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Introduction
Sahara is the biggest desert of the Earth contributing about half the global dust emissions. Dust aerosols emitted from Sahara are
transported to Atlantic Ocean reaching Americas, the Mediterranean Sea and often Europe and Middle East (Engelstaedter et al., Earth
Sci. Rev., 2006). The Arabian Peninsula is the third more important dust source region of the planet providing with dust aerosols mostly
the Arabian Sea (Prospero et al., Rev. Geophys., 2002).
Retrieving dust aerosol optical depth (AOD) from space-borne instruments above deserts is less straightforward than over sea or land (Hsu
et al., IEEE TGRS, 2004). At the same time in situ systematic measurements of the AOD are very sparse, especially within desert areas,
due to extreme meteorological conditions.
The two-wavelength lidar CALIOP was launched on board CALIPSO in April 2006 with principal aim to characterize aerosols and clouds
vertical distribution at global scale (Winker et al., GRL, 2007). Owing to depolarisation at 532 nm, CALIOP is able to discriminate between
dust and other types of aerosols, which being more spherical depolarize light much less efficiently (Winker et al., BAMS, 2010). As an
active instrument, CALIOP has the advantage to be far less affected by the desert high albedo in comparison to passive instruments.
However, in its retrieval of the AOD, a crucial assumption about the lidar ratio has to be done.

Data
In order to assess the quality of the CALIOP-retrieved dust AOD we compare it with the retrievals from MODIS (Aqua) Deep Blue and MISR
AODs, while also the UV aerosol index from OMI is used to give a semi-quantitative picture of dust aerosols. For this purpose, the CALIOP
L2 5 km aerosol layer product (version 3.01) is used above Sahara and Arabian Peninsula for the 5-year period June 2006 – May 2011.
Only nighttime data are taken into consideration due to better signal to noise ratio. Also, in order to improve the quality of AOD retrieval,
we discard layers which are overwritten (overlapped) vertically in the same 5 km column, a result coming from their detection with different
horizontal resolutions. By using the aerosols classes “dust” and “polluted dust” from the L2 product (Omar et al., JAOT, 2009), seasonal
maps with 1 degree horizontal resolution are created. The choice of seasonal maps permits to overcome the difficulty of CALIOP’s low daily
spatial coverage (beam diameter of 70 m at the earth’s surface), while making it possible to provide statistically meaningful results.

Results

Figure 1: Seasonal distribution of dust aerosols based on 5 years of observations
(4 years for OMI:1/2005-12/2008) from OMI, MISR, CALIOP and MODIS Aqua.

Figure 2: Comparison of AOD between: CALIOP and MISR (left), CALIOP and MODIS
(middle) and MODIS and MISR (right) above the deserts of Sahara and Arabian
Peninsula.

Discussion
This study has brought into evidence a significant under estimation of the dust AOD by CALIOP
over Sahara and Arabian Peninsula. Possible reasons for this underestimation are the fixed value
of 40 sr for the lidar ratio (while, for these regions, it can vary at least between 30 and 60 sr), the
misclassification of very dense dust plumes like clouds, and finally the fact that for dense dust
layers the multiple scattering is not taken into account, leading to underestimation by about 30%
compared to Raman lidar measurements. It is also worth noting that there are also significant
differences between MISR and MODIS or OMI (e.g. Arabian Peninsula or eastern Libyan desert).

Figure 1 presents the seasonal
distribution of dust aerosols based
on the UV Aerosol Index from OMI
and the AOD from MISR, CALIOP
and MODIS. It can be seen that
CALIOP underestimates the dust
AOD in comparison to MISR and
MODIS, although it is capable to
indicate the major source regions in
accordance with the other satellite
instruments. It should be noted that
the reporting wavelengths are not
exactly the same (532 nm for
CALIOP versus 550 or 555 nm), but
this fact can not explain the
observed differences. Also, CALIOP
finds higher dust AOD above the
Arabian Peninsula in comparison to
Sahara (southwestern part – see
spring or summer), something
contradictory with MODIS or OMI
and to a lesser extent with MISR.
Quantitative results are presented
in Figure 2, which shows the
comparison between CALIOP and
MISR and MODIS (only Deep Blue)
for the region [-10, 50]°E, [10, 30]°N,
which includes the main parts of
Sahara and Arabian Peninsula. In
addition, the comparison between
MODIS and MISR is presented in
order to give an idea of their match.
The correlation coefficient for all
seasonal data of CALIOP with MISR
is 0.69, with MODIS 0.49, while it is
0.74 between MODIS and MISR. The
mean AOD difference between
CALIOP and MISR is 0.15±0.11,
0.12±0.16
with
MODIS,
and
0.03±0.12 between MODIS and
MISR.
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