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ABSTRACT: 

This work presents the CEILAP multiwavelength lidar evolution developed and built for 
tropospheric aerosol measurements from its construction in 2003 to its most recent 
configuration in 2009. This system was constructed for measuring aerosol optical 
properties height dependency to characterize their intensive and extensive properties 
linking them to aerosol local production or transport. The evolution of this system is 
presented from its first configuration consisting in a biaxial elastic lidar measuring the 
Nd:YAG laser fundamental, second and third harmonic, to the present design that includes 
nitrogen and water vapor Raman backscatter measurements in its six wavelength coaxial 
detection system. Measurements and results from those intermediate configurations, most 
of them published, are also presented emphasizing the goals that lead to the mentioned 
transitions. 
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RESUMEN: 

Este trabajo presenta la evolución de un lidar multilongitud de onda desarrollado y 
construido en el CEILAP para la medición de aerosoles troposféricos desde su primera 
concepción en el 2003 hasta su más reciente configuración en el 2009. Este sistema fue 
construido para medir la dependencia con la altura de las propiedades ópticas de los 
aerosoles y caracterizar sus propiedades intensivas y extensivas relacionadas la producción 
y transporte de aerosoles. Se presenta la evolución de este sistema desde su primera 
configuración como un lidar biaxial elástico capaz de detectar la línea fundamental del laser 
Nd:YAG y la segunda y tercer armónica hasta la configuración presente coaxial que detecta 
seis longitudes de onda incluyendo las líneas Raman de nitrógeno y vapor de agua. 
Mediciones y resultados de configuraciones intermedias, la mayoría publicados, son 
también presentadas enfatizando en los aciertos de los cambios sufridos por el equipo. 
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1. Introduction 
Lidar systems (LIght Detection And Ranging) has 
demonstrated to be a powerful tool to determine 
3D aerosol distribution and temporal evolution, 
in stand-alone or coordinated network operation 
mode. The data retrieved by these systems 
complements others done by different types of 
ground sensors such as sun photometers and 
space born instruments like MODIS, OMI, 
CALIPSO and previously SAGE and TOMS. 

Atmospheric aerosols are important due to 
their direct and indirect influence in the Earth’s 
radiative transfer balance. In addition it plays 
also an important role in atmospheric 
photochemistry. The lack of knowledge about 
their spatial distribution and composition makes 
difficult to understand and predict their effects 
in climate and the environment by means of 
numerical models. In addition aerosol are 
passive tracers that can dynamically trace air 
masses indicating features such as the 
atmospheric boundary layer height and aerosol 
transport. This knowledge is particularly useful 

to initialize and validate mesoscale dynamical 
models.  

Atmospheric water vapor distribution plays a 
fundamental role in weather and climate studies, 
atmospheric radiation budget analysis, global 
hydrological cycle and atmospheric chemistry. 

Water vapor is also a naturally occurring 
greenhouse gas and accounts for the largest 
percentage of the greenhouse effect. Water 
vapor concentrations fluctuate regionally, but 
human activity does not directly affect water 
vapor concentrations except at very local scales. 

It also plays a central role in atmospheric 
chemistry, influencing the heterogeneous 
chemical reactions that destroy stratospheric 
ozone. The effects of water vapor are large in the 
upper troposphere and lower stratosphere, but 
there are few measurements of water vapor 
concentrations and its long-term variation in 
this altitude region [1]. 

In particular, water vapor in the middle and 
upper troposphere has both direct and indirect 
effects in the atmospheric radiation budget [2]. 
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Moreover, the humidity in the upper 
troposphere has an important impact on the 
terrestrial outgoing long-wave radiation at the 
top of the atmosphere [3]. 

The role of aerosols on climate change, by 
their direct and indirect effects on the Earth’s 
radiative budget, remains an elusive parameter 
in our quantitative assessment of the factors 
controlling our climate [4]. One of their intensive 
properties is their affinity to water vapor in high 
humidity conditions (hygroscopic factor). As 
aerosols are subjected to variations in relative 
humidity, their size may increase, and their 
refractive index change. An enhancement in the 
aerosol backscatter is then observed. 
Consequently, more radiation may be reflected 
back to space, creating an overall cooling effect. 

The goal of this work is to show the design, 
construction and successive improvements of 
the CEILAP (CITEFA-CONICET) multiwavelength 
lidar conceived to emit and measure the 
fundamental (1064 nm), second (532 nm) and 
third harmonic (355 nm) wavelengths of a 
Nd:YAG laser. From its base design this system 
evolved to a new configuration in which it is now 
able to measure nighttime aerosol optical 
thickness and UV-Vis Ångström coefficient from 
the ultraviolet and visible nitrogen Raman 
returns and water vapor from the ultraviolet 
Raman returns. 

