5 m s−1 on 5 and from 1 to 9.5 m s−1 on 7 June). In
both cases, wind direction shifts from a northern (300–360◦;
0–20◦) to an eastern or south-eastern direction (100–150◦) in
less than 15 min. Such sudden changes in the wind veloc-
ity and direction are the typical signature of the passage of
mesoscale convective systems. Similar increase of the sur-
face winds has been described for a “black storm”, i.e. the
most intense dust storms in Asia, caused by a squall line on
5 May 1993, with reported surface wind velocities higher
than 20 m s−1, reaching locally 37.9 m s−1 (Takemi, 1999).
The presence of convective systems influencing the station
of Cinzana at these two dates is confirmed by the SEVIRI
special dust and pseudo visible products (Fig. 14). The im-
age of 5 June at 21:30 shows the presence of a huge cloud
(∼5◦

×5◦) centred south of Cinzana, generating a dust plume
on its northern edge. This convective system was gener-
ated from a small cell located over Niger (15◦ N; 0–2◦ E) in
the morning (∼09:00, Fig. 14) that progressively grew and
moved south-eastward. A similar situation is observed on 7
June at 19:00, with a MCS of comparable size that initially
forms North of Benin (12–12◦ N; 2◦ E) in the early morning
(05:00, Fig. 14) and progresses eastward during the day.

Simultaneously to the surface wind velocity increase, dust
concentration increased by two orders of magnitude in less
than 10 min (Fig. 15), reaching 5-min average values as high
as 14 000 µg m−3. Then the dust concentrations continuously
decrease during several hours, while the monsoon flow is
progressively restored. The concentrations are then one or-
der of magnitude lower than before the dust event, even if no
rain is recorded. This can be explained by the progressive
return to southern wind sectors where the air mass was not

impacted by the dust emitted by the convective system.
It is clear from Fig. 15 that during the passage of the MCS,

dust concentrations and wind velocity have the same tempo-
ral variations, while it is not the case out of these periods.
When plotting the dust concentrations as a function of the
wind velocity (Fig. 16), it can be seen that extremely in-
tense dust concentrations occur only for local wind veloci-
ties higher than 5 m s−1. In fact, such high wind velocities
are encountered only when MCS are passing above the sta-
tion. During the passage of the MCS, dust concentrations are
well correlated with the surface wind velocity (r2

= 0.79 on
5 June andr2

= 0.84 on 7 June for a logarithmic regression)
while the correlation is lower than 0.5 out of these events.
Such a relation clearly indicates that dust concentrations cor-
respond to local dust emission and transport.

From these results, it appears that the summer dust events
are mainly controlled by local surface wind velocity and thus
due to local dust emissions by MCS’s. Such events generally
last no more than a few hours but with extremely high con-
centrations, which explains the difference between the daily
mean and median concentrations. In Banizoumbou and Cin-
zana, the recorded high daily concentrations are systemati-
cally associated to the typical meteorological pattern (change
in wind direction, increase of the surface winds and syn-
chronous increase in dust concentration. The maximum 5-
min dust concentrations are higher at the very beginning of
the wet season, mainly because the 5-min surface winds are
higher at this period and precipitation rates are relatively low.
When progressing in the wet season, they are associated with
increasing precipitation rates. 15 to 20 of such events are ob-
served every year in Cinzana and M’Bour between May and
August. Surface wind and precipitation are thus playing a
key role in variability of the daily dust concentrations during
the wet season. Further analysis based on a systematic detec-
tion of these events is necessary to estimate to what extend
they contribute to the seasonal and interannual variability of
the atmospheric dust content in summer over West Africa.
Such an approach was developed to investigate the role of
mesoscale cloud systems on the development of dust storms
over Asia using synoptic data of dust weather (Takemi and
Seino, 2005).

