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ABSTRACT: 
EARLINET, the European Aerosol Research Lidar Network, is the first 

aerosol lidar network with the main goal to provide a comprehensive, 
quantitative, and statistically significant database for the aerosol distribution on a 
continental scale. Lidar measurements are systematically performed at each 
station and additional  observations are  performed to monitor special events. The  
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data quality of the database is assured by intercomparisons at both instrument and 
algorithm levels. At present, the database is already useful to fill partially the gap 
in the aerosol vertical distribution knowledge, necessary for a better 
understanding of aerosol effects on climate and atmospheric processes. It will be 
useful to improve the quality of several satellite retrieval systems affected by the 
presence of aerosols, and in validation measurement campaign for future satellite 
missions like CALIPSO. 
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1. - Introduction 
Aerosols govern a lot of key atmospheric 
processes (e.g. atmospheric radiation 
budget, water cycle, and chemistry, which 

in turn affect human health, traffic 
systems, and development of ecosystems) 
[1,2], but in order to understand well their 
role, the knowledge of their distribution is 
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of fundamental importance. The 
improvement of the observations is the 
only way to improve the understanding of 
the processes governing formation, 
transport, transformation, and removal of 
aerosols and to predict the effects of 
natural and anthropogenic changes in 
atmospheric or surface conditions. 
Until some years ago, data on near-surface 
aerosols were taken regularly at a number 
of stations both world-wide and 
particularly within Europe (GAW, EMEP) 
and column-integrated optical properties 
were collected in the frame of sun-
photometer networks (GAW, AERONET) 
[3-5], but the vertical distribution of 
aerosols was not monitored systematically 
on a continental or larger scale, although 
this is crucial for the assessment of all 
transport and transformation schemes. 
In 1999, several European lidar research 
groups established EARLINET, the 
European Aerosol Research Lidar 
Network, as a project supported by the 
European Commission under the Fifth 
Framework Programme and contributing to 
the implementation of Key Actions within 
the Energy, Environment and Sustainable 
Development programme [6]. The main 
objective of this network is to establish a 
quantitative comprehensive statistical 
database of the horizontal, vertical, and 
temporal distribution of aerosols on a 
continental scale. The goal is to provide 
aerosol data with unbiased sampling, for 
important selected processes, and air-mass 
history, together with comprehensive 
analyses of these data. Although the FP5-
project ended in May 2002, EARLINET is 
continuing its activity on the base of a 
formalized long-term commitment of all 
partner institutions to the voluntary 
association and relying completely on 
internal funds. The objectives and rules of 
the association are described in the 
constitution and bylaws as accepted by the 
foundation assembly on July 12, 2004 in 
Matera, Italy (see http://www.earlinet.org). 