 

2. Multiwavelength Raman evolution 
The first multiwavelength lidar started to be 
constructed during the year 2003 and the first 
published measurement was done on August 
24th, 2003 [5,6]. Figure 1 shows the scheme of 
this first configuration. The emission system is a 
Continuum Surelite III Nd:YAG laser source 
operating at a maximum energy of 650 mJ per 
pulse at 1064 nm and 10 Hz repetition rate. This 
wavelength is doubled and tripled in the 
harmonic crystals to obtain 532 nm and 355 nm 
which are sent with the fundamental to the 
atmosphere. The reception for the 1064 nm 
backscattered wavelength consists on a 500 mm, 
f/2 Newtonian telescope with a 10nm 
bandwidth interference filter and a 1.5 mm 
diameter Si-APD (LICEL) in its focus. The other 
two wavelengths are collected by two twin 89 

mm, f/12 to f/16 cassegrain telescopes with 10 
nm interference filters and Hamamatsu H6780-
03 photomultipliers at its foci. Acquisition is 
based on a Tektronix TDS 420 A which collects 
the signals and sends them to a computer using a 
GPIB connection and a LabView software for 
data storage, signal visualization and lidar 
alignment. 

In this configuration it was necessary to align 
three different telescopes to keep the range 
dependent fraction of illuminated air mass seen 
by the detector (overlap function) as similar as 
possible. 

In addition it was impossible to acquire the 
first 1000 meters due to the distance (about 500 
mm) between the emission and reception 
systems. 

Figure 2 shows the polychromator detection 
scheme where the signals are optically adapted 
and converted into electronic signals. A plano-
convex lens (L1) collimates the optical beam at 
the entrance of the polychomator. Beam splitters 
(BS1 and BS2) separate the visible and 
ultraviolet radiation while interference filters 
(FI1 and FI2, 10 nm FWHM) isolates the signal 
from spurious radiation and prevents crosstalk. 
These two optical signals are focused into the 
photomultiplier (Hamamatsu H6780-03) 
modules using plano-convex lenses (L2 and L3). 
The infrared beam passes through the above-
mentioned beams splitters and it is filtered by an 
interference filter (FI3 - 10 nm FWHM) before 
reaching the detector. The LICEL module 
provides the final focusing optics before 
reaching the avalanche photodiode (APD). 

 
Fig. 1. Scheme of the first multiwavelength lidar 
system. 
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Fig. 2. Optical layout of the polychromator for the 
MWLS. 
 

We upgraded the first MWLS version [4,5] to 
increase its dynamic range (from 300 m to 13 
km) to monitor the complete tropospheric 
column. The LIDAR emission system is the same 
Nd:YAG laser (Continuum Surelite III P-IV). First 
and second harmonic are also generated. Beam-
expanders are used to reduce the beam 
divergence before sending them to the 
atmosphere. The backscattered radiation is 
collected by an f/2, 1 m focal length Newtonian 
telescope and focused into a 1 mm of diameter 
optical fiber. The distance between the emission 
and the reception is about 30 cm, therefore the 
illuminated air parcel does not overlap the 
telescope field of view along the first 300 m. The 
system scheme is depicted in Fig. 3. 

As this system did not measure atmospheric 
molecular Raman returns it was not possible to 
invert the elastic signals without using an a 
priori backscatter ratio. A first upgrade was 
made in 2006 to measure the Raman backscatter 
returns from the visible and UV laser emissions. 
Atmospheric nitrogen produces a weak amount 
of Raman backscattered light shifted by 2330 
cm-1 to give 387 nm and 607 nm from laser 
emissions of 355 nm and 532 nm respectively. 

In addition the water vapor is also retrieved 
from the ultraviolet excitation at a Raman 
shifted wavelength of 3651.7 cm-1 corresponding 
to a wavelength of 408 nm. Figure 4 shows this 
polychromator which has now filters of 1 nm 
bandwidth. The detectors are four Hamamatsu 
H6780-03 photomultipliers and a Si-APD 
(LICEL). Analog signals treatment is the same as 
before, but Raman signals are acquired in 
photon counting mode by a Licel transient 
recorder. 

The first acquired signal was obtained on 
June 21st, 2006 [7,8]. During 2008 there was a 
minor upgrade replacing the oscilloscope 
acquisition by Licel modules. Finally in 2009 
there was a major change in which all beams 
were sent in the same direction, coaxial to the 
reception telescope. This reduces the full overlap 
height (close to 100 m) and it also made them 
comparable.  

 

 
Fig. 3. Schematic overview of the MWLS Lidar setup. 
 

 
Fig. 4. Scheme of the polychromator box. 
 
 
3. Results 
An important aerosol intrusion event was 
detected in Buenos Aires with both the lidar and 
the sunphotometer on September 20th, 2004 [9]. 
Figure 5 shows the color ratio from 522 nm and 
1064 nm lidar returns. Different aerosol 
transport layers can be observed above the 
atmospheric boundary layer. The extinction to 
backscatter ratio was considered constant and 
equal to 47.6 sr for 1064 nm and 60.6 sr for 532 
nm [10]. 
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Fig. 5. Normalized color ratio from 522 nm and 1064 
nm lidar returns. 
 

