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Atmospheric controls on the annual cycle of North African dust
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[1] Dust emitted from desert regions and transported in the atmosphere has been
recognized for its potential to alter the Earth’s climate and environments. Satellite data
show that the largest source regions of dust (i.e., hot spots) are located in dry,
nonvegetated areas of West Africa and central Chad. Dust emissions from these sources
follow a distinct seasonal cycle. Whereas our understanding of processes controlling the
dust cycle of the Chad dust source has been improved through recent studies, our
understanding of the West African sources is limited because of the remoteness of the
sources and lack of surface observations. Using a satellite-derived dust index and
reanalysis atmospheric fields, we show that the annual dust cycle at the West African
dust hot spots is not related to changes in mean surface wind strength but is linked to
small-scale high-wind events. We find that the annual dust cycle correlates well with
changes in near-surface convergence associated with the annual north-south movement
of the Inter-Tropical Convergence Zone (ITCZ). Dust emissions in West Africa are highest
in June coinciding with the crossing of the convergence zone on its northward bound
over the dust hot spots. The increase in convergence leads to enhanced surface gustiness
suggesting that dry convection associated with an increase in the occurrence of small-scale

high-wind events and vertical velocity are the main processes controlling the annual

dust cycle at the West African dust sources.
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1. Introduction

[2] Mineral aerosols from the world’s desert regions have
the potential to impact the climate system by altering the
Earth’s radiation budget [Alpert et al., 2000; Andreae et al.,
2005; Kaufman et al., 2002] by scattering and absorbing
incoming solar radiation, absorbing terrestrial radiation and
changing the physical properties of clouds, such as bright-
ness, spatial extent, lifetime or their ability to produce
rainfall [Levin et al., 1996; Rosenfeld et al., 2001; Wurzler
et al., 2000]. The magnitude of the radiative forcing and
even the sign (whether the dust forcing will result in a
cooling or warming of the Earth’s surface) are highly
uncertain with estimates ranging from —0.6 to +0.4 Wm 2
[Ramaswamy et al., 2001]. Possible feedback mechanisms
can increase or decrease the radiative forcing effect, al-
though some recent studies suggest the dust has a net
cooling effect [Myhre et al., 2003; Perlwitz et al., 2001].

[3] An estimated half of the world’s atmospheric dust
originates from the North African deserts with emission
estimates ranging from 160—760 x 10° tonnes per year
[Goudie and Middleton, 2001, and references therein], with
a recent study suggesting 1600 x 10° tonnes per year [Ozer,
2001]. Because dust can travel long distances in the
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atmosphere, it can affect natural and human environments
far away from its source. Dust from North Africa is thought
to impact ecosystems off the American coast [Shinn et al.,
2000; Walsh and Steidinger, 2001] and in Puerto Rico
[Stallard, 2001], may alter biogeochemical cycles in the
Amazon Basin [Swap et al., 1992] and the Atlantic Ocean
[Jickells et al., 2005; Talbot et al., 1986], and may be a
potential threat to human health in the Sahel [Sultan et al.,
2005] and North America [Prospero, 1999; Shinn et al.,
2003]. The Saharan Air Layer (SAL), an elevated layer of
air and mineral Saharan dust between about 500—850 hPa,
may also impact the development of tropical cyclones which
occur over the tropical Atlantic between 10°N and 20°N by
inhibiting their ability to intensify [Dunion and Velden, 2004].

[4] Because of the important role that dust might play in
future climate change and its potential to impact the Earth’s
ecosystems and natural and human environments, it is
important to know where the major dust sources are, how
dust concentrations vary in space and time and what
controls this variability. Because of advancements in satel-
lite technology, we now have a better understanding of
where major dust sources in North Africa are and where the
dust is transported within the atmosphere [e.g., Brooks and
Legrand, 2000; Chiapello and Moulin, 2002; Israelevich et
al., 2002; Middleton and Goudie, 2001; Moulin et al., 1998;
Prospero et al., 2002; Washington et al., 2003]. Major dust
producing areas in North Africa, as identified by the long-
term mean of the satellite derived Total Ozone Mapping
Spectrometer absorbing Aerosol Index (TOMS Al)
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Figure 1. Long-term mean TOMS Al (x10) over Africa north of the equator (filled contours) calculated

using data from 1980—1992. Long-term mean (1961 —1990) precipitation (black isohyets) is derived from
a 0.5° by 0.5° rainfall data set [New et al., 1999]. West African major dust hot spots are indicated as WA,
WA2, and WA3 and the Bodélé Depression in Chad as BOD.

[Herman et al., 1997], are a region in central Chad known
as the Bodélé Depression (marked as BOD) and a large
region in West Africa covering areas of Mauritania, Mali
and Algeria (three hot spots marked as WA1, WA2 and
WA3) (Figure 1).

[s] Both satellite and surface observations show that
North African dust emissions follow a distinct seasonal
cycle with periods of high dust activity (e.g., western Africa
in early summer) and periods that appear almost dust free
(e.g., November—December) (Figure 2). Surface observa-
tions from meteorological stations, such as visibility (in
desert regions dependent on atmospheric dust) and dust
event frequency, have also been used to describe the annual
dust cycle [Bertrand et al., 1979; Goudie and Middleton,
2001; Hoidale et al., 1977; Littmann, 1991; Middleton,
1986; N'tchayi Mbourou et al., 1997; Ozer, 2001].
However, most meteorological stations are located in the
Sahel or on the West African coast and not near the major
dust sources in the central Sahara. The controls on the
annual dust cycle of the West African sources are not well
understood although synoptic systems such as African
Easterly Waves, which are most prominent from June to
October, have been associated with dust production in
summer [Jones et al., 2003, 2004]. To fully explain the
observed seasonal dust variability in space and time, how-
ever, remains difficult as primary processes and drivers in
these regions have not yet been identified. As the most
intense dust sources are located in the hyperarid regions of
the Sahara where rainfall is very low (<200 mm yr ',
Figure 1), it is likely that the annual dust cycle in these
regions is controlled by changes in near-surface winds. In

this paper we pose the following research question with a
focus on the West African dust sources: Is the surface wind
strength the primary control of the annual dust cycle? If not,
what other circulation parameters relate more closely to the
annual dust cycle?

2. Data and Methods

[6] As a measure of amounts of dust in the atmosphere
we use the absorbing Aerosol Index (Al) derived from the
Total Ozone Mapping Spectrometer (TOMS) which flew
on the Nimbus 7 satellite taking measurements from
November 1978 to May 1993 [Herman et al., 1997]. The
instrument allows the detection of absorbing aerosols
through the spectral difference between the 340 nm and
380 nm UV channels. An advantage of the TOMS Al product
is that it provides information about dust distributions over
land and ocean surfaces over a reasonably long period
(continuous 13 years record from the Nimbus 7 satellite).

[7] Despite the successful application of the TOMS Al in
the research of many aspects of dust in the climate system
[e.g., Alpert et al., 2000; Barkan et al., 2004; Borbely-Kiss
et al., 2004; Chiapello and Moulin, 2002; Israelevich et al.,
2002; Prospero et al., 2002; Washington et al., 2003] the
data set has some limitations. There is an ongoing debate
about how well the TOMS Al is able to capture dust near
the surface below about 1.5 km. Herman and Celarier
[1997] argue that the method applied to derive the TOMS
Al is not able to detect low-level UV-absorbing aerosols
near the surface. 7orres et al. [2002], however, argue that
‘colored’ aerosols such as mineral dust can be detected
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