2. - Aerosols and lidars 
A deep knowledge of the aerosol is of 
fundamental importance in order to 
understand their role in the the atmospheric 
processes as well as on human health and 
environment, but nowadays is still poor. 
For example, it is shown that in case of 
aerosols, often also the sign of the radiative 
forcing is unknown and the level of 
understanding is very low. An example of 
the complexity of the problem are mineral 
aerosols, one of the principal tropospheric 
aerosol components. This component 
originates not only from the large natural 
deserts, but also from desertification 
induced by human activities. Its long-range 
transport makes mineral dust a global 
phenomenon. In fact, for example, aerosol 
originating from the Sahara desert is 
observed over the Atlantic Ocean, America 
and Europe [7,8]. While being distributed 
globally, it mixes with anthropogenic 
pollution, biomass burning and other 
components and develops a pronounced 
vertical layering. The radiative forcing of 
the particles changes with the albedo of the 
underlying surface and atmospheric layers, 
therefore the situation is even more 
complicated. 
To characterize fully aerosol particles it is 
necessary to measure their size, 
morphology and composition as a function 
of time and space; in both domains with 
high resolution to account for the large 
variability. The interaction of particles 
with radiation can be derived from the 
fundamental microphysical properties 
mentioned above, or can be measured 
directly. 
It depends strongly on the scientific 
objective which aerosol parameter must be 
observed and which resolution and 
accuracy are required. As a first step, the 
vertical aerosol distribution - in whatever 
physical quantity - and the detection of 
elevated aerosol layers would suffice. For 
radiative studies it is useful to determine 
the extinction coefficient of tropospheric 
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aerosols as a function of height. Such 
information is also of benefit for 
atmospheric transport models, which 
require spatially resolved aerosol data for 
initialization and validation, and many 
remote sensing applications, e.g. for 
atmospheric correction and ground truth 
experiments. For investigations of the 
atmospheric chemistry, the distributions of 
particle number, mass and surface, and the 
chemical composition are most relevant. A 
further important aspect is the long term 
monitoring, that allows data and 
information to be collected over long 
periods to study the influence of the 
aerosols on the Earth’s climate. 
To provide range resolved aerosol data, 
lidar is certainly the best experimental tool. 
The most common lidar type, a backscatter 
lidar, allows the direct detection of the 
altitude and thickness of aerosol layers. 
However, the simple elastic-backscatter 
lidar is not able to provide independent 
measurements of the backscatter and 
extinction coefficients, because it is limited 
by the fact that only one signal is 
measured, whereas two parameters, 
backscatter and extinction, determine the 
lidar signal. Three methods have been 
demonstrated to provide independent 
aerosol extinction measurements: high 
spectral resolution lidar (HSRL) [9], 
Raman lidar [10] and multiple zenith angle 
measurements [11]. The Raman and the 
HSRL techniques both rely on the 
detection of a pure molecular backscatter 
signal, but the HSRL requires a much 
higher technical effort in order to suppress 
the aerosol backscattering. 
For reasons of technical practicability, the 
preferred method within EARLINET has 
been the Raman technique that has been 
widely and successfully used for aerosol 
extinction measurements. The Raman lidar 
technique can be also used for operational 
lidar systems with automated data analysis 
[12]. 

At present, eight EARLINET stations are 
equipped with a multiwavelength lidar 
system (355 nm, 532 nm and 1064 nm) 
with 2 Raman channels at 355 and 532 nm, 
and depolarization measurements at 532 
nm, these data allowing retrieval of main 
microphysical properties; seven 
EARLINET stations are equipped with a 
single Raman channel for the independent 
measurements of aerosol extinction and 
backscatter; seven EARLINET stations are 
equipped with a backscatter lidar. 
Moreover, nine EARLINET stations are 
equipped with sunphotometer (they are 
part of AERONET), a further important 
tool for aerosol optical depth to be 
integrated with lidar measurements for 
calibration operations. 
 
 
3. - EARLINET 
EARLINET is a coordinated network of 
stations using advanced lidar methods for 
the vertical profiling of aerosols [6]. At 
present, 22 stations (see Table I) 
distributed over Europe (see Fig. 1) are 
part of the network. A further research 
group (Potsdam) is involved in the study of 
the retrieval of aerosol microphysical 
properties. 
In this network, a basic methodology was 
developed regarding the lidar systems, the 
minimum requirements for the observation 
scheme, the evaluation, and advanced 
retrieval algorithms. 
The network activity is based on scheduled 
measurements, a rigorous quality assurance 
program was developed addressing both 
instruments and evaluation, and a standard 
for data exchange was established. In this 
way the most comprehensive collection of 
data on the aerosol vertical distribution 
was compiled and was used for numerous 
studies of aerosol related processes. The 
network activity is articulated in several 
research areas, each of them coordinated 
by a working group 
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Table I: EARLINET members 
 

