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The present knowledge of the aerosol distribution is far from sufficient to properly estimate the role 
of aerosols in changes of the global and regional environmental conditions and climate. The 
information on the vertical distribution is particularly lacking and lidar remote sensing is the most 
appropriate tool to close this observational gap.  
All main long-term objectives of GAW, as stated in the WMO Global Atmospheric Watch (GAW) 
Strategic Plan: 2008-2015, are related to the 4-dimensional space-time distribution of aerosols. 
Europe has taken the lead in this area of research by establishing in 2000, the European Aerosol 
Research Lidar Network (EARLINET) as a coordinated network of 27 stations using advanced lidar 
methods for the vertical profiling of aerosols.  
At global scale much work needs still to be done. A strong effort to determine the spatio-temporal 
distribution of aerosol properties related to climate forcing and air quality up to multidecadal time 
scales is also in progress within the Global Atmosphere Watch (GAW) aerosol program where the 
establishment of a global lidar observation network has been considered of strategic importance. It 
is the mission of the GAW Atmospheric LIdar Observation Network (GALION) to organize the 
observational capability for the 4-dimensional distribution of key aerosol parameters at global 
scale.  
 

1. INTRODUCTION 
Lidar techniques represent certainly an optimal tool to provide range resolved aerosol data. The 
basic lidar system is the elastic-backscatter lidar that allows the direct determination of the altitude 
and thickness of aerosol layers. However, this kind of lidar is not able to provide independent 
measurements of the backscatter and extinction coefficients. The Raman lidar systems overcome 
this difficulty providing independent quantitative aerosol extinction measurements. For this reason 
high vertical resolution profiles provided by a Raman lidar allow the complete optical 
characterization of atmospheric aerosol layers in the Planetary Boundary Layer (PBL) as well as in 
the free troposphere. The aerosol characterization can be further improved by the use of multi-
wavelength Raman lidar equipped with depolarization channels. These data can be inverted to 
provide information about aerosol microphysical properties such as size, shape, refractive index, 
effective radius [1, 2]. 
 
Lidar networks are fundamental to study aerosol on large spatial scale and to investigate transport 
and modification phenomena. These are the motivations for the establishment in 2000 of 
EARLINET, the European Aerosol Research Lidar Network, as a research program funded by the 
European Commission in the frame of the 5th framework program. After the end of the project, the 
network activity continued based on a voluntary association. On March 2006, the five years EC 
Project EARLINET-ASOS (Advanced Sustainable Observation System) started on the basis of the 
EARLINET infrastructure.  
This infrastructure project has strongly contributed to the continuing observations and 
methodological developments that are needed to provide a multi-year data set on continental 
scale. The use of these data can contribute significantly to the quantification of aerosol 
concentrations, radiative properties, long-range transport and budget, and prediction of future 
trends on European and global scale. It also contributes to improve model treatment on a wide 
range of scales and to a better exploitation of present and future satellite missions. 
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EARLINET is now one of the key component of the ACTRIS (Aerosols, Clouds and Trace gases 
Research InfraStructure Network) research infrastructure project launched in 2011 which will 
provide, for the first time, coordinated observations of the major atmospheric variables at European 
scale. 

 



 

 
2. EARLINET 
EARLINET [3] is the first aerosol lidar network, with the main goal to provide a comprehensive, 
quantitative, and statistically significant data base for the aerosol distribution on a continental 
scale. At present, EARLINET consists of 27 lidar stations (as reported in Fig. 1): 7 single 
backscatter lidar stations, 10 Raman lidar stations with the UV Raman channel for independent 
measurements of aerosol extinction and backscatter, and 10 multi-wavelength Raman lidar 
stations (elastic channel at 1064 nm, 532 nm, 355 nm, Raman channels at 532 nm and 355 nm, 
plus depolarization channel at 532 nm) for the retrieval of aerosol microphysical properties. 
Moreover, 18 EARLINET stations are equipped also with sunphotometers (part of AERONET), a 
further important tool for aerosol optical depth determination to be integrated with lidar 
measurements for calibration purposes. Additional lidar stations are going to join the network 
allowing a better coverage of the European continent.  
 
Lidar observations are performed 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, with low background light, in order to perform Raman extinction 
measurements. In addition to the routine measurements, further observations are devoted to 
monitor special events such as Saharan dust outbreaks, forest fires, photochemical smog and 
volcano eruptions. 
 
Data quality has been assured by instrument intercomparisons using the available transportable 
systems [4-5]. The quality assurance also included the intercomparison of the retrieval algorithms 
for both backscatter and Raman lidar data [6-7]. Moreover, tools for the continuous quality check of 
the instruments and algorithms used have been developed.  This data quality control establishes a 
common European standard for routine quality assurance of lidar instruments and algorithms and 
ensures that the data products provided by the individual stations are homogenous and 
permanently of the highest possible quality according to common standards. 
 
EARLINET measurements are performed since 1 May 2000. All measured profiles are stored in a 
standardized data format in a centralized data base which allows for an easy access to the 
complete data set for further scientific studies. Up to now the EARLINET database represents the 
largest database for the aerosol distribution on a continental scale. All the aerosol profile data files 
are divided in different categories related to regular measurements and special conditions: 

 Climatology (regular measurements) 
 Cirrus  
 Diurnal cycles (diurnal and seasonal cycle of aerosols in the boundary layer) 
 Volcanic eruptions (Etna 2001 and 2002, North Pacific Ring 2008 and 2009, Eyjafjöll 2010) 
 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 and its interdependence with dynamics and heterogeneous 
chemistry) 

 CALIPSO (correlative measurements in coincidence of the CALIPSO overpasses). 
 
