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During a three-year period (2000-2003) 90 Saharan dust outbreaks over Europe were
monitored by a coordinated aerosol lidar Network in the frame of the EARLINET
project. Multiple aerosol layers of variable thickness (200-2500 m) were systemati-
cally observed in the altitude region 1.5-8 km height asl., while traces of dust particles
reached heights of 8-10 km, after a 2-5 days transport from the source region. Aerosol
optical depths, linear depolarization ratios and extinction-to-backscatter ratios (lidar
ratios) of aerosols ranged from 0.3-0.8 (at 355 nm or 351 nm), 10 to 25 % and 35
to 80 sr, respectively, within the lofted dust plumes. Air mass back-trajectory analy-
sis and model calculations from the DREAM dust model, in conjunction with satellite
data analysis (MODIS, TOMS, SeaWiFS), related the measurements during these dust
events to the Saharan region. The vertical and horizontal extent of these outbreaks is
discussed and their seasonal distribution is given. A 3-year climatology of long-range
dust transport to the EARLINET sites was developed using 3-dimensional 4-day air
mass back-trajectories. A cluster analysis was used to classify the air mass trajectories
into distinct dust transport patterns from Africa to Europe.

Introduction

Atmospheric particles and mainly the mineral dust particles, play an important role in
the earth’s radiation balance and climate by scattering and absorbing both incoming
and outgoing radiation (Seinfeld and Pandis, 1998). Every year very large (million of
tons) quantities of desert dust from the Sahara and surrounding regions are exported
to the North Atlantic Ocean and the Mediterranean Sea (Prospero et al., 1981). Before
the EARLINET project the Saharan dust transportation over Europe was studied only
over the water surface of the Mediterranean region by satellite observations (Dulac
et al., 1992). Since 2000, the EARLINET project provided systematic observations of
vertical profiles of Saharan dust aerosols over the European continent [Ansmann et al.,
2003; Papayannis et al., 2004], on a coherent network basis. Dust model simulations
using the DREAM dust model were found to be consistent with the lidar network
observations (Nickovic et al., 2001).

Methodology

Over Europe 21 stations were deployed using elastic backscatter and Raman lidar
systems to measure the vertical profiles of the aerosol backscatter and extinction co-
efficients at various wavelengths between 351 and 1064 nm (Bösenberg et al., 2003).
In the frame of the EARLINET the lidar systems were quality assured by perform-
ing direct intercomparisons, both at hardware and software levels (Böckmann et al.,
2004; Matthias et al., 2004; Pappalardo et al., 2004). The NTUA lidar group coordi-
nated these measurements to provide an early warning of Saharan dust outbreaks over
the EARLINET monitoring sites using forecast model data provided by the DREAM



model (Nickovic et al., 2001). Ancillary observations included ground-based aerosol
optical depth, spectral radiance (sun photometers, UVB radiometers) and satellite
(AVHRR, METEOSAT, TOMS, MODIS, SeaWiFS) measurements for mutual valida-
tion with the lidar aerosol data. 96-hours air mass back-trajectory analysis confirmed
the Saharan region to be the source region of the high aerosol loadings observed over
Europe during these Saharan dust outbreaks.

Statistical analysis of Saharan dust outbreaks over Europe-Conclusions

A total of 90 significant events of free tropospheric Saharan dust layers were observed
over theEARLINET sites in Europe, between the years 2000-2003. Multiple aerosol
layers of variable thickness (0.2-2.5 km) were systematically observed in the altitudes
between 1.5-10 km height asl. Most episodes were recorded during the spring and
summer months, while fewest were observed during the winter period. In the majority
of cases the episodes lasted from 1 to 5 days, while a few of them lasted up to 10-
14 days. The mean number of dust episodes observed per season is much higher in
the southern and southeastern European regions, due to the prevailing meteorological
conditions (direction of wind flow) in conjunction with their vicinity to the Sahara
desert. However, our observations have shown that Saharan dust aerosols can pene-
trate deeply into central and eastern Europe, where they may still co-exist with clouds
(Ansmann et al., 2003). The mean lidar ratio values over Europe ranged from 35 to 80
sr within lofted dust plumes. In some cases enhanced lidar ratios ranging from 50 to
90 sr at 355 nm and from 40 to 80 sr at 532 nm, were found over Germany (Ansmann
et al., 2003), which were similar to the ones found for Asian dust. The correspond-
ing linear depolarization ratios of aerosols within the dust plume ranged from 10% to
25%. During intense Saharan dust outbreaks the TOMS aerosol index values ranged
between 3-3.5 in the Mediterranean region and between 1-2.5 over central Europe.
In this study, a 3-year climatology of long-range dust transport to the EARLINET
sites was established using 3-dimensional 4-day air mass back-trajectories. A cluster
analysis was used (Moody and Galloway, 1988) to classify the air mass trajectories
into distinct dust transport patterns from Africa to Europe. The analysis of the data
collected during the three-years of operation of the EARLINET Network during dust
events made it possible, for the first time, to estimate simultaneously the horizontal
and vertical extent of free tropospheric Saharan dust layers over Europe. This infor-
mation can be used as an important input into radiative transfer models (RTM) and
atmospheric chemistry transport models (ACTM) over Europe.
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