
ÓPTICA PURA Y APLICADA – Vol. 39, núm. 1 – 2006 – 3rd-Workshop LIDAR Measurements in Latin América 
 

Recibido: 26 october 2005 - 49 -

 
RAMAN LIDAR measurements at the Andalusian Centre for 

Environmental Studies, CEAMA 
 

Medidas LIDAR RAMAN en el Centro Andaluz de Medio Ambiente, CEAMA 
 
 
 

Guerrero-Rascado J. L. (1), J. E. Gil (2), F. J. Olmo (3) and L. Alados-Arboledas (4) 
  
 

1. Grupo de Física de la Atmósfera. Departamento de Física Aplicada. Universidad de 
Granada, Granada, 18071, Granada, Spain. 958244024. rascado@ugr.es 

2. Grupo de Física de la Atmósfera. Departamento de Física Aplicada. Universidad de 
Granada, Granada, 18071, Granada, Spain. 958244024. jegilroca@ugr.es 

3. Grupo de Física de la Atmósfera. Departamento de Física Aplicada. Universidad de 
Granada, Granada, 18071, Granada, Spain. 958240023. fjolmo@ugr.es 

4. Grupo de Física de la Atmósfera. Departamento de Física Aplicada. Universidad de 
Granada, Granada, 18071, Granada, Spain. 958244024. alados@ugr.es 

 
 

 

ABSTRACT 
 

This work presents some preliminary results of the LIDAR system operated at the 
Andalusian Centre for Environmental Studies (CEAMA). This LIDAR system located in 
South-eastern Spain has been set up in an urban environment of Granada, a non-industrialised 
medium size city (37.18ºN, 3.58ºW and 680 m a.s.l.). The RAMAN LIDAR system is based 
on a Nd:YAG, the radiation is transmitted into the atmosphere at 1064, 532 y 355 nm. 
Detection is performed in four elastic channels (1064, 532 cross-polarized, 532 parallel-
polarized and 355 nm) and two inelastic channels so-called Raman channels (387 and 408 
nm). The system has been used to measure vertical profiles of different atmospherics 
properties under daytime and night time conditions in analogical and photon counting mode. 
The LIDAR data are analysed in synergy with a CIMEL radiometer.  
 

Keywords: Atmospheric aerosols, Sunphotometer, Raman LIDAR, Elastic LIDAR, 
remote sensing 

 
RESUMEN 

 

En este trabajo presentamos resultados preliminares del sistema LIDAR operado en el 
Centro Andaluz de Medio Ambiente (CEAMA), situado en el Sur este de España en Granada 
(37.18ºN, 3.58ºO y 680 m a.s.l.), ciudad de tamaño medio y baja industrialización. El sistema 
RAMAN LIDAR está basado en un láser de Nd:YAG, emitiendo en longitudes de onda de 
1064, 532 y 255 nm. La detección ser realiza en cuatro canales elásticos (1064, 532 
polarización paralela, 532 polarización cruzada y 355 nm) y dos canales inelásticos 
correspondientes a la dispersión RAMAN del Nitrógeno y el Vapor de agua (387 y 408 nm). 
El sistema se ha empleado para la medida de los perfiles verticales de diferentes propiedades 
atmosféricas durante el día y la noche. Los datos LIDAR se analizan en combinación con las 
observaciones de un radiómetro CIMEL. 
 

Palabras clave: Aerosoles atmosféricos, Fotómetro solar, LIDAR Raman, LIDAR elástico, 
detección remota. 
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1.- Introduction 

The atmospheric aerosol must be 
studied from different perspectives. 
Knowledge of the atmospheric aerosol 
properties is of paramount importance due 
to its contribution to the climate change, 

both through its direct and indirect effects. 
According to Intergovernmental Panel on 
Climate Change (IPCC),1 the largest 
uncertainties in the assessment of climate 
forcing arise from poor quantification of 
atmospheric aerosol effects. This problem is 
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in substantial part related to a lacking of 
vertically resolved global aerosol 
monitoring network. In contrast to other 
climate-relevant and highly variable 
atmospheric constituents such as water 
vapour and ozone, aerosols are mainly 
observed in terms of column or surface 
values of chemical, optical, and physical 
properties. But this approach is not 
sufficient. For a proper description of 
aerosol radiative effects in atmospheric 
models the knowledge about the height at 
which the particles occur is essential.2,3 
Likewise ignoring the vertical layering of 
aerosols can lead to severe uncertainties in 
the aerosol remote sensing from space.4  

During the past years the 
Atmospheric Physics Group of the 
University of Granada has developed an 
active research activity in the field of 
atmospheric radiative processes, with 
special regards to the role of clouds and 
aerosols in the surface radiation budget. 
This has lead to the implementation of a 
rather complete radiometric station, 
recently deployed at the facilities of the 
Andalusian Centre for Environmental 
Research (CEAMA) located in the city of 
Granada (37.18ºN, 3.58ºW, 660 m a.s.l).  

