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ABSTRACT: 
The European Aerosol Research Lidar Network (EARLINET) is a joint 

project of European Raman lidar stations. Routine vertical sounding of aerosols 
started in 2000. Since then a data base of vertically resolved particles optical 
properties over Europe has been established. Combined observations of 
EARLINET Raman lidar and AERONET Sun photometer are an excellent tool 
for an improved particle characterization. This contribution presents an example 
of particle characterization of a Saharan dust plume on the basis of such 
combined observations. 
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1.- Introduction. 
 The latest report by the Intergovernmental 
Panel on Climate Change [1] calls for an improved 
characterization of aerosols, which present one of 
the largest uncertainties in the assessment of climate 
forcing. For that reason the European Aerosol 
Research Lidar Network (EARLINET) has been 

established. EARLINET is a joint project of several 
European Raman lidar stations [2]. EARLINET 
covers an area from 58.4° N (Linköping, Sweden) to 
37.9° N (Athens, Greece) and from 4.1° W 
(Aberystwyth, Wales) to 27.4° E (Minsk, Belarus). 
Routine observations were carried out from 2000 
until 2003. One of the main goals of the EARLINET 
activities was to demonstrate that such observations 
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can be done over many years in the framework of a 
large lidar network. The experience made within this 
network may aid in the installation of lidar networks 
in other continents. 
Regular observations provide a data base on the 
horizontal and vertical distribution of aerosols on a 
continental scale [2]. Intrusion of Saharan dust into 
Europe, advection of Arctic haze from the polar 
region, and transport of biomass burning aerosol 
from North America and Siberia were labelled as 
special events and observed quasi-continuously over 
longer time periods. Aerosol plumes of these types 
were often observed as lofted layers in the lower and 
upper free troposphere [3-5], thus posing difficulties 
to ground-based and space-borne instrumentation 
that is used for particle characterization. Aerosol 
optical and physical properties often were 
significantly different from the aerosol conditions in 
the planetary boundary layer.  
In this contribution we present the case of combined 
Raman lidar and Sun photometer observations of a 
Saharan dust plume that was advected to Europe 
over a period of several days in October 2001. Data 
were taken at the EARLINET station at the Institute 
for Tropospheric Research (IfT) in Leipzig (51.3° N, 
12.4° E), Germany. Raman lidar and AERONET 
Sun photometer are located in the institute’s 
building. Characterization of Saharan dust is 
particularly challenging because of the non-spherical 
shape of the scatterers.   
Section 2 gives a general overview of the 
measurement capabilities of aerosol Raman lidar, 
section 3 presents the measurement case. Section 4 
closes with an outlook. 
 
2.- Aerosol Raman Lidar 
 The EARLINET lidar systems emit laser 
light at either 355-nm or 532-nm wavelength, or 
both wavelengths. Half of the stations also use laser 
light at 1064 nm [2]. On the basis of the collected 
signals, profiles of the particle backscatter 
coefficient at several wavelengths are determined. 
The Leipzig lidar station is capable of emitting at all 
three laser wavelengths. 
One of the major goals of EARLINET is to foster 
the use of the Raman lidars, which provide accurate 
information on the particle extinction coefficient. 
Development of such instruments started at IfT in 
1993. By the end of 2002 approximately half of the 
EARLINET systems were able to measure the 
particle extinction coefficient either at 355 nm or 
532 nm.  
The IfT station provides the particle extinction 
coefficient at both wavelengths, simultaneously. For 
that purpose nitrogen Raman signal returns are 
measured at 387 nm (355-nm primary wavelength) 
and/or 607 nm (532-nm primary wavelength) in 
addition to the elastic backscatter at the laser 
wavelengths. From these observations the volume 

extinction coefficient and the volume backscatter 
coefficient of the particles can be determined 
independently of each other [6].  
In addition such measurements also provide the 
particle extinction-to-backscatter ratio (lidar ratio). 
This quantity is dependent on the underlying 
microphysical particle properties, e.g, particle size, 
complex refractive index and shape of the particles. 
Accordingly the lidar ratio is a key quantity in the 
identification of different aerosol types, e.g., 
anthropogenic pollution, biomass burning aerosol, 
mineral dust, sea salt [3-5, 7].  
From the observations of particle backscattering and 
particle extinction the backscatter—related 
Ångström exponent [7] and the extinction—related 
Ångström exponent [8] can be determined. 
At several stations the signal components parallel 
and perpendicular with respect to the plane of 
polarization of the transmitted, linearly polarized 
laser light are detected. The ratio of the cross-
polarized to the co-polarized signal is defined as the 
depolarization ratio. This quantity provides a rather 
clear signature of, e.g., desert dust [9].  
One of the main goals of EARLINET was to ensure 
high-quality, consistent network observations. For 
that purpose lidar systems of EARLINET were 
intercalibrated during several campaigns [10, 11]. 
The computer codes used to calculate the backscatter 
coefficients from the elastic backscatter signals [12-
15] as well as the ones used for the determination of 
backscatter, extinction, and extinction-to-backscatter 
ratio from the combined elastic-backscatter and 
Raman signals were intensively intercompared [16, 
17].  
 
