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ABSTRACT: 
During the months of January through March 2004 Lidar measurements were 

carried with an aerosol backscattering LIDAR within the frame of the 
HIBISCUS-TROCCINOX-TROCCIBRAS campaign. The main goals of this 
joint campaign were to study the impact of aerosols and ozone precursors being 
transported to the stratosphere due convection vertical motion. The data here 
presented summarizes these measurements with a special emphasis to the 
planetary boundary layer altitude and its time evolution, cloud base height and
some instances of calculated aerosol backscattering coefficient in the 532 nm. 
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RESUMEN: 
Durante los meses de Enero a Marzo de 2004 se hicieron medidas Lidar con 

un LIDAR de retro dispersion de aerosol, dentro del marco de la campaña 
HIBISCUS- TROCCINOX-TROCCIBRAS. El objetivo principal de esta 
campaña fue estudiar el impacto de aerosoles y precursores de ozono que son 
trasportados a la estratosfera debido a l moviemiento convectivo vertical. Los 
datos aquí presentados, resumen estas medidas con un enfasis especial en la 
altitud de la capa límite planetaria y su evolución temporal, altura de nubes bajas, 
y algunos casos de coeficientes de retro dispersion de aerosol calculados en la 
longitud de onda de 532 nm. 
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1. Introduction 
 

During the months of January 
though March Lidar measurements with an 
aerosol backscattering LIDAR were taken 
in the frame of the Troccibras (Hibiscus – 
Troccibras) Campaign. 

The TroCCiBras (Tropical 
Convection and Cirrus experiment Brasil) 
campaign was conducted jointly with the 
European HIBISCUS and TROCCINOX 
projects from January 21st to March 11th 
2004 at Bauru, 22,355°S - Long: 49,03°W, 
620 m above sea level. The general 
objective of TroCCiBras, was to obtain a 
set of special measurements throughout the 
troposphere and the lower stratosphere. 
Altogether, seven Brazilian research 
institutions, as well as the German Max 
Planck Institute for Chemistry, participated 
actively in the field campaign. The 
objective of HIBISCUS was to study the 
impact of convection on the composition of 
the Upper Troposphere and Lower 
Stratosphere (UT-LS). The approach taken 
was twofold: process studies at local scale 
over Brazil and the global view on ozone, 
NOx, clouds and water vapour at global 
scale at tropical latitude. The last makes use 
of satellite observations from 
ENVISAT/GOMOS and ODIN, remote 
measurements from 25 to 7 km by solar 
occultation from IR Montgolfier long 
duration balloons, in situ measurements on 
constant level super-pressure balloons at 18 
and 19 km. Besides there was an interest in 
comparing these results to global model 
simulations (ECMWF, REPROBUS, 
TOMCAT, LMDz) to understand the NOx 
production by lightning as well the water 
vapour stratospheric fountain mechanism. 
Among processes in the Tropopause 
Tropospheric Layer region: the most 
interesting and little known are the uplifting 
of tropospheric chemical species (e.g. 
COVs) and aerosols, the volume of NOx 
produced by lightning, the injection of 
water vapour across the tropopause, and the 
formation of thin cirrus clouds, in 

association with convective storms. These 
processes have been investigated during 
HIBISCUS by a combination of small 
balloon flights carrying several 
complementary instruments together for a 
few hours across the upper troposphere and 
by the lower stratosphere and simultaneous 
sonde ascents for clouds and ozone 
measurements. The measurements 
performed in a variety of meteorological 
situations are being compared to mesoscale 
chemical simulations models (LES clouds, 
RAMS, and Meso-NH) to explore how well 
are understood the mechanisms.  
 
2.  Experimental Set-up 
 

The Lidar system comprises a 
commercial Nd:YAG laser (“Brilliant”, by 
Quantel SA) operating at the second 
harmonic frequency (SHF), namely at 532 
nm, with a fixed repetition rate of 20 Hz 
and energy pulse as high 120 mJ, with an 
average emitted power up to values as high 
as 3.3 W. The emitted laser pulses have a 
divergence of less than 0.5 mrad. The 
backscattering signal was captured by a 
Newtonian telescope, with a 30 cm 
diameter primary mirror  (focal length f=1.3 
m)  used to collect the backscattered laser 
light. The telescope’s field of view (FOV) 
is variable (0.5-5 mrad). 