Another example was observed on June 21st 
2006 [7] in which the aerosol extinction 
coefficient was calculated for 355 nm and 532 
nm combining the collected signals at these 
wavelengths and their corresponding Nitrogen 
Raman lines. For doing this the Ångström 
coefficient was set to an arbitrary value as 
presented in Ansmann [11, 12] and then its 
value was iterated to fit the Ångström power 
law. The retrieved result is presented in Fig. 6.  

The aerosol extinction is reduced between 
2.7 and 2.9 km while the Ångström coefficient 
reaches a value of 3. This can be understood as a 
presence of small particles related to the 
wavelengths used to measure this profile. This is 
predicted in Mie theory as small particles are 
expected to have an Ångström coefficient of 4 
like in the pure molecular case. 

The backscatter to extinction ratio was also 
calculated and presented in Fig. 7. It can be seen 
that for small particles this value is close to 8π/3 
which is the value for molecules.  

Raman scattered radiation has no aerosol 
backscatter then extinction inversion algorithm 
that uses Raman backscatter is much simpler 
than the one based on elastic backscatters. This 
first does not require an "a priori" knowledge of 
the aerosol backscatter to extinction ratio (kp) 
but needs a link between the extinction at elastic 
and Raman wavelengths which is the Ångström 
coefficient (Å). This last can be obtained by 
inverting two Raman profiles e.g. nitrogen 
Raman backscatter from 355 nm and 532 nm 

emission) using a constant Å for the whole 
profile, using the profiles to calculate a new 
height dependent Å, and using this value as an 
input until convergence. 

 
Fig. 6. Ångström coefficient height dependency. 
 

 
Fig. 7. Wavelength and height dependent kp profiles.  
 

The assumption is that Å wavelength 
dependency for this spectral range is negligible. 
Then the backscatter profile and kp can be also 
retrieved. It must be noticed that the Å and kp 
are valuable indicators of the aerosol intensive 
properties [10]. 

Finally, during 12th January, 2008 [13], we 
studied the nighttime behavior of the 
atmospheric boundary layer (ABL) measuring 
the aerosol and water vapor temporal evolution. 
Figure 8 shows the ABL and the normalized 
aerosol backscatter at 1064 nm, (resolution of 1 
min and 7.5 m). Different aerosol layers with 
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high values of aerosol backscatter can be 
observed.  

The National Meteorological Service 
performs a daily radiosonde measurement at 12 
UTC (10:00 AM local time) in Ezeiza, Buenos 
Aires. This new system is now able to perform a 
more accurate and sustained nighttime register 
of the water vapor evolution. This can lead to a 
more accurate initialization of meteorological 
programs, weather forecasting validations and 
local weather studies, between others.  

The achievement of this goal leads us to a 
new perspective which consists in the upgrade 
of this system to perform daytime 
measurements by reducing the field of view and 
increasing the spectral resolution of the system. 

 
Fig. 8. Normalized aerosol backscatter at 1064 nm.  

 

 
Fig. 9. Water vapor mixing ratio [g/kg]. 
 

 

Figure 9 shows the temporal evolution of the 
water vapor mixing ratio measured at a lower 
resolution, (10 min, 75 m). Comparing Figs. 8 
and 9, it is possible to observe an advected 
aerosol layer above the residual layer with high 
values of water vapor mixing ratio. This aerosol 
layer that arrived before 04:00 AM from the Río 
de la Plata basin had important water vapor 
content (as seen in Fig. 9) and probably 
hygroscopic aerosols.  

The current work presents one of the first 
results obtained with the upgraded system 
which permits higher temporal resolution. Due 
to this, it is now possible to measure the water 
vapor evolution during the night. It was also 
possible to observe aerosol of different size 
probably due to their hygroscopic properties. 

 

4. Conclusions 
This work has shown a six year evolution of the 
CEILAP’s multiwavelength lidar system and 
some measurements and results from those 
intermediate configurations, most of them 
published. 

Improvements can be noticed in the signal 
quality, number of wavelengths retrieved and 
the products that can be derived from them. 
Starting from a multiwavelength elastic biaxial 
system in 2003 the whole construction has 
evolved to reach in 2009 a multiwavelength 
coaxial Raman configuration acquiring signals in 
analog and photon-counting modes. The next 
step in this evolution consist on adding 
depolarization to one of its elastic channels, 
probably 532 nm to get information about non 
spherical particles at this wavelength.  

 

Acknowledgments 

Authors thank the following institutions: JICA, 
CONICET, ANPCyT and CONAE for the provided 
support in the realization of this work. 

 

 

http://www.sedoptica.es/�

	Seis años de evolución del sistema lidar multilongitud de onda en el CEILAP
	1. Introduction
	2. Multiwavelength Raman evolution
	3. Results
	4. Conclusions


