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Abstract. EARLINET, the European Aerosol Research Lidar Network, is the best tool to
investigate the horizontal and vertical transport of aerosols over Europe. Within the network,
particular attention is devoted to Saharan dust events monitoring. An alert system has been
established in order to perform devoted measurements in case of intrusions of desert particles
on European continent. Starting from data collected within EARLINET since May 2000, a first
statistical analysis of the aerosol vertical distribution on European scale during Saharan dust
outbreaks, has been performed. These results highlights the fundamental role that EARLINET
can have for the study of impact of Saharan dust on European scale. The current 5-year EU
project EARLINET-ASOS, started in March 2006, will enhance the operation of the network
through the improvement of the instruments and of the temporal coverage, and of the data
analysis procedures.

1. Introduction
According to the latest report of the Intergovernmental Panel on Climate Change (IPCC) [1], there is
still a large uncertainty about the estimation of the effect on climate forcing of anthropogenic and
natural dust. A main cause of these actual large uncertainties is the lack of an extensive climatology
based on dust observations [2]. In this context, EARLINET (European Aerosol Research Lldar
NETwork) [3] can strongly contribute to quantify dust vertical and horizontal distribution by means of
vertical profiles of desert dust optical properties. Before EARLINET, Saharan dust intrusions over
Mediterranean area were systematically studied only by passive satellite-borne sensors [4,5,6,7] and
ground-based sunphotometers [8], without any information about the vertical distribution. The few
papers present in literature about the desert dust vertical distribution over the Mediterranean Basin,
were typically based on not-systematic measurements [e.g. 9,10,11].

Since May 2000, EARLINET provides systematic observations of Saharan dust events over
Europe. The main result up to know is the establishment of a significant database of vertical profiles of
Saharan dust optical properties over Europe.

2. EARLINET

EARLINET is a coordinated network of stations that make use of advanced lidar methods for the
vertical profiling of aerosols. At present, the network includes 25 lidar stations distributed over
Europe, as shown in figure 1.

jﬂ' o" [+ 0" an” Aan*
List of EARLINET stations
TO" TO*
BELARUS: Minsk (mi)
BULGARIA: Sofia (sf)
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THE NETHERLANDS: Cabauw (ca)
30" 30"

Figure 1. Map of Europe with all the EARLINET lidar stations.
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EARLINET lidar observations are performed at each station on a regular schedule of one daytime
measurement per week around noon, when the boundary layer is usually well developed, and two
night time measurements per week, in low background light conditions, in order to perform Raman
extinction measurements. Further observations are addressed to monitor special events such as
Saharan dust outbreaks, forest fires, photochemical smog and volcano eruptions [3].

Special care has been taken to assure data of highest possible quality. Therefore all network
stations participated in intercomparisons both at instrument and algorithm levels with standardised
procedures [12,13,14].

EARLINET was established in 2000 with the main goal to provide a comprehensive, quantitative,
and statistically significant data base for the aerosol distribution on a continental scale. On March
2006, the 5-year EC Project EARLINET-ASOS (Advanced Sustainable Observation System) started
on the base of the EARLINET infrastructure. This project will contribute to the improvement of
continuing observations and methodological developments that are urgently needed to provide the
multi-year continental scale data set necessary to assess the impact of aerosols on the European and
global environment and to support current and future satellite missions. The main objective is the
improvement of the EARLINET infrastructure, resulting in a better spatial and temporal coverage of
the observations, continuous quality control for the complete observation system, and fast availability
of standardised data products.

3. EARLINET special observations: Saharan dust events

During Saharan dust outbreaks, the lofted particles reach very often the Europe continent due to the
proximity of the source region and to the prevailing meteorological conditions. Dust particles can be
transported at different altitude ranges affecting the local aerosol content when it reaches very low
altitude and the planetary boundary layer, while, if lofted in the free troposphere, dust particles can be
transported over long distances, penetrating deeply into Northern Europe.

Thanks to its capability to provide high quality dust vertical profiles and to its geographical
coverage, EARLINET is an optimal observation tool for studying Saharan dust events and their impact
over Europe. With its current 25 stations, EARLINET covers almost the whole European continent
from Madrid to Belsk and from Andeya to Athens. In particular, 12 stations are actually located in
Southern Europe (namely below 45° N) from Spain to Romania through Italy and Greece, providing a
full and detailed coverage of the passing area of dust from source region toward the whole Europe.
Within EARLINET, 7 stations are multi-wavelength Raman lidars capable to provide extinction and
backscatter profiles at different wavelengths. This allows to obtain information about aerosol
microphysical properties and, in conjunction to the EARLINET capability to perform measurements
on the whole continent, to study the aerosol modification processes occurring during the transport
over Europe.