The station includes measurements of 
radiative fluxes by means of broadband 
radiometers covering different spectral 
bands from UVB to thermal infrared. A 
Multi Filter Rotating Shadow band 
Radiometer provides global, diffuse and 
direct irradiances, by difference of the 
previous ones, in narrow spectral bands. On 
the other hand, aerosol properties in the UV 
range are retrieved by measuring the direct 
component of the UV radiation by means of 
a BENTHAM-DMc150 spectroradiometer 
equipped with a collimator mounted in a 
robotic system. The spectroradiometer is 
equipped with two optical fibres that offer 
the possibility to alternatively measure the 
input provided by the collimator and by a 
cosine response diffuser. The last will 
provide the diffuse and global UV spectral 
fluxes by the use of an automatic shadow 
band system. This set of radiative 

measurements in the UVB will be 
processed to retrieve the aerosol properties 
in this spectral range. As part of the 
measuring program an all-sly CCD camera 
equipped with a fish-eye lens and mounted 
in a sun-tracking-shadow system provides 
information on cloud cover in an automatic 
way. Two key instruments are the CIMEL 
radiometer and the RAMAN-LIDAR 
system that are described in detail in the 
next section. The first instrument has been 
included recently, by the end of 2004, in the 
Aerosol Robotic Network (AERONET).5 
On the other hand, the RAMAN-LIDAR 
system has been accepted recently in 
EARLINET.6 

 

2.- Experimental set-up 
The Andalusian Centre for 

Environmental Research (CEAMA) located 
in the city of Granada (37.18ºN, 3.58ºW, 
660 m a.s.l). It is an inland location located 
in the South-eastern of Spain; its 
continental conditions are responsible for 
great temperature differences, cool winters 
and hot summers. The diurnal temperature 
range lets the possibility of freezing on 
winter nights. Most rainfalls occur during 
spring and wintertime. Summer is normally 
very dry with few rainfalls in July and 
August.  It also presents a low humidity 
regime.  Granada is a non-industrialized 
medium size city. The area is located in a 
basin surrounded by mountains with the 
higher mountain range located at the 
Southeast side. Characterization of aerosol 
properties in the South-eastern Spain is 
important due to its proximity to the 
African continent that can permit us 
studying the Saharan dust just entering 
Europe continent before its possible mixing 
with anthropogenic emission in Europe.  

In order to characterize the 
atmosphere different methodology can be 
used. In this work we use LIDAR data 
corresponding to elastic and inelastic 
(Raman) signals. On the one hand elastic 
data are presented and analysed in synergy 
with aerosol optical depth measurements 
obtained by a CIMEL radiometer.  On the 
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other hand auto consistent Raman data are 
displayed. 

The Raman LIDAR system is 
configured in a monostatic biaxial 
alignment arrangement based on a Nd:YAG 
laser source with fundamental wavelength 
at 1064 nm, however the radiation is 
transmitted into the atmosphere 
simultaneously at 1064, 532 y 355 nm due 
to is equipped with second and third 
harmonic generator. This LIDAR has 
output energies at the mJ level (100, 55, 60 
mJ at 1064, 532, 355 nm, respectively) and 
laser shots are fired with a pulse repetition 
frequency of 10 Hz typically and pulse 
duration of  7-8 ns. Laser beam is expanded 
to 21 mm in diameter. The radiation 
backscattered is collected by a receiving 
telescope based on a 400 mm diameter 
Cassegrain design. The collected radiation 
is split into six channels by dichroic mirrors 
and interferential filters are used in order to 
select the elastic backscattered radiation at 
1064, 532 cross-polarized, 532 parallel-
polarized and 355 nm, the Nitrogen Raman 
shifted signal at 387 nm and Water Vapour 
Raman shifted signal at 408 nm. Detection 
is carried out by photomultiplier tubes 
(PMT´s) and avalanche photodiode (APD). 
In order to improve the dynamic range over 
all sounding altitudes acquisition in 
analogical (low range signal) and photon 
counting mode (high range signal) are 
employed. Analogical mode is used at 
1064, 532 (cross-polarized and parallel-
polarized) and 355 nm, and photon 
counting mode is used at 532 (cross-
polarized and parallel-polarized), 355, 387 
and 408 nm.  Modes combination allows 
obtaining a good signal over all altitudes. 
The system has been employed to measure 
vertical profiles of different atmospherics 
properties under daytime and night time 
conditions.  