4 Conclusions

In the framework of the AMMA Extensive Observation Pe-
riod, surface concentrations of PM10 and surface meteoro-
logical conditions have been monitored from January 2006
to December 2008 in three stations located along the main
transport pathway of Saharan and Sahelian Dust toward the
Atlantic Ocean: Banizoumbou (Niger), Cinzana (Mali) and
M’Bour (Senegal). Regarding the local environmental con-
ditions in terms of dust content and temperature, the data re-
covery rates (from∼70 to 99%) are remarkable at the three
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07th June – 19h00 UTC 

05th June – 21h30 UTC 05th June – 09h00 UTC 

07th June – 05h00 UTC 

Fig. 14. SEVIRI special dust and pseudo visible products generates using Eumetsat algorithm and data from Eumetsat (infrared channels
12.0, 10.8 and 8.7 mm) of the SEVIRI by the RADAGAST Team (Radiative Atmospheric Divergence using Arm mobile Facility, GERB
and AMMA stations: on 5 June 2006 at 09:00 and 21:30 and on 7 June 2006 at 05:00 and 19:00. Dust appears pink or magenta and thick
high-level clouds appear in red-brown, showing the presence of convective systems. The yellow star represents the station of Cinzana (Mali).
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Fig. 15. 5-min surface wind velocities (black line) and PM10 con-
centrations measured in Cinzana from 5 to 8 June 2006.

stations due to the resistance of the selected instrumentation
and to the efficiency of the local technical support.

The daily mean PM0 concentrations associated with min-
eral dust spread over three orders of magnitude, from less
than 10 µg m−3 to more than 1000 µg m−3. Daily concen-
trations exhibit a similar seasonal cycle at the three stations,
characterized by a maximum in late winter and spring and a
minimum in summer. A gradient in the dust concentrations
is observed from Banizoumbou to M’Bour, i.e. from East to
West.

The analysis of the local meteorological conditions and in
particular of the surface wind velocities and directions al-
lowed to identify the different types of events responsible for
this seasonal cycle. The winter-spring maximum of dust con-
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Fig. 16. 5-min PM10 concentrations as a function of the 5-min sur-
face wind velocities measured in MCS and no MCS conditions in
Cinzana from 5 to 8 June 2006.

centrations appears to be due to Saharan dust transport and
not local dust emissions. During the dry season, the variabil-
ity of the dust concentrations measured along the transect
mainly reflects the variability in the dust emission by differ-
ent sources of Sahara. The duration of Saharan dust transport
events ranges from 1 to 6 days, leading to local to continental
dust plumes. On the opposite, extremely high daily concen-
trations and monthly means are recorded at the beginning of
the rainy season, i.e. from the end of May to the end of July.
These high concentrations have been found to be linked to the
maximum daily surface winds and the highest frequency of
high surface winds. These high surface winds are produced
by the passage of Mesoscale Convective Systems (MCS) that
also bring precipitation in the Sahel. The correlation between
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surface winds and surface concentrations during the passage
of such MCS indicates that the dust concentrations are due
to local dust emissions. The events are extremely intense (5-
min concentrations of the order or higher than 10 mg m−3)

but of short duration (generally less than 1 h). The decrease
of the surface wind velocity and of the occurrence of high
surface winds and the increase of the precipitation rates dur-
ing the wet season may be among the factors explaining the
minimum of dust concentration observed from the end of
July to the beginning of September. This minimum coincides
with the maximum in precipitation rates which inhibits dust
emission by increasing soil moisture and vegetation cover,
but which also suggests an additional influence of wet scav-
enging of dust concentration.

Both in dry and wet season, the intraseasonal and inter-
annual variability of the dust concentrations appears as con-
nected to the frequency of intense dust events, i.e. to their
number and duration. A systematic detection of the different
types of dust events recorded during the dry and wet sea-
sons associated with an analysis of the synoptic situations
and air mass backward trajectories in the dry season or a spe-
cific analysis of the MCS’s characteristics in the wet season
is now required to further investigate the variability of the
dust concentrations at these time-scales. Due to the selected
acquisition rates, this data set also offers a unique opportu-
nity to investigate the diurnal cycle of the dust concentrations
at the regional scale.

