Seasonal vertical distribution
of the Saharan Air Layer based
on 5 years of CALIPSO
observations
Christoforos Tsamalis and Alain Chédin
Laboratoire de Météorologie Dynamique
CNRS/IPSL, Ecole Polytechnique
christoforos.tsamalis@lmd.polytechnique.fr

Saharan Air Layer (SAL)
and dust aerosols







SAL is characterized by dry and hot air
and transports large amounts of dust aerosols.
SAL influences the environment from West Africa to tropical
America.
Dust aerosols (and thus SAL) affect many environmental
processes (earth’s radiative budget, hydrological cycle,
ocean biogeochemistry, atmosphere’s oxidizing capacity and
air quality).
Knowledge of their vertical distribution is required to quantify
their impact on the abovementioned processes.
This characteristic is not easily measurable
except from lidars and more recently from
passive infrared remote sensors
(AIRS: Peyridieu et al., 2010 or
IASI: Peyridieu et al., in preparation).

CALIPSO and CALIOP








The CALIPSO satellite was launched in April 2006
(observations after 13 June 2006) and it is part of the A-Train
constellation. Its repetition cycle is 16 days. The principal
instrument aboard CALIPSO is the Cloud-Aerosol LIdar with
Orthogonal Polarization (CALIOP).
CALIOP is a two-wavelength polarization sensitive lidar. It
has horizontal and vertical resolutions of 333 m and 30 m
respectively (up to 8 km at 532 nm), while its beam diameter
is ~70 m at the earth’s surface.
The depolarization (532 nm) allows to discriminate between
dust and other types of aerosols, which being mostly
spherical depolarize light far less efficiently.
CALIOP being a space lidar offers global view of aerosols,
but with restricted surface coverage.

CALIPSO data






The L2 – 5 km aerosol layer product (version 3.01) is
used here to calculate the seasonal climatology (daytime
and night time data) during 5 years (June 2006 – May
2011).
Two classes of aerosols are used from the L2 product:
“dust” and “polluted dust”. It is known that the polluted
dust class may also contain smoke or polluted continental
aerosols, however it permits to account for dust mixing
with other types of aerosols and ageing during transport.
Results on the regions possibly contaminated by these
aerosols are treated with caution
and generally avoided.
Correction of the eventual white lines
overlap/overwrite of the
dust layers, due to algorithm
implementation (report of
layers at 5 km resolution).
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Absence of dust
above 6.5 km.



Elevated layers
in spring/summer
≠ in contact with
surface in
fall/winter.



Dust altitude
decreases with
westward
transport, mostly
after -40oE
(especially in
summer).
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Significant seasonal
cycle for both
variables.



Mean altitude: ~1.5
km in winter and
>2.5 km in summer.
Decreases with
transport.



Mean thickness: ~1
km in winter and ~2
km in summer.



Contrast land – sea,
with finer layers
above sea.
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SAL is found between [-5, 15]°N near Africa (in
accordance with MODIS AOD). In the vertical, SAL
lies between the surface and 3 km close to Sahara,
while its top goes down to 2 km near South America.
ECMWF wind data for the same period confirm the
westward transport from Africa towards S. America.
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SAL moves northward between [0, 20]°N in the
vertical range [1, 4] km near Africa and [0, 2.5] km
near S. America.
At ~ 20°W in the zone [10, 20]°N the influence of
trade winds appears bringing air without dust in the
lower atmosphere.





Summer
SAL takes its characteristic oval shape and it is observed

between [10, 30]°N, while in the vertical is between
[1.5, 5] km off West Africa and its top decreases to 4 km
in the Caribbean.
The influence of strong winds (8-9 m/s) is important: a)
cleaning the atmosphere below SAL and b) more efficient
westward transport at the SAL mean altitude.

Fall





Like Spring Fall is a transitory period with the SAL
going southwards [0, 25]°N, from the surface up to
4 km off West Africa, while close to America its top
drops to about 2 km.
The wind is much weaker to clean efficiently the
lower atmosphere.
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On a global scale:
Tsamalis et al., in prep.

The seasonal vertical distribution of SAL at 1°resolution is
presented based on the detection of dust aerosols by
CALIOP using a 5 year-average climatology.
Results show that SAL presents an obvious seasonal cycle
not only in latitude but also in the vertical with lower values
during winter and higher values during summer.
No dust layers above ~6.5 km in the tropical Atlantic.
There is a land-sea contrast, especially for the geometrical
thickness, with higher values above continents.
The mean altitude is ~1.5 km during winter, while it reaches
~3 km during summer; the dust geometrical thickness goes
from about 1 km during winter to its maximum of ~2 km
during summer (► elevated layers).
Decrease of dust altitude with westward transport.
Influence of trade winds on SAL shape and vertical
distribution by bringing clean air to the lower troposphere,
especially in summer.

Thanks!
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