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INTRODUCTION

We intend to present some aerosol profiling observations in
South America by ground based lidars and how CALIPSO data
has helped identifying a variety of types of aerosols such as:
Biomass burning, volcanic and dust events mixed with local
types depending on the station location. These combined
observation have helped in clarifying ambiguities and
improving the lidar ratio interval the type of aerosol
determined along the observed profile.
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Relevant Studies – South 
America Related

2008 - 2021



SPU Lidar station

Multiwavelength lidar system

Nd:YAG laser –

Brilliant B 

400 mJ and 230 MJ @ 532  

and 355 nm

Channels

1064 nm (FWHM 1.0 nm)

532 nm (FWHM 1.0 nm)

530 nm (FWHM 0.5 nm)

355 nm (FWHM 1.0 nm)

387 nm (FWHM 0.25 nm)

408 nm (FWHM 0.25 nm)

PMTs

Hamamatsu

PM-HV-P03-R7400 / PM-

R9880-20

Vertical Resolution 7.5 m

http://gescon.ipen.br/leal/

Laboratory of Environmental Applications Laser (LEAL) belongs
to the Center for Lasers and Applications (CELAP)
Focusing on the study of the optical properties of aerosols in
the metropolitan region of São Paulo atmosphere.
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Research field and applications

• Atmospheric Aerosol and Cloud Optical Properties

• Aerosol Transportation (Biomass Burning and Dust)

• Satellite Validation

• Planetary Boundary Layer Dynamics

• Synergy Between Lidar, Satellites, remote sensing  and air 
pollution monitoring instruments

• Cirrus Clouds

• Hygroscopicity of Urban Aerosols



CALIPSO validation

https://doi.org/10.5194/amt-6-3281-2013



CALIPSO validation

Platt, C. M. R.: Lidar and radiometer observations of cirrus 
clouds, J. Atmos. Sci., 30, 1191–1204, doi:10.1175/1520-
0469(1973)030<1191:LAROOC>2.0.CO;2, 1973

• Five operational AERONET locations: Rio Branco, Alta 
Floresta, Cuiabá, Campo Grande and São Paulo

• Measurement period of 2006 to 2009

• Correlative measurements with D  100 km and T  6 km 
centered at the closest approach by CALIPSO

• CALIPSO level 2 – 5 km products

• Backscatter Center of Mass (BMC) for the aerosol layer
detected

• xi is the layer total attenuated backscastter signal at 532 nm
and Zi the layer altitude

• Lidar ratio equation derived
by Platt (1973)



CALIPSO validation
• Lidar ratio equation derived by Platt (1973)

Aerosol type % difference SAC

and SCALIOP,532 total 
profiles

% difference SAC

and SCALIOP,532 best
matching

Dust -9.7% ± 13% -5.4% ± 24%

Smoke 7.2% ± 40% 4.3% ± 27%

Polluted
Continental

2.0% ± 35% -1.7% ± 9%

Polluted Dust -4.7% ± 39% -2.5% ± 32%

Clean Marine -6.3% ± 20% -



Volcanic eruption event

https://doi.org/10.3390/rs11020195



Volcanic eruption event
• Calbuco volcanic eruption in April 2015 in Chile-South America (VEI 4)

• First eruption on 22nd April - 9:04 PM (UTC) 

• Second high-energy ashes pulse – 23rd April – 4:00 AM (UTC)

Terra Satellite
Model Grid Resolution: .5o x .5o

Plume Top: 18km
Based on CALIPSO Obs.

Plume Thickness: down to 8km 
Based on satellite obs.

Ash Emission Rate: 5x104 Kg/s

SO2 Emission Total: 300 Kt
Based on satellite observations

Timing: Two Eruption Pulses
(1) 04/22 21:38Z – 23:38Z 
(2) 04/23 04:38Z – 10:08Z 
Based on GOES IR and Reports

Simulation run with GOES-5 Replay 
Meteorology (not forecast)

GEOS-5 Ash plotted ontop SO2



Volcanic eruption event

• Calbuco eruption detected by TERRA/MODIS and CALIPSO
satellites on 23 April 2015 and the air masses trajectories from
HYSPLIT model pointing to the aerosol plumes travel forward to
São Paulo region.