Institution City Country
Institute of Physics 
National Academy 
of Sciences 

Minsk Bjelarus 

Institute of 
Electronics, BAS 

Sofia Bulgaria 

Institute Pierre 
Simon Laplace 

Paris France 

Max-Planck-
Institut für 
Meteorologie 

Hamburg Germany

Meteorologisches 
Institut der 
Ludwig-
Maximilians-
Universität 

Munich Germany

Institut für 
Troposphärenforsc
hung 

Leipzig Germany

Zentrum für 
Dynamik 
komplexer 
Systeme, 
Universität 
Potsdam 

Potsdam Germany

Forschungszentru
m Karlsruhe, IMK-
IFU 

Garmisch-
Partenkirc
hen 

Germany

Aristotleleo 
Panepistimio  

Thessaloni
kis 

Greece 

Ethnikon 
Metsovion 
Polytechnion 
Athinon 

Athens Greece 

Consiglio 
Nazionale delle 
Ricerche - Istituto 
di Metodologie per 
l'Analisi 
Ambientale 

Potenza Italy 

University of 
Lecce 

Lecce Italy 

JRC Institute for 
Environment and 
Sustainability 

Ispra Italy 

Università degli L’Aquila Italy 

Studi L´Aquila 
Instituto Nazionale 
per la Fisica della 
Materia 

Napoli Italy 

Norwegian 
Institute for Air 
Research 

Tromsö Norway 

Institute of 
Geophysics, Polish 
Academy of 
Sciences 

Belsk Poland 

Universitat 
Politecnica de 
Catalunya 

Barcelona Spain 

Grupo de Fisica de 
la Atmosfera, 
UGR 

Granada Spain 

CIEMAT Madrid Spain 
Observatory of 
Neuchatel 

Neuchatel Switzerla
nd 

Ecole 
Polytechnique 
Federale de 
Lausanne 

Lausanne Switzerla
nd 

National Institute 
for Public Health 
and the 
Environment 

Bilthoven The 
Netherla
nds 

 
 

 
 
Fig. 1. Map of Europe with the distribution of all 

the EARLINET lidar stations. 
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3.a - Measurement scheduling 
A fixed measurement scheduling has been 
chosen. It consists of three measurements 
per week performed simultaneously by all 
the network stations: one measurement is 
performed at 12:00 UT, and two 
measurements at sunset. The two selected 
measurement times are representative of 
two different situations: the first one, when 
the convective activity is at its maximum, 
and the second one when the convective 
activity is stopping. 
Additional measurements are performed to 
address specifically important processes 
that are localised either in space or time, 
such as Saharan dust outbreaks, forest 
fires, volcanic eruptions, photochemical 
smog. In particular, within the network an 
alert service for Saharan dust outbreaks is 
assured using forecast model provided by 
the DREAM model [13] and from the 
National Technical University of Athens. 
Back-trajectories derived from operational 
weather prediction models and provided by 
the German Weather Service are used to 
characterise the history of the observed air 
parcels, accounting explicitly for the 
vertical distribution. 
 
3.b - Data quality 
Special care has been taken to assure data 
quality, both at instrument and algorithm 
levels. This is a fundamental aspect within 
a network in order to produce 
“certificated” data that can be considered 
reliable by the whole network community. 
This quality assurance has been achieved 
by means of intercomparisons at 
instrument and evaluation level.  
To check the performance and reliability of 
the individual lidar systems, 
intercomparison measurements were made 
[14]. Comparing the results of two lidar 
systems located close together and 
therefore probing nearly the same volume 
of air is regarded as the best way to 
determine the precision of an aerosol lidar. 
Many of the lidar systems are non 

