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Introduction

Dust climatologies (June 2006 – May 2011): vertical distribution, mean altitude, geometrical thickness

Dust aerosols are important constituents of the earth climate as they influence many processes of the planet. They affect the
earth’s radiative budget via the direct, the indirect and the semi-direct effects, which cause the modification of the mesoscale
dynamics at short time scales and the climate change at long time scales, they act as cloud condensation and ice nuclei and
therefore have strong implications in the hydrological cycle, their deposition in the ocean supplies it with nutrients, which in
turn affect the ocean biogeochemistry, they impact the atmospheric concentrations of trace gases, via heterogeneous
reactions, they contribute to air pollution and they degrade the restitution of atmospheric or surface parameters from satellite
instruments.
An important parameter of the dust aerosols is their altitude as it defines their impact on the aforementioned processes. But
this parameter is not easily measurable except from lidars (Papayannis et al., 2008; Tesche et al., 2009) and more recently
from passive infrared remote sensors (Pierangelo et al., 2004; Peyridieu et al., 2010). Nevertheless, ground based lidars are
situated at specific locations and cannot offer a global view of the dust altitude, while dedicated campaigns using lidars and
in situ measurements are restricted in time. On the other hand, the passive instruments AIRS or IASI offer a good spatial
coverage, but their new established results need further validation. However, the space lidar CALIOP now offers the
possibility of accurate determination of the aerosols vertical distribution on a global scale.

CALIOP data
Launched in April 2006, the satellite CALIPSO, with the on board two wavelength depolarisation lidar CALIOP, permits an
accurate determination of the aerosols altitude (Winker et al., 2007; Winker et al., 2009). Moreover, the depolarisation at 532
nm allows the discrimination between dust and other types of aerosols, which generally do not depolarize light.
Nevertheless, the beam diameter of 70 m at the earth’s surface does not allow a full coverage of the planet even after its 16
days repetition cycle making it difficult to create global products at short time scales. In order to overcome this difficulty, the
L2 5 km aerosol layer product (version 3.01) is used here (Omar et al., 2009), to calculate the seasonal climatology with
both day and night time data during the last 5 years (June 2006 – May 2011) with a horizontal resolution of 1 degree. Two
classes of aerosols are used from the L2 product: dust and polluted dust (Figure 1). It is known that the polluted dust class
may also contain smoke or polluted continental aerosols, but the results on the regions possibly contaminated by these
aerosols are treated with caution and generally avoided. In the L2 aerosol product some layers may overlap due to the
horizontal resolution of the detection algorithm (Figure 2). A correction has been introduced which is applied to the
CALIPSO’s layer data presented here.

Figure 1:
Seasonal
percentage of
‘dust’ class
layers (left) and
of ‘polluted
dust’ class
layers (right)
detected by
CALIOP.

Figure 2: (Top) CALIOP
total attenuated backscatter
coefficient with the dust
layers (magenta or black
triangles) and the overlap
layers (white lines)
superimposed. (Bottom)
The CALIPSO track.

Figure 3: Seasonal vertical distribution of dust occurrence frequency
versus longitude (from Caribbean to Japan) for 5 latitudes.

Figure 5: ERA Interim ECMWF
seasonal
climatology at 700
hPa of (top)
horizontal wind
direction and
speed (m/s) and
(bottom) omega
vertical wind
velocity (Pa/s), for
the same period as
CALIPSO data.
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Figure 4: Dust mean altitude (a.s.l.) (left) and
geometrical thickness (right) for the two dust
classes and the four seasons.

There is a clear seasonal cycle regarding the vertical distribution, with dust aerosols staying at lower altitudes in winter
than in summer (Figure 3 and Figure 4 – left). It must be noted that during winter in the Sahel region (0-10o N), the
contribution of biomass burning aerosols in the ‘polluted dust’ class is rather important in the 2-4 km altitude range, thus
the seasonal cycle is less obvious. Also, there is a land-sea contrast, especially for the geometrical thickness, with higher
values, more dispersed, above continents. From Figure 3, it can be seen that the dust aerosols generally do not overpass
the altitude of 6 km, except for dust coming from East Asian deserts (Taklamakan and Gobi) and mostly during spring.
Dust exported in the atmosphere from its sources is transported away with decreasing altitude and geometrical thickness,
confirming previous studies (Figures 3, 4).
For the dust belt (Sahara and Arabian Peninsula), the mean altitude is ~2 km during winter and it reaches ~3 km during
summer, while the dust geometrical thickness goes from ~1 km during winter to its maximum of ~3 km during summer. In
Figure 4, we can observe a local minimum of mean altitude and geometrical thickness above Egypt, which is more
pronounced during summer. Above the desert regions of East Asia, altitudes over 5.5 km are observed during spring
(due to elevated topography), with the subsequent long-range transport at ~4.5 km altitude towards North America with
mean geometrical thickness 1-1.5 km. Regarding Australia, the dust season is during boreal autumn/winter with mean
altitude of ~2 km and geometrical thickness greater than 1.5 km.
The export of dust from its main sources (Figure 1) can be explained by the wind direction shown in Figure 5, based on
ERA-Interim ECMWF results for the same period as for CALIPSO. Moreover, the geometrical thickness of the dust layer
can be overall explained by the ECMWF vertical wind velocity, with regions like southwest Arabian Peninsula and south
Sahara presenting strong convection essentially during summer leading to thicker dust plumes.
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