The system is currently operated 
with a fixed FOV of the order of 1 mrad, 
which according to geometrical calculations 
(Chourdakis et al. – 2002) permits a full 
overlap between the telescope FOV and the 
laser beam at heights higher than 300 m 
above the Lidar system.  This FOV value, 
in accordance with the detection 
electronics, permits the probing of the 
atmosphere up to the free troposphere (5-6 
km asl.). To take into account the non-full 
overlap below 300 m, an overlap factor 
correction could be employed (Chourdakis 
et al. 2002). Among the experimental 
methods proposed to determine the Lidar 
overlap factor, two techniques have to be 
mentioned: one method proposed by Sasano 
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et al., 1979 and by Pavlow et al. 2004, in 
which multi-angle Lidar profiles are 
employed, and one method based on the 
Raman scattering due to the atmospheric 
nitrogen, as recently shown by Wandinger 
and Ansmann (2002). However, such 
Raman channel is not currently available, 
and is foreseen for the near future upgrade 
of our system. This will enable us to 
determine the aerosol extinction and the 
aerosol backscatter coefficients 
independently at 355 nm (Ansmann et al., 
1990).  

The data was digited in the 
beginning of the campaign with a digital 
oscilloscope with 1 GHz bandwidth and 11-
bit resolution; short after this device was 
replaced with a transient recorder with the 
capability of simultaneous analog and 
photon counting measurements with a 
better resolution (12 bit).  

The backscattered laser radiation 
collected by the telescope is then sent to a  
photomultiplier tube (PMT- developed by 
Hamamatsu) coupled to a narrow band (1 
nm FWHM) interference filter, to assure the 
reduction of the solar background during 
daytime operation and to improve the 
signal-to-noise ratio (SNR) at altitudes 
greater than 3 km. The PMT output signal 
was recorded  in a transient recorder (Licel) 
in both analog and photoncounting mode. 
Data were averaged between 2 to 5 minutes 
and then summed up over a period of about 
one hour, with a typical spatial resolution of 
15 m (30 m), which corresponds to a 100 ns 
temporal resolution. 
 

 
 

Figure 1. Experimental Setup 

3. Data Analysis and Methodology 
 
3.1.  Lidar Inversion Algorithm 

In the present stage, the retrieval of 
the aerosol optical properties is based on 
the measurements of the aerosol backscatter 
coefficient (βaer) at 532 nm, up to an 
altitude of 5-6 km asl. The determination of 
the vertical profile of the aerosol 
backscatter coefficient relies on the LIDAR  
inversion technique following a far-field 
inversion algorithm, as proposed by Fernald 
(1984) and Klett (1985), where no multiple 
scattering correction is applied, under the 
assumption of elastic scattering by spherical 
aerosols. It is well known that multiple 
scattering occurs mostly under low-
visibility conditions (presence of water 
droplets, ice crystals, fog, haze, etc.). As 
stated by Measures (1992) depolarization 
ratio values in excess of about 0.02 can 
arise from spherical particles (water 
droplets) in the event of multiple scattering. 
If the scattering particle is non spherical 
(such as ice crystals, dust and biomass 
burning particles) the depolarization ratio 
increases (Measures 1992) and typically 
ranges between 0.2 and 0.5 (Tataro et al. 
2004). Depolarization studies can thus 
provide some insight into the distribution of 
ice and water in clouds and also can help to 
discriminate between spherical and non 
spherical atmospheric aerosols. 

In this paper we did not consider 
multiple scattering effects, since no low-
visibility conditions were taken into 
account. The valuable information given by 
depolarization of the incident linearly 
polarized laser beam is not available in the 
actual version of our Lidar system. 
However, a depolarization channel at 532 
nm is foreseen in the next phase of upgrade 
of our aerosol Lidar system, thereforeto 
distinguish between spherical (such as dust 
or biomass aerosols) and non-spherical 
(such as ice crystals) particles under high 
visibility conditions (no multiple scattering 
effects). 
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One has however to bear in mind 
that this inversion technique is an ill-posed 
problem in the mathematical sense, leading 
to errors as large as 30% when applied 
(Papayannis and Chourdakis 2002). In 
general, the inversion of the LIDAR profile 
is based on the solution of the basic LIDAR 
equation (equation 1), taking into account 
the atmospheric solar background radiation 
correction (Measures 1992, Papayannis and 
Chourdakis, 2002): 
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where, P(λ, R) is the LIDAR signal 
received from a distance R at the 
wavelength λ, PL is the emitted laser power, 
A0 is the telescope receiving  area, ξ(λ) is 
the receiver’s spectral transmission factor, 
β(λ,R) is the atmospheric volume 
backscatter coefficient, ζ(R) is the overlap 
factor between the field of view of the 
telescope and the laser beam, α(λ,R) is the 
extinction coefficient, c is the light speed 
and τ is the laser pulse length.  