CIMEL CE-318 sun photometer 
provides solar extinction and diffuse sky 
radiance measurements. Solar transmission 
measurements are performed at 340, 380, 
440, 500, 670, 870, 940 and 1020. Sky 
measurements are performed at 440 nm, 

670 nm, 870 nm, and 1020 nm by means of 
almucantar and principal plane 
observations. The measured aerosol optical 
depth is derived from the total optical depth 
using the appropriate calibration constant 
and subtracting the Rayleigh optical depth 
and O3 and NO2 absorption optical depths. 
The sky radiances and aerosol optical depth 
measurements are inverted to carry out 
columnar optical properties of the aerosol 
like aerosol phase functions, asymmetry 
parameters and single scattering albedo 
applying spherical and non-spherical 
algorithms. 

 
3.- Measurement Examples 
3.1- Revision 

LIDAR technique is a powerful tool 
to visualize aerosols with high temporal and 
spatial resolution.  Two algorithms can be 
used in order to retrieval LIDAR signals 
allowing an improved atmospheric 
characterization. However restrictions 
concerning its application must be taken 
into account.   

An approach is the elastic LIDAR 
procedure (Klett’s inversion technique) 
where the retrieval of extinction and 
backscatter coefficients profiles by this 
traditional method   exhibit a well know 
problem that two quantities must be 
calculated from only one measured LIDAR 
signal. An a priori unknown parameter so-
called LIDAR Ratio, i. e. the Ratio between 
aerosol extinction and backscatter 
coefficient, is needed.7 LIDAR Ratio 
depends not only height but also aerosol 
type, nevertheless is considered constant 
over all altitudes. The error induced by 
assuming a height-independent LIDAR 
Ratio is treated in the literature.8   

Other different approach is the 
Raman LIDAR procedure where the Raman 
shifted nitrogen backscatter signal is 
considered. This method is an improvement 
versus elastic technique due to allows the 
independent determination of aerosol 
extinction and backscatter coefficient.  
Aerosol extinction coefficient is obtained 
from Raman shifted nitrogen backscatter 
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signal and aerosol backscatter coefficient is 
determined from the Ratio of two signals 
(at laser and shifted wavelength), providing 
a variable extinction to backscatter Ratio.9  
Because of the low intensity of Raman 
signals, this method is only applicable 
during the night as sky background is 
enough low. 
 
3.2- Day-time Measurements 

The Raman LIDAR system operated 
by Atmospheric Physic Group at the 
Andalusian Centre for Environmental 
Studies (CEAMA) incorporates multiple 
tools to characterize atmospheric aerosols 
vertically. A basic option enables to obtain 
range corrected LIDAR signal intensity, in 
arbitrary units, value which is proportional 
to aerosol concentration. In this way varied 
structures can be visualized into 
atmosphere, such as clouds or Saharan dust. 
Figures 1 and 2 show range corrected signal 
at 355 nm for 01and 19 April 2005 at 
different scales. 

 

 
 
Figure1.- Range corrected signal (arbitrary units) at 
532 nm on 1 April 2005. Two cloudy structures at 6 
and 9 km can be observed along with the Planetary 

Boundary Layer evolution. 

As stated in the previous section, 
Klett’s method assumes a guessed height-
independent LIDAR Ratio. In order to carry 
out a good selection, a synergetic approach 
with CIMEL sun-photometer has been used. 
To derive the correct values of the vertical 
profile of aerosol backscatter coefficient in 
the lower troposphere, an iterative inversion 
approach (by “tuning” the LR values) has 
been used. The method is based on the 
inter-comparison   of   the   aerosol   optical 

 
Figure2.- Range corrected signal (arbitrary units) at 

532 nm on 19 April 2005 shows the Planetary 
Boundary Layer evolution. In this case no structures 

can be observed above 2 km. 
 
depth values derived by LIDAR and 
CIMEL data, assuming the absence of 
stratospheric aerosols and that the Planetary 
Boundary Layer is homogeneously mixed 
between ground and the height where the 
LIDAR overlap factor is close to 1. In this 
sense, aerosol optical depth from LIDAR 
data is calculated by following equation: 

 

( ) ( ) ( )0·
overlap

z

overlap z
z z z dzλ λδ λ α α= ∆ +∫  

 
where ( )δ λ is aerosol optical depth at 
wavelength λ , overlapz  is the height where 
the LIDAR Overlap Factor is close to 1, 

z∆ is the difference between overlap height 
and LIDAR station height, ( )zλα  is the 
aerosol extinction coefficient, 0z  is an 
upper limit which represents an aerosol free 
region and z is a integration variable. 
 

 
 

Figure 3.- Aerosol extinction coefficient profiles at 
355 and 1064 nm on 19 April 2005 from 09:00 to 
10.00 GMT. Profiles were obtained for different 

LIDAR Ratios. 
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Table 1.- Aerosol optical depth at 355 and 1064 nm 
on 19 April 2005 from 09:00 to 10.00 GMT.  

