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ABSTRACT 
 

The R-MAN510 is a new Raman dual polarized lidar super ceilometer which combines the 
benefits of bothceilometer (low cost and high repetition rate) and lidar systems (low overlap 
and high measurement range). Thisautomatic and stand-alone ultraviolet lidar (at 355 nm) 
has been especially designed for network applicationswith a low-maintenance diode-pumped 
laser.  
This lidar is composed of three detection channel for the elastic co- andcross-polarizations 
and one for the nitrogen Raman backscattered signal at 387 nm. The elastic channels are 
used for the detection of atmospheric structures (Planetary Boundary Layer and residual 
layer heights, aerosol andcloud layers) with a gradient method. The perpendicular channel is 
used for the retrieval of particle depolarizationratio which gives an additional information on 
aerosol shape and sphericity. It is thus possible to highlight dustaerosols (desert dusts, 
volcanic ashes,…) and ice crystals in high altitude cirrus cloud which are characterized 
byhigh depolarization values. The nitrogen Raman channel of the lidar is crucial for the 
constraint of the elasticchannel and the accurate retrieval (uncertainty lower than 10%) of 
aerosol optical properties (aerosol extinctionand backscatter coefficients, extinction-to-
backscatter ratio). This is an essential point as a reliable extinctioncoefficient profile is 
needed for the assessment of volcanic ash concentrations. By combining information 
onatmospheric structures and optical properties it is possible to discriminate and to classify 
aerosol (dusts, volcanicashes, sea salt, continental pollution) and cloud layers (low, middle, 
high clouds). 
We will present here the first results obtained with this new commercial lidarsystem. The lidar 
capabilities and performances are discussed according to atmospheric conditions. 
 
 

1. INTRODUCTION 
 

Aerosols come from various sources which can be natural (sea salt, desert dust, volcanic 
aerosols) or anthropogenic (traffic, industries and biomass burning). The characterization 
and the understanding of physical processes involved are made tough by the high spatial 
and temporal variabilities of aerosol chemical, optical and physical properties.  
The impact of aerosols on climate still remains out-of-the-way as shown in the last report of 
the Intergovernmental Panel on Climate Change [1]. Aerosol direct radiative effect is due to 
absorption and scattering of solar and infrared telluric radiations [2]. The semi-direct effect is 
caused by aerosol absorption which involves a local heating and leads to modifications in 
atmospheric circulation [3] and cloud burn-off [4]. Aerosol acts as cloud condensation nuclei 
(indirect effect) increasing the number and decreasing the size of droplets and thus modifies 
cloud albedo [5]. A lot of studies have also shown that fine particles (particularly PM2.5 and 
PM1) impact on human health especially for pollution and biomass burning aerosols [6]. This 
is a problem to deal with since almost half of the world population lives in urban areas. More 
recently the eruption of Eyjafjallajökull volcano has injected a lot of volcanic ashes in the 
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troposphere that caused a variety of hazards to humans and machinery on the ground, as 
well as damage to aircraft that fly inadvertently through ash plumes.  
In order to improve our understanding of aerosol impacts on climate change and human 
health and activities, it is indispensable to have accurate, continuous and range-resolved 
profiles of aerosol optical properties. Such measurements are only possible with lidar remote 
sensing techniques. 
 
 

2. THE R-MAN510 LIDAR CHARACTERISTICS 
 

The R-MAN510 (Fig.1) is a compact (1150x800x650 mm) and light lidar (105 kg), based on a 
low maintenance diode pumped Nd:YAG laser at 355 nm.The detection is composed of two 
channels at 355 nm (// and ⊥) and one channel at 387 nm for the measurement of the 
nitrogen Raman backscattered signal. Measurements are performed in both analog and 
photon-counting modes with a typical vertical resolution between 15 and 60 m and a 
temporal resolution between 30 seconds (for elastic channels) and 10 minutes (for Raman 
channel). The main technical characteristics of the R-MAN510lidar are summarized in Tab.1. 
 
 

Figur
e 1. The R-MAN510 Raman lidar super 

ceilometer. 
Table 1. Main technical characteristics of the R-

MAN510. 
 