In equation (1), the α and β 
coefficients can be separated in two sets, 
one for the molecular scattering component 
and the other for the particle scattering 
component. Besides, in the Klett inversion 
technique, there is a reference altitude, Zref, 
which is used as an upper limit, and has to 
be in an aerosol-free region. Therefore, in 
this region and above it, the LIDAR signal 
shows a decay, which follows the molecular 
contribution only .This is regularly checked 
using the technique proposed by 
Chourdakis et al  (2002), in which the 
LIDAR signal perfectly fits to the signal 
corresponding to the molecular atmosphere 
in an aerosol-free region, and thus always 
assures the perfect alignment of the LIDAR 
system. In our case the Zref value was taken 
in the 7-9 km region, using the technique 
proposed by Chourdakis et al. (2002). 

To retrieve the aerosol backscatter 
coefficient we applied the Klett’s inversion 

technique assuming a  altitude-constant 
extinction-to-backscatter ratio (LR) in the 
lower troposphere, given by : 

 
βp/αp = C = 1/LR                  (2) 
 
However, it is known that the LR 

depends on several parameters, such as the 
aerosol refractive index, the shape and size 
distribution of the aerosol particles. 
Besides, there is a strong dependence of LR 
on the temperature and humidity profiles in 
the atmosphere, that might cause variations 
on the optical parameters of the aerosols 
(Haenel, 1976), and of course on the 
presence of turbulence in the atmospheric 
volume being probed by the LIDAR beam . 
 The accuracy of the LIDAR 
measurements is such that up to 4 km the 
statistical error is of the order of 5-10%, 
since the signal-to-noise ratio of our 
LIDAR signals remains higher than 3.5 
(Marenco et al., 1997). As discussed before 
the systematic error on the retrieval of the 
backscatter coefficient βp can be as high as 
30 %, depending mainly on the mean value 
of the Lidar ratio used (Balis et al. 2000). 
This systematic error can be minimized 
using an  
 
4. Results 
 

In the whole campaign the Lidar 
system could run in 31 different days, in 
periods of about 4 hours in the morning, 4 
in the afternoon and 6-8 hours during the 
night, which varied depending of the 
cloud/precipitation occurrences. The 
measurements were carried during 6 days in 
January, 21 days in February and 4 days in 
March. The daytime measurements had a 
15-30 m spatial resolution and maximum 
altitude of 10 km, the night measurements 
had a 30-60 m resolution and a 35-30 km 
maximum altitude. 

The data here presented summarizes 
these measurements  with a special 
emphasis to the planetary boundary layer 
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(PBL) altitude and its time evolution, cloud 
base height and some instances of 
calculated aerosol backscattering 
coefficient in the 532 nm.  

An example is given in figure 2 
taken during from a measurement during 5 
hours during the night of  February 26th  
2004. 

 

 
Figure 2 – Time evolution of the backscattered Lidar 

signal  corrected with distance. 
 

The data taken was from the 
photoncounting channel and corrected with 
distance after being background subtracted. 
Some structures can be seen in the PBL, 
aound 3 km and a layer above it, between 4 
and 6 km. Also a set of cirrus clouds is 
present between 10 and 12 km in altitude. 
 The Planetary Boundary Layer 
evolution on a selected day  is given in 
figure 3. The evolution follows a normal 
pattern for the season showing high values 
in altitude for the PBL (around 2.5 to 3 
km). 
 

 
Figure 3 – PBL evolution during the morning period 

on a selected day. 
 
5. Conclusions 
 
The data here presented summarizes the 
measurements with a special emphasis to 
the planetary boundary layer altitude and its 
time evolution, cloud base height and some 
instances of calculated aerosol 
backscattering coefficient in the 532 nm 
during the Troccinox-Hibiscus-Troccibas 
campaign during the summer of 2004 
(January through March) in Bauru, Brazil. 
The preliminary results show a potential for 
extensive study of the Trophere and 
Tropause time evolution during selected 
days which profiling and intensive balloon 
campaigns were taken. The system, 
originally developed for tropospheric 
measurements (up to 10 km) showed a 
reasonable performance for higher altitudes 
during nighttimes operating in 
photoncounting mode. Our next step will be 
look after detail for a study of optical 
properties such us the retrieval of aerosol 
extinction and backscatter coefficients at 
532 nm and make a comparison with other 
measurements carried with other 
instruments in this campaign for validation 
and calibrations of the systems involved. 
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