The EARLINET-ASOS project has strongly contributed to optimize the operation of the network by 
defining and using common standards for instruments, operation procedures, observation 
schemes, data processing including advanced retrieval algorithms, and dissemination of data. At 
present, EARLINET is the most comprehensive data source for the 4-D spatio-temporal distribution 
of aerosols on a continental scale [8-15]. 
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Figure 1. Map of EARLINET stations. 
 
 

 
 

Figure 2. Map of measurement sites contributing to ACTRIS. 
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EARLINET is the lidar component of ACTRIS which aims at integrating European ground-based 
stations equipped with advanced atmospheric probing instrumentation for aerosols, clouds and 
short-lived gas-phase species (Fig. 2). A key for ACTRIS success is to build a new research 
infrastructure on the basis of a consortium joining existing networks/observatories that are already 
providing consistent datasets of observations and that are performed using state-of-the-art 
measurement technology and data processing. In particular the ACTRIS consortium merge two 
existing research infrastructures funded by the European Commission under FP6: EUSAAR 
(European Supersites for Atmospheric Aerosol Research) and EARLINET (European Aerosol 
Research Lidar Network). ACTRIS also includes the distributed infrastructure on aerosol – cloud 

 



 

interaction existing from a previous EU Research project CLOUDNET and by grouping the existing 
EU ground-based monitoring capacity for short-lived trace gases which is, at present, not 
coordinated at any level, besides EMEP (European Monitoring and Evaluation Programme) and 
GAW (Global Atmosphere Watch) caring for a few specific compounds. Therefore, ACTRIS 
represents an unprecedented effort towards integration of a distributed network of ground-based 
stations, covering most climatic regions of Europe, and responding to a strong demand from the 
atmospheric research community. ACTRIS will be a step towards better integration of aerosol, 
cloud and trace gases communities in Europe necessary to match the integration of high-quality 
long-term observations of aerosol, clouds and short-lived gas-phase species and for assessing 
their impact on climate and environment. 
 
ACTRIS will also found and strongly sustain effective partnership between users and data 
providers and will pursue innovative initiatives to address the need of users. Moreover, 
standardization of procedures for the different measurement techniques and best practices across 
all stations and all European climatic regimes are paramount to facilitate the coordinated 
expansion of the network in a sustainable and efficient way. 

At international level ACTRIS operates in strong cooperation with the Global Atmospheric Watch 
Program [16] of the WMO, the ARM Climate Research Program and all the relevant research 
networks as (i.e. AERONET, GALION, NDACC, etc.) for the establishment of the ground-based 
component of the Global Earth Observation System of Systems. 
 
3. TOWARDS A GLOBAL AEROSOL OBSERVING SYSTEM  
Efforts are being made to implement global observational systems, for example through the 
Integrated Global Observing Strategy (IGOS), and the Global Earth Observation System of 
Systems (GEOSS) [17-18]. 
The model of a federated network will give the opportunity of spreading “best practice” for each 
particular instrument/parameter from regional to a global scale; a good example is the approach for 
implementing GALION, the GAW (Global Atmosphere Watch) Aerosol Lidar Network as a 
federated network of existing lidar networks (Ad-NET, ALINE, CISLiNet, EARLINET, MPLNET, 
NDACC, and CREST) [19].  
On the other side the federation of different existing networks (different instruments/parameters) at 
regional/continental scale will improve the observing capability, providing most advanced aerosol 
products as in the case of the ACTRIS research infrastructure in Europe. In this case, state-of-the-
art in-situ and remote sensing instruments can be used in synergy in order to characterize the state 
of the atmosphere, with unprecedented accuracy and detail of aerosol optical and microphysical 
properties. The research and development of new sensors, with increasing accuracies, and of data 
integration techniques play a fundamental role in the improvement of the study and monitoring of 
aerosol physical properties. Improvements in processing algorithms for advanced data product 
releases are necessary. Fundamental to this scope is the development of physically consistent 
aerosol microphysical and radiative parameterizations which are also important for performing 
satellite validation [14] and data assimilation in aerosol numerical models [20]. 
 
The general vision is mainly centred on a global research infrastructure for long-term sustained 
consistent observations of aerosols properties on a global scale implemented through a consortium 
of existing aerosol networks complementing satellite and environmental agencies.  
This global aerosol observing system should be dedicated in supporting studies in specific areas 
such as long range transboundary air pollution, weather-climate and water resources. Specific 
targets to be addressed should include: defining observational gaps and the filling of those gaps; 
standardization of measurement methods; standardization of data archival protocols; improvement 
of data quality including uncertainties; improvement of data delivery/data management system to 
multiple users including researchers. 
This observing system should foster aerosol-related process studies, validation of satellite sensors, 
model development and evaluation, assimilation of aerosol data into operational models, and build 
a comprehensive aerosol climatology on a global scale. This needs a coalition of research and an 
operational/regulatory observational system. 
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