Finally these results illustrate the fact that, when operated
with a relevant acquisition step and over a long time period,
relatively basic measurements provide a unique insight on
the variability of the dust content over West Africa, that can
be given neither by synoptic measurements (horizontal visi-
bility) nor by photometric measurements (day time AOD) or
satellite observations.
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2001.

Reid, J. S., Kinney, J. E., Westphal, D. L., Holben, B. N., Welton,
E. J., Tsay, S. C., Eleuterio, D. P., Campbell, J. R., Christopher,
S. A., Colarco, P. R., Jonsson H. H., Livingston J. M., Mar-
ing H. B., Meier M. L., Pilewskie P., Prospero J. M., Reid, E.
A., Remer, L. A., Russell, P. B., Savoie, D. L., Smirnov, A.,
and Tanre, D.: Analysis of measurements of Saharan dust by
airborne and ground-based remote sensing methods during the
Puerto Rico Dust Experiment (PRIDE), J. Geophys. Res., 108,
8586, doi:10.1029/2002JD002493, 2003.

Savoie, D. L. and Prospero, J. M.: Aerosol concentration statistics
for the northern Tropopical Atlantic, J. Geophys. Res., 82(37),
5954–5964, 1977.

Slingo, A., Ackerman, T. P., Allan, R. P., Kassianov, E. I., Mc-
Farlane, S. A., Robinson, G. J., Barnard, J. C., Miller, M.
A., Harries, J. E., Russell, J. E., and Dewitte, S.: Observa-
tions of the impact of a major Saharan dust storm on the at-
mospheric radiation balance, Geophys. Res. Lett., 33, L24817,
doi:10.1029/2006GL027869, 2006.

Sokolik, I. N. and Toon, O. B.: Incorporation of mineralogical com-
position into models of the radiative properties of mineral aerosol
from UV to IR wavelengths, J. Geophys. Res., 104, 9423–9444,
1999.

Takemi, T.: Structure and Evolution of a Severe Squall Line over
the Arid Region in Northwest China, Mon. Weather Rev., 127,
1301–1309, 1999.

Takemi, T. and Seino, N.: Dust storms and cyclone tracks over
the arid regions in east Asia in spring, J. Geophys. Res., 110,
D18S11, doi:10.1029/2004JD004698, 2005.

Thomson, M. C., Molesworth, A. M., Djingarey, M. H., Yameogo,
K. R., Belanger, F., and Cuevas, L. E.: Potential of environmen-
tal models to predict meningitis epidemics in Africa, Tropical
Medicine and International Health, 11(6), 781–788, 2006.

Tompkins, A. M., Cardinali, C., Morcrette, J.-J., and Rod-
well, M.: Influence of aerosol climatology on forecasts of
the African Easterly Jet, Geophys. Res. Lett., 32, L10801,
doi:10.1029/2004GL022189, 2005.

Torres, O., Bhartia, P. K., Herman, J. R., Ahmad, Z., and Gleason,
J.: Derivation of aerosol properties from satellite measurements
of backscattered ultraviolet radiation: Theoretical basis, J. Geo-
phys. Res., 103, 17099–17110, 1998.

Tulet, P., Mallet, M., Pont, V., Pelon, J., and Boone, A.: The 7–
13 March 2006 dust storm over West Africa: Generation, trans-
port, and vertical stratification, J. Geophys. Res., 113, D00C08,
doi:10.1029/2008JD009871, 2008.

Viana, M., Querol, X., Alastuey, A., Cuevas, E., and Rodrı́gueza,
S.: Influence of African dust on the levels of atmospheric partic-
ulates in the Canary Islands air quality network, Atmos. Environ.,
36, 5861–5875, 2002.

Yabuki, S., Mikami, M., Nakamura, Y., Kanayama S., Fu, F., Liu,
M., and Zhou, H.: The Characteristics of Atmospheric Aerosol
at Aksu, an Asian Dust-Source Region of North-West China:
A Summary of Observations over the Three Years from March
2001 to April 2004, J. Meteorol. Soc. Jpn., 83A, 45–72, 2005.

www.atmos-chem-phys.net/10/8899/2010/ Atmos. Chem. Phys., 10, 8899–8915, 2010