3.- Measurement Example 
 A Saharan dust outbreak across Europe 
occurred from 12-16 October 2001. The source 
region of the plumes was in the western regions of 
the Sahara. The event was recorded by the 
EARLINET lidar stations. A detailed description of 
the network observations is given in Ref. [18]. 
The dust plume reached from near surface to a 
maximum height of 6 km at the lidar station at 
Leipzig. Maximum optical depths were 0.67 at 380 
nm and 0.58 at 1020 nm as determined with Sun 
photometer around noon on 14 October, 2001. At 
that time absolute cloud-free condition prevailed. 
According to the lidar observations approximately 
90% of optical depth was contributed by dust above 
1-km height. Below that height optical properties 
were determined by a mixture of anthropogenic 
pollution and mineral dust [19]. Ångström exponents 
were determined with AERONET sun photometer. 
Values describing extinction in the wavelength 
range from 380 to 670 nm were 0.24 at that time. 
Profiles of the Ångström exponent determined with 
lidar showed values as low as -0.2 in the center of 
the dust plume. Particle depolarization ratios were 
10%-20% at 532-nm wavelength. The particle phase 
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function derived at several wavelengths from the 
Sun photometer data shows enhanced values at 
angles from 80-150°, and a strong reduction above 
150° compared to respective values if spherical 
shape of the particles is assumed. 
Table 1 presents important microphysical particle 
properties derived from the Sun photometer data 
with the AERONET inversion code [20, 21]. For the 
retrieval a particle model was used which takes 
account of the non-spherical shape of the scatterers 
[22]. In that model spheroids of oblate and prolate 
shape are used in the inversion.  

 
TABLE I 

Microphysical parameters of the dust particles derived 
from Sun photometer observations at 11:58 UTC. 

Numbers for real and imaginary part of complex refractive 
index, and single-scattering albedo are given at the 

wavelengths 440, 670, 870, and 1020 nm. 

 
Parameter Value 

Effective Radius 0.95 µm 

Volume Concentration 1.43 µm3/µm2 

Surface-Area Conc. 4.52 µm2/µm2 

Real Part 1.53; 1.52; 1.51; 1.51 

Imaginary Part 0.0045, 0.0013, 0.001, 
0.001 

Single-Scatt. Albedo 0.9; 0.97; 0.98; 0.99 
 
According to Table 1 the dust particles were quite 
large. The effective radius is approximately 60% 
larger than previously published values [19], which 
relied on an older version of the particle model for 
non-spherical scatterers. Details of the modifications 
will be given in a future contribution.  
Absorption increases with decreasing wavelength. 
The particles were significantly absorbing at 440 
nm. The numbers presented at 670 nm deviate from 
previously published values [19].  
Motivation for the modification of the particle model 
was the fact that the particle lidar ratio, which is 
retrieved by lidar, could not be reproduced by the 
Sun photometer observations. The lidar ratio is 
derived from Raman lidar without any assumption 
on particle size or shape. In contrast this quantity 
can be calculated from the microphysical particle 
parameters derived from the Sun photometer data. In 
the retrieval the model for non-spherical particles 
presents the most critical input parameter. A 
deviation or agreement of the column-mean lidar 
ratio derived from the Sun photometer 
measurements to the column-mean value calculated 
from the profile of the lidar ratio measured with lidar 
may therefore serve as a test of the accuracy of the 
used particle model. 

Previous calculations showed a significant deviation 
between the two methods. A column-mean lidar 
ratio of approximately 35±18 sr at 532-nm 
wavelength was derived from the Sun photometer, 
whereas the value from lidar was 62±12 sr [19]. 
Recent modifications of the particle model used in 
the AERONET inversion code increased the column 
mean lidar ratio value to 44 ± 22 sr. Although there 
still is a rather large difference between the mean 
values, the modifications of the particle model shift 
the lidar ratio into the correct direction. Furthermore 
it is worth noting that the lidar ratios derived from 
the Sun photometer observations decreased with 
increasing wavelength. This behavior was also found 
with respect to the lidar observations of the lidar 
ratio at 355 and 532 nm. 
 
Outlook. 
 A Saharan dust outbreak was observed with 
Raman lidar and Sun photometer at Leipzig, 
Germany. Such combined observations are essential 
for an improved characterization of particles, see 
also Ref. [5]. In particular non-spherical dust 
particles present an extreme challenge to inversion 
codes used for the retrieval of microphysical particle 
properties from optical measurements. The 
technique of combined observations will be an 
important corner stone for the German project 
SAMUM (Saharan Mineral Dust experiment) [23]. 
This initiative will focus on an improved assessment 
of the optical, microphysical, and radiative 
properties of mineral dust on the basis of 
coordinated in-situ (aboard aircraft and at the 
surface), and multiwavelength aerosol Raman lidar 
and multiwavelength depolarization lidar 
observations. 
Currently 6 AERONET Sun photometer stations are 
collocated with EARLINET lidar stations 
(Hamburg, Leipzig and Munich, Germany; 
Palaiseau, France; Belsk, Poland; Minsk, Belarus). 
The up-grade of these lidar stations to 
multiwavelength Raman lidar systems would create 
a network of remote sensing stations for 
comprehensive particle characterization.  
Combined network studies of EARLINET and 
AERONET in itself would present an important tool 
for advanced Earth observations. Because of the 
unique data sets generated by EARLINET, this 
network is in a favorable position to perform 
intercomparison studies between different retrieval 
techniques.  
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