 

3. INVERSION ALGORITHM 
 

From the three detection channels, the inversion algorithm enables the retrieval of 
atmospheric structure (cloud and aerosol layers, planetary boundary layer height) and 
aerosol optical parameters (aerosol backscatter and extinction coefficients, lidar ratio, optical 
depth, particle depolarization ratio).Combining these different information, a typing is 
performed to identify and classify aerosol and cloud layers.The general flow chart of the R-
MAN510lidar is given on Fig.2 and the different steps are detailed in the next sections. 
 
 



 
Figure 2. General flow chart of the R-MAN510 inversion algorithm used for the determination 

of atmospheric structure (green), optical parameter (light blue) and aerosol typing (red) 
 
 
 

4. DETECTION OF ATMOSPHERIC STRUCTURES 
 

Planetary Boundary Layer (PBL) height is retrieved with a 2D method using edge detection. 
The gradient image of the elastic // channel gives, with an automatic threshold method, an 
estimation of atmospheric boundary layer and residual layer heights. An example of PBL 
detection on 1st April 2012 is given on the left panel of Fig.3. 
 

 
Figure 3.Final detection of mixing layer (black dots) and residual layer(red dots).  

 
The next step is the detection of base and top of cloud and aerosol layers using both elastic 
channels. The method is based on an automatic gradient detection using attenuated 
backscatter ratio. An example of structure detection is given on Fig. 4. 



 
Figure 4.Final detection of the base (black dots) and top (red dots) of aerosol and cloud 

structures. 
 
 
 

5. RETRIEVAL OF AEROSOL OPTICAL PROPERTIES 
 

Once atmospheric structures are detected, optical properties (i.e. aerosol extinction and 
backscatter coefficients, aerosol optical depth AOD, backscatter ratio, linear and particle 
depolarization ratio) are retrieved in each layer (PBL, aerosols and clouds layers). 
The linear volume and particle depolarization ratio are retrieved from both co- and cross-
polarization channels. The calibration of the depolarization (to correct the cross-talk between 
the channels) is realized with an absolute calibration procedure performed at the end of 
manufacturing of each R-MAN510. Aerosol depolarization ratio gives an additional information 
on aerosol shape and is a crucial parameter to discriminate aerosol and cloud type.An 
example is given on figure 5 during a dust event observed over Paris the 18th August 2012. 
The dust layer can be clearly distinguished the afternoon in the free troposphere (between 2 
and 5 km) with high depolarization ratio (20-30%). We can also notice the presence of cirrus 
clouds the morning at 12 km height where ice crystals show depolarization up to 50-60%. 
 

 
Figure 5.Linear volume (left) and particular (right) depolarization ratio during a dust event the 

18th august 2012 over Paris. 
 
The Raman channel is used as a constraint for the elastic channel of the lidar to ensure a 
reliable retrieval of extinction coefficient (left panel on figure 6). The corresponding aerosol 
optical depth at 355 nm has been computed and compared with sun-photometer coincident 
measurements at 340 and 380 nm (rightpanel on figure 6).  
 



 
Figure 6.Aerosol extinction coefficient (left) and comparison of R-Man510 (black) and sun-

 

6. AEROSOL AND CLOUD TYPING 
 

The lidar ratio (i.e the ratio between extinction and backscatter) and linear particle 

photometer AOD (bottom). 

 

depolarization ratio are finally used for theautomatic classification of aerosol layer in 4 types 
(continental pollution, dust, ice crystals and marine aerosol). The cloud are classified in 4 
types (cirrus, altostratus, altocumulus and low cloud) using altitude of the top layer and 
optical depth (integrated extinction in cloud layer). On the following example (Fig. 7) we can 
clearly distinguish between aerosols in the PBL (in orange), dust layers (in brown) and 
clouds (grey and white). 
 
 

 
Figure 7.Lidar signal at 355nm with cross-polarization (left panel) and cloud and aerosol 

 

7. CONCLUSION 
 

The R-MAN510ramanlidar super-ceilometer contributes to fill in a lack of actual ground based 
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typing in R-MAN510 (right panel). 

 

measurements especially in aerosol detection and classification. This new polarized and 
nitrogen Raman networkable lidar provides automatic and real-time detection of atmospheric 
structure, retrieval of optical properties and classification of cloud and aerosol layers. It will 
improve our understanding of aerosol impacts on climate, human health and will help for 
decision in case of atmospheric hazards such as volcanic eruptions. This instrument, in 
synergy with in-situ measurement, enables the assessment of mass concentration in 
volcanic aerosol layers and will help aviation authorities to prevent air traffic disruptions. 
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