transportable and, therefore, it was not 
possible to perform one large 
intercomparison experiment with all 
systems at one site. Four transportable 
systems travelled to different sites of 
Europe after an intercomparison 
experiment carried out between them at the 
same site. The quality criteria were fixed in 
advance, and each system that was 
successfully compared with a quality-
controlled system was regarded as quality 
controlled itself. In the future, the network 
will be provided with special tools in order 
to perform regular internal quality checks 
of the lidar systems and further 
intercomparison campaigns will be 
performed. 
To check the algorithms used in the 
analysis of lidar signals by each group, an 
algorithm intercomparison has been 
performed [15,16]. It was divided in two 
parts. The first part was related to the 
aerosol backscatter algorithm 
intercomparison starting only from elastic 
lidar signals, the second part was devoted 
to test the algorithms used by each group 
within the EARLINET network for the 
retrieval of the aerosol extinction profile 
starting from nitrogen Raman lidar signals 
and also of the backscatter and lidar ratio. 
For this purpose, synthetic Raman and 
elastic lidar signals were generated, with 
typical experimental conditions and 
realistic aerosol properties and load taken 
into account. The intercomparison was 
blind, to simulate the real conditions in 
which the solution is not known but also to 
prevent any possible influence on the 
groups in their retrieval of the results. In 
the future, the quality of the algorithms 
used for retrieving aerosol optical 
properties from the raw lidar signals will 
be assured not only by means of a centrally 
managed algorithm intercomparison, but 
also by means of special tools for regular 
internal quality checks. 
The data quality control establishes a 
common European standard for routine 
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quality assurance of lidar instruments and 
algorithms and ensures that the data  
products provided by the individual 
stations are permanently of highest 
possible quality according to common 
standards and are thus usable by the 
research community in a homogenous 
manner. 
All new EARLINET partners must 
perform and pass the data quality check 
before their data can be considered as 
EARLINET quality-assured data. 
 
3.c - Organization 
The main common tasks of EARLINET 
consist of routine measurements, 
compilation of aerosol profile data of 
extinction and backscatter, compilation of 
backward trajectory data. 
EARLINET has a democratic structure 
consisting of a General Assembly, attended 
by all the members, and a Council that 
takes the management of the network and 
is elected by the General Assemby. The 
network activity is articulated in several 
investigation areas, as described in the 
following, each of them is coordinated by a 
working group consisting of members of 
the network. 
 
- Quality assurance (instruments): to 

perform the quality check at instrument 
level. 

- Quality assurance (algorithms): to 
perform the quality check at algorithm 
level. 

- Database construction and operation: 
to collect the data  products provided by 
the individual stations and to 
continuously update a data base from 
quality-controlled lidar. 

- Trajectories: for the interpretation of 
measured profiles of aerosol optical 
properties during special events, but 
also to perform climatological studies 
on the relationship between aerosol 
profiles and the origin of the observed 

air masses taking into account explicitly 
for the vertical distribution. 

- Observation of special events: to 
perform measurements in 
correspondence of Saharan dust, 
volcanic eruptions or forest fires. 

- Long-range transport: to study the 
influence over Europe of the aerosols 
transported over long distances and 
typically found at high altitudes. 

- Impact on satellite retrievals and 
validation: to support the satellite 
retrievals and to participate in satellite 
validation measurement campaign. 

- UV-B radiation and aerosol optical 
properties: to quantify the influence of 
aerosols on the UV-B radiation levels at 
ground using both measurements and 
model calculations. 

- Statistical analysis: to perform analysis 
related to several parameters like 
seasonal behaviour and frequency 
distribution, for different sites. 

- Compilation of lidar ratio database: to 
provide information on microphysical 
properties of the aerosol on a wide 
range of meteorological conditions on a 
continental scale. 

- Microphysical retrieval algorithms: to 
define and optimize the algorithms for 
the retrieval of aerosol microphysical 
properties. 

 
3.d - Database 
The EARLINET database represents the 
largest database for the aerosol distribution 
on a continental scale. The collection of 
measurements started in May 2000 and at 
present, the database contains more than 
20000 aerosol profiles in terms of 
extinction, backscatter and lidar ratio, 
whereas lidar ratio data have been 
retrieved from simultaneous and 
independent lidar measurements of aerosol 
extinction and backscatter. 
All the files are divided in different 
categories related to regular (performed 
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systematically three times per week) and 
special conditions:  
- Climatology: regular measurements. 
- Cirrus. 
- Diurnal cycles: diurnal and seasonal cycle 
of aerosols in the boundary layer. 

- Volcanic eruptions: observations of the 
Etna eruption events in 2001 and 2002. 

- Forest Fires: observations of large forest 
fires. 

- Photosmog: observations of 
photochemical smog episodes in large 
cities. 