LIDAR AOD were calculated from different LIDAR 
Ratio values. 

 
Channel 

(nm) 
LIDAR 
Ratio 

LIDAR 
AOD 

CIMEL 
 AOD 

 
355 

25 
30 
35 

0.36 
0.39 
0.42 

 
0.29 

 
1064 

50 
55 
60 

0.05 
0.05 
0.06 

 
0.07 

 
Figure 3 shows different backscatter 

coefficient profiles calculated from LIDAR 
data for several LIDAR Ratios. Table 1 
presents aerosol optical depth retrieved 
from CIMEL and LIDAR, respectively, 
along with corresponding LIDAR Ratio 
values. Estimated error for CIMEL sun-
photometer is + 0.01 whereas assumed error 
for LIDAR is about 25%. Taking into 
account these considerations LIDAR Ratio 
is varied iteratively until the difference 
between AOD CIMEL and AOD LIDAR 
was less than 25%. In this way in that case 
shown in Table 1 the best choice for the 
LIDAR Ratio at 355 nm is 25 sr that 
correspond to an AOD LIDAR of  0.36 and 
AOD CIMEL of 0.29. Similar 
considerations have been done for the 
choice of a LIDAR Ratio of 60 sr at 1064 
nm (AOD LIDAR 0.06 and AOD CIMEL 
0.07).   
 
3.3- Night-time Measurements 
 Aerosol extinction coefficient at 355 
nm is calculated from the measured profile 
of the Raman shifted nitrogen signal. 
Considering that only low signal-to-noise 
ratios allow Raman measurements into 
atmosphere, operation is restricted at night 
time and averaging both in space and time 
is necessary in order to reduce noise. 
Typically temporal averaging is one hour 
and minimum spatial averaging is 60 m. 
 Figures 4-6 show profiles for 
different aerosol parameters obtained by 
Raman measurements on 14 April 2005. 
The results shown in Figure 6 evidence the 

layered structure of the LIDAR Ratio, 
evidencing in this way the simplification 
that represents the use of a single LIDAR 
Ratio in Klett’s algorithm, used in elastic 
signal treatment. 
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Figure 4.- Aerosol extinction coefficient profile at 
355 nm on 14 April 2005 from 17:51 to 20.02 GMT. 
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Figure 5.- Aerosol backscatter coefficient profile at 
355 nm on 14 April 2005 from 17:51 to 20.02 GMT. 
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Figure 6.- LIDAR Ratio profile at 355 nm on 14 
April 2005 from 17:51 to 20.02 GMT. 
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3.4- Depolarization Ratio 
LIDAR Depolarization Ratio is 

defined as the Ratio backscatter raw signal 
on planes perpendicular and parallel to the 
one of the laser beam respectively. Low 
values of Depolarization indicate these are 
spherical particles; on the contrary high 
values indicate non-spherical particles like 
dust or cirrus. LIDAR system provides 
Depolarization Ratio at 532 nm enabling to 
detect some cloudy structures and non-
spherical particulates.  

Typical values for the dust event are 
20-30% whereas for cirrus clouds are about 
50%.10 Figure 7 compare profile for a 
cloudy day (1 April 2005) and a cloud-free 
day (16 April 2005).  For the first day we 
detect a layered structure with two layers 
with values of depolarization ratio greater 
than 0.2, with higher values at the highest 
layer. In this case both layered structures 
correspond to height where our analyses 
evidence the presence of clouds. For the 
cloudless day the retrieved depolarization 
values evidence that the lowest layer below 
2 km presents a sharp decrease of 
depolarization ratio with height. This 
evidences the great load of mineral particles 
in the lowest layers due to local 
resuspension of mineral dust representative 
of the dry conditions affecting the area 
during these dates  when bare soil were 
removed in building activities in the South 
part of the city. 

 
 

4- Concluding remarks 
  We have presented some 
preliminary results of the RAMAN LIDAR 
system installed at the Andalusian Center of 
Environmental Research, CEAMA. This 
equipment is part of a rather complete 
station designed to characterize the 
atmospheric aerosol properties and its 
contribution to the Earth’s radiative forcing. 
The columnar resolved and integrated 
characterization accomplished by the 
instrumentation presented in this paper will 
be completed along this year with optical 
instrumentation, integrating nephelometer,  
absorption photometer and aerosol particle 
sizer, and filter sampling of the atmospheric 
aerosol at the surface level, in order to 
provide a complete physical and chemical 
characterization of the aerosol particles.  
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Figure 7.- Depolarization Ratio for a cloud-free day 
(16 April 2005) and a cloudy day (1 April 2005). 

Clearly a cloudy structure is observed about 6 km. 


