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Background and objectives 

Considerable uncertainties remain in assessments of long-term trends of global properties of aerosols, 

mainly due to lack of observations and the difficult in measurements of important aerosol parameters. In 

order to solve these issues and reduce the sources of aerosol uncertainties, it is necessary to increase the 

number of observational stations and the number of experimental field campaigns to improve the global 

observations of aerosol and its optical and physical properties, therefore, helping to improve the climate 

numerical model validations. An important step further to increase the accuracy of aerosol measurements 

is to develop the capability of aerosol measurement networks, implementing rigorous and systematic 

protocols of measurements. In this context, the Latin America Lidar network (LALINET) [1] has been 

monitoring the vertical distribution of particle optical properties since 2001, and started to be operative 

with systematic measurements since 2013. LALINET has the purpose to develop a database of the vertical 

distribution of aerosols over South America, and also from other atmospheric components such as water 

vapour and clouds, and to provide quality assurance data for atmospheric satellite missions such as 

CALIPSO, and ESA’s future missions Aeolus and EarthCARE [2]. In order to concentrate efforts on the 

validation processes of ESA’s missions, selected LALINET stations are working to implement quality 

assurance standards based on EARLINET procedures. These actions aim to increase the capability to 

provide a reliable dataset in collaboration with three EARLINET stations (Bucharest, Granada and 

Munich) in the framework of the project entitled “Assessment of atmospheric optical Properties during 

biomass burning Events and Long-range transport of desert dust” (APEL). The main objective of APEL is 

to promote the exchange of expertise between EARLINET and LALINET to increase the capability of 

joint research, and thus setting the groundwork for the future Cal/Val of ESA’s atmospheric satellite 

missions. Furthermore, quality assurance (QA) and quality control (QC) programs developed by 

EARLINET are being implemented at the selected LALINET stations: São Paulo (SPU), Manaus (MAO) 

and Natal (NAT). These programs deal with algorithm corrections and their implementation made to 

optimize the measurements and improve the data analysis. In the present study we show only the results 

from SPU station for the sake of brevity. 

Methodology 

During the APEL project, QA/QC programs based on the EARLINET standards were implemented in the 

SPU lidar station to provide quality assured particle backscatter and extinction profiles, and to identify 

possible improvements for this system. The first steps were implemented by establishing the Handbook of 

instruments (HoI), the operating procedure standards and the protocol of QA tests in order to pinpoint 

hardware problems and consequential optimizations of the lidar system. We applied six QA tests: dark 

current, zero bin, telecover in-out, telecover quadrant, bin-shift and Rayleigh fit. Several tests were 

performed continuously until the system achieved a reasonable optimization. Concerning the data analysis, 

the inversion algorithm of the SPU LALINET station was improved by implementing the dead-time 

correction and the analog and photon-counting dataset “gluing” procedure. In addition, the overlap 

correction was improved and the Klett-Fernald inversion (KF inversion) technique by tuning the aerosol 

optical depth with values from AERONET was automatized. For the inversion retrieval the error 

uncertainties calculation were implemented using the Monte-Carlo method. One of the goals of the APEL 

project was the implementation of the EARLINET Single Calculus Chain (SCC) [3] in order to fully 

automate the lidar measurement process together with the aerosol optical properties retrieval procedure.  

Results 

Here we present the main technical results achieved within the APEL project in order to improve the 

performance of the SPU lidar station at São Paulo. The left panel of Fig. 1 presents the overlap function 

calculated for the 355 and 532 nm channels. The right panel of Fig. 1 presents the overlap correction 
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applied to the lidar backscatter profiles at 355 and 532 nm. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 1. Overlap function profile and overlap correction applied to the particle backscatter profiles at 355 and 532 
nm measured by the SPU LALINET station at São Paulo. 

 

Another achievement from the APEL project was the EARLINET SCC algorithm implementation in order 

to provide the KF and the Raman lidar products for SPU LALINET station measurements. Fig. 2 shows 

the particle backscatter, extinction and lidar ratio profiles retrieved during the 2017 APEL field campaign. 

The same figure also shows the comparison of 532 nm particle backscatter coefficient retrieved using SCC 

and the MILGRAU (Multi-Indexed Lalinet GeneRAlized and Unified) algorithm from SPU station, and 

the absolute difference less than 0.1 Mm-1sr-1 between both retrievals.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Particle backscatter, extinction and lidar ratio profiles at 355 and 532 nm retrieved applying the SCC 

algorithm to the SPU lidar system data measured during 2017 APEL campaign. The last two plots show the comparison 

of the particle backscatter profiles retrieved using SCC and the MILGRAU algorithm from SPU station. Errorbars are 

calculated using Monte Carlo method for SCC [3] and MILGRAU retrievals.  

 

Conclusions  

The APEL project developed in collaboration with the Bucharest, Munich and Granada EARLINET 

stations allowed the implementation of the standard QA tests to identify problems and optimize the SPU 

lidar system. The SCC algorithm was successfully implemented showing an absolute difference between 

MILGRAU less than 0.1 Mm-1sr-1for particle backscatter coefficients. 
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