- Rural/urban: nearly simultaneous 
measurements at pairs of stations that are 
sufficiently close to minimize the effect 
of large scale patterns, but sufficiently 
apart to reflect the differences in the 
surrounding: urban versus rural or pre-
rural. 

- Saharan dust: special observations of 
Saharan dust outbreaks using dust 
forecast. 

- Stratosphere: stratospheric aerosol 
observations and detection of smaller 
scale features of stratospheric aerosol 
distribution. 

 
4. – Benefits for research 
EARLINET database represents an 
important source of data to contribute to 
the quantification of anthropogenic and 
biogenic emissions and concentrations of 
aerosol, quantification of their budgets, 
radiative properties and prediction of 
future trends. It can improve the 
understanding of physical and chemical 
processes related to the aerosols, their 
long-range transport and deposition, and 
their interaction with clouds. EARLINET 
provides information about transboundary 
transport of aerosols that can also be used 
as a tracer for other substances in the 
planning of pollution abatements 
strategies. 
The network is also able to provide an 
important support for ongoing and future 
satellite missions. Aerosols are a source of 

error for all optical retrievals of 
atmospheric and surface parameters, 
because they affect the reflected optical 
radiation that contains the information on 
the retrieved parameters and because the 
distribution of optical aerosol parameters is 
not sufficiently well known. Systematic 
observations within EARLINET, in 
particular when combined with aerosol 
transport models, can help to reduce or 
avoid the errors due to aerosol interference. 
Passive optical remote sensing from space 
is also used to derive aerosol parameters on 
a global scale. However, these retrievals 
are severely underdetermined so that a-
priori knowledge or assumptions about 
aerosol properties must be used. Again, 
systematic observations within 
EARLINET can be used to assess the 
performance of these retrievals, to identify 
the problems, and thus to improve the 
methodology. 
EARLINET could give an important 
contribution also in future space missions 
that will operate with aerosol lidar on 
board, such as NASA/CNES CALIPSO 
[17]. In fact, due to the limited resources 
onboard a spacecraft, these lidars cannot 
employ the advanced methods applied 
from ground-based stations. 
The combination of space-borne with 
ground-based measurements will increase 
the quality of aerosol retrievals from space, 
and networking is essential for the ground-
based observations to guarantee quality 
and coverage. 
 
5. - Future perspectives 
EARLINET is continuing its activity with 
no interruption since May 2000 and further 
lidar stations are going to join the network. 
In the next future, EARLINET will 
enhance the operation of the network in 
order to foster aerosol-related process 
studies. The analysis of data will continue. 
The results produced starting from the 
collected data within the network are of 
great interest and include several topics: 
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statistical analyses on the data from 
database that allowed the measurement 
sites to be characterized also with seasonal 
behaviours along the years; studies of 
correlation between measured lidar ratio 
values and the origin and path of the air 
masses on the base of the backward 
trajectory analysis; characterization of 
aerosol layers measured during special 
events such as forest fires or volcanic 
eruptions and others; analysis of long-
range transport cases [18-32]. 
Special care will be devoted to two main 
aspects: optimization of instrument and 
optimization of data processing. The first 
will aim at improving the instruments of 
the observation system by selecting the 
optimal approach from the various 
solutions existing at individual stations, for 
the components and subsystems as well as 
for system integration. This part will also 
include the upgrading of the lidar systems 
according the fixed EARLINET standards 
that require systems equipped with at least 
one Raman channel, important for the 
independent retrieval of aerosol extinction 
and backscatter. The second will aim at 
providing all partners with the possibility 
to use a common data-processing 
procedure for  the  evaluation  of their data  

(optical and microphysical properties) 
from raw signals to final products, making 
these latters more accessible to a wider 
community. 
The exchange of information among the 
participants will be mantained, attention 
will be payed to establish exchange with 
external scientific community and, in 
particular, cooperation with other lidar 
networks distributed over the globe (e.g.: 
MPLINET, Asian network, CISLINET, 
REALM, ALINE), in order to extend the 
data coverage and to perform studies at 
global scale. 
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