• Aerosol plume from Calbuco Volcano detected by the SPU Lidar 
station (Range corrected signal at 532 nm) and CALIPSO total 
attenuated backscatter profile at 532 nm



Volcanic eruption event

CALIPSO overpasses and the Total attenuated backscatter profile at 532 nm retrieved using Level 1B V3 data for consecutive days
of Calbuco eruption: (right) the attenuated backscatter profiles at 532 nm retrieved by CALIPSO and SPU station, respectively.
Total agreement in intensity and physical properties such as top and bottom volcanic layer altitude.



Volcanic eruption event

The transmission method (1,2) was applied to calculate optical
transmission of the volcanic plume, and therefore, estimate
AOD and Lidar Ratio value

1 - Young, S.A. Analysis of lidar backscatter profiles in optically thin clouds. Appl. Opt. 
1995, 34, 7019–7031.
2 - Young, S.A.; Vaughan, M.A. The Retrieval of Profiles of Particulate Extinction from
Cloud-Aerosol Lidar InfraredPathfinder Satellite Observations (CALIPSO) Data: Algorithm
Description. J. Atmos. Ocean. Technol. 2009, 26, 1105–1119.



Volcanic eruption event

1 - Ansmann, A.; et al. The 16 April 2010 major volcanic ash plume over central Europe: EARLINET lidar and AERONET photometer observations at Leipzig and Munich, Germany. Geophys. Res. Lett. 2010, 37, L13810. 
2 - Ansmann, A.; et al. Ash and fine-mode particle mass profiles from EARLINET-AERONET observations over central Europe after the eruptions of the Eyjafjallajökull volcano in 2010. J. Geophys. Res. Atmos. 2011, 116, D00U02.
3 - Groß, S.; et al. Dual-wavelength linear depolarization ratio of volcanic aerosols: Lidar measurements of the Eyjafjallajokull plume over Maisach, Germany. Atmos. Environ. 2012, 48, 85–96.
4 - Mona, L.; et al. Multi-wavelength Raman lidar observations of the Eyjafjallajokull volcanic cloud over Potenza, southern Italy. Atmos. Chem. Phys. 2012, 12, 2229–2244. 
5 - Sicard, M.; et al. Monitoring of the Eyjafjallajökull volcanic aerosol plume over the Iberian Peninsula by means of four EARLINET lidar stations. Atmos. Chem. Phys. 2012, 12, 3115–3130.
6 - Navas-Guzmán, F.; et al. Eruption of the Eyjafjallajökull Volcano in spring 2010: Multiwavelength Raman lidar measurements of sulphate particles in the lower troposphere. J. Geophys. Res. Atmos. 2013, 118, 1804–1813.
7 - Kokkalis, P.; et al. Optical, microphysical, mass and geometrical properties of aged volcanic particles observed over Athens, Greece, during the Eyjafjallajökull eruption in April 2010 through synergy of Raman lidar and
sunphotometer measurements. Atmos. Chem. Phys. 2013, 13, 9303–9320.



Biomass burning events

Number of focus fire cases in Brazilian territory
http://queimadas.dgi.inpe.br/queimadas/portal-static/estatisticas_paises/

https://worldview.earthdata.nasa.gov/

Biomass burning scenario 2020



Biomass burning events
AOD and particulate matter concentration at São Paulo
July to September of 2012

Biomass burning scenario at Central Brazil
July to September 2012

Aerosol transportation to Metropolitan region of São 
Paulo



Biomass burning events
Biomass burning scenario at near Metropolitan region
of São Paulo - September 2012

CALIOP Layers: 
1st Layer  1.88 – 3.90 km  2nd Layer  2.14 – 2.95 km
3rd Layer  0.62 – 2.02 km

AOD = 0.485 0.287



Biomass burning events
Biomass burning scenario at near Metropolitan region
of São Paulo - September 2012

CALIOP Layers: 
1st Layer  3.79 – 4.45 km
2nd Layer  3.97 – 4.40 km

D = 61.8 km

From SPU lidar station

AOD = 0.164 0.075



Biomass burning events
Biomass burning scenario at near Metropolitan region
of São Paulo - September 2012



Biomass burning events and LR studies
• Biomass burning + Lidar ratio scenario at São Paulo to be investigated
• Single Calculus Chain applications to retrieve Lidar ratio profiles



Biomass burning events and LR studies
• Biomass burning + Lidar ratio scenario at São Paulo to be investigated
• CALIPSO data will help to improve LR scenario

CALIPSO AOD – 05kmALay

CALIPSO LR – 05kmALay

AERONET São Paulo Site