A suitable observing methodology has been established within the network, based on Saharan dust
forecasts distributed to all EARLINET stations by the NTUA (National Technical University of
Athens) group, which coordinates the monitoring of the dust outbreaks within the network. The dust
forecast is based on the operational outputs (aerosol dust load) of the DREAM (operated in the past in
Malta at the Centre on Insular Coastal Dynamics (ICOD) and now at the Barcelona Supercomputing
Center, Barcelona, Spain: http://www.bsc.es/projects/earthscience/DREAM/) and the Skiron models
(operated at Athens University, Athens, Greece: http://forecast.uoa.gr) [15,16]. The alerts are diffused
24 to 36 hours prior to the arrival of dust aerosols over the EARLINET sites, so that each participating
station can arrange the special measurements. Typically long runs of measurements are performed at
the EARLINET stations in order to investigate also the temporal evolution of the dust events. To
identify the origin of the observed aerosol layer, the 4-day backward trajectories provided by the
German Weather Service (DWD) are used. The DWD provides these back-trajectories at each
EARLINET lidar station for two arrival times per day and for six arrival pressure levels between 200
and 975 hPa [3]. Additionally HYSPLIT back-trajectory analysis provided by the NOAA Air
Resources Laboratory (ARL) are used too. Besides air mass back-trajectory analysis, satellite data
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analysis, like TOMS Aerosol Index and MODIS optical depth, have been utilized as ancillary
information for identifying the cases in which air masses coming from the Sahara region carry on
lofted desert dust particles towards EARLINET sites.

EARLINET data have already conducted to studies of Saharan dust transport over Europe [17,18]
and to first climatological studies on Saharan dust events based on systematic observations [19, 20,21,
22,23].

A first study on the impact of Saharan dust on European aerosol content has been performed on the
base of all EARLINET data acquired during the first period of operation of the network (2000-2002)
[24]. During this period about 150 days of Saharan dust outbreaks over Europe were monitored. In
most of the cases, episodes lasted from 1 to 5 days, while few of them lasted even up to 7-10 days.
Multiple aerosol layers of variable thickness, ranging typically from 1500 m to 3400 m, were observed
at altitudes between 1100 and 9000 m a.s.l. . Traces of dust particles have been observed in some cases
up to 10000 m in Northern Europe.

The largest number of cases has been recorded from late spring until early autumn months, while
only few cases were observed during the winter period. However, the dust observations during autumn
and winter cannot be negligible at least for Southern (S) and South-Eastern (SE) European regions.
Mean number of dust episodes observed per season is much higher in the S and SE regions as shown
in Figure 2, mainly because of the proximity of these regions to the source region and to prevailing
wind direction. The Central (C) and South-Western (SW) sectors still exhibit a quite significant
number of events, while the remaining sectors, North (N), North-Eastern (NE) and Western (W), show
low dust transport activity.

50

1 ZA Total

45

Number of events

N NE CENTRAL w sw S SE
Geographical sector

Figure 2. Seasonal variability of Saharan dust observed by
EARLINET stations during May 2000-December 2002 period
per sector over the European continent (north (hh, kb, le, 1k) ,
north-eastern (be, mi), central (gp, ju, ne, mu), western (pl),
south-western (ba), south (la, Ic, na, po) and south-eastern (at,
sf, th) Europe).

The mean altitude of the core of the dust layer is typically observed at about 3500 m above sea
level (a.s.l.). Exceptions are found for the Barcelona and Lecce stations, where the dust layer is located
around 2500 m, and for Minsk where it rises up to 6000 m. Over southern and south-eastern Europe a
high variability is observed for the dust layer thickness, ranging between 700 m for Thessaloniki up to
3340 m for Potenza, without significant latitude dependence.
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Regarding optical properties, mean AOD (Aerosol Optical Depth) values inside the dust lofted
layers ranged over Europe from 0.1 to 0.25 (at 355 or 351 nm). A large variability in the AOD is
observed for all the stations related to the large variability of dust origin and transport processes.

4. Future perspectives
EARLINET is continuing its activity and further lidar stations are going to join the network. In
particular, the EARLINET database of Saharan dust vertical profiles is continuously extending.

In the next years, EARLINET-ASOS will enhance the operation of the network concerning also the
dust observations. Instruments will be improved through more automated and unattended lidar
systems, allowing a better temporal coverage of the observations. Moreover, the optimisation of data
processing will provide an important step for near real time data delivery.

EARLINET data will be used for dust model validation: a systematic quantitative comparison with
the DREAM model is already planned using lidar data from the whole network.

The future availability of near real time vertical profiles will be an important step for the
assimilation of lidar data in dust models and this will result in a strong contribution to the
implementation of the World Weather Research Programme and the Global Atmospheric Watch
(WWRP/GAW) Sand and Dust Storm Warning System (SDS WS).

On global scale, EARLINET will give a strong contribution to the implementation of the GAW
Atmospheric LIdar Observation Network (GALION) [25].
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