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QUANTO	DA	RADIAÇÃO	A	TERRA	EMITE	PARA	
O	

ESPAÇO?	
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RADIAÇÃO	DE	UM	CORPO	NEGRO	
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λο= 700 nm 
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RAYLEIGH	SCATTERING	CROSS	SECTION	
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λ is wavelength (in cm) 
Ns = 2.54743 x 10?  cm-3 
 

ns = refractive index 
ρn = depolarization factor 

Which units ? 
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IN	SEARCH	OF	ACCURACY	
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TOTAL RAYLEIGH VOLUME-SCATTERING 

PS & TS  are standard (reference) pressure and temperature and 
are available from atmospheric models or radiossondes.  
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RADIOSSONDE DATA  RETRIEVAL 
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RADIOSSONDE DATA  RETRIEVAL 
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βπ
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x = 10 
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Blue Moon 

Red Moon 
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Qual é o espalhamento ??? 



Lidar ( l ight detection and ranging) is an active remote 
sensing technology that measures distance by illuminating a target with 
a laser and analyzing the reflected light	
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Based on“uncontroled 
illumination”:	
	
-  Sun	

-  terrestrial emission	

Passive methods:	
	
-  extinction	

-  scaBering	

-  longwave emission	
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LIDAR-RABILIA	

Landulfo et al. 
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Landulfo et al. 
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Kovalev	&	Eichinger	–	ElasEc	Lidar	
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The	“non-exciEng”	typical	lidar	retrieval	
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The	“somehow-exciEng”	typical	lidar	retrieval	
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LIDAR ANALOGIC SIGNAL “CLOSE-LOOK” 

TRIGGER	DELAY	

OVERLAP	
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Solving	the	Lidar	EquaEon	
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Aerosol	ScaPering	RaEo	
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Aerosol	ScaPering	RaEo	

NOISY	
overlap	
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Aerosol	ScaPering	RaEo	
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Aerosol	BackscaPering	Coefficient	

NO	ATMOSPHERIC	TRANSMISSION	



AULA VI 

Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Aerosol	BackscaPering	Coefficient	

NO	ATMOSPHERIC	TRANSMISSION	
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Satélite CALIPSO e Aplicações 
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Evolução do lidar 

WEITKAMP, C. Lidar Range-Resolved Optical Remote Sensing of the Atmosphere. 1st. ed. New York: 
Springer, 2005. 
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LITE 
Lidar In-space Technology Experiment (LITE) - 1994 

Primeiro Lidar em órbita a 
bordo de um ônibus espacial 

(10 dias em operação) 

WEITKAMP, C. Lidar Range-Resolved Optical Remote 
Sensing of the Atmosphere. 1st. ed. New York: Springer, 

2005. 
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WEITKAMP, C. Lidar Range-Resolved Optical Remote 
Sensing of the Atmosphere. 1st. ed. New York: Springer, 

2005. 

LITE 
Lidar In-space Technology Experiment (LITE) - 1994 
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WEITKAMP, C. Lidar Range-Resolved Optical Remote 
Sensing of the Atmosphere. 1st. ed. New York: Springer, 

2005. 

LITE 
Lidar In-space Technology Experiment (LITE) - 1994 
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GLAS 
Satélite GLAS (Geoscience Laser Altimeter System) 

abordo do ICESat (Cloud and land Elevation 
Satellite) - 2003 

Primeira missão de longa duração com um Lidar no espaço – 
664 dias entre 20/02/2003 e 11/10/2009   († 30/08/2010) 

WEITKAMP, C. Lidar Range-Resolved Optical Remote Sensing of the Atmosphere. 1st. ed. New York: Springer, 
2005. 
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WEITKAMP, C. Lidar Range-Resolved Optical Remote Sensing of the Atmosphere. 1st. ed. New York: Springer, 
2005. 

CALIPSO 
CALIPSO – Cloud-Aerosol Lidar and Infrared 
Pathfinder Satellite Observation 
 
Lançado em 2006 – NASA e CNES 
 
Estudo do perfil vertical das propriedades ópticas de 
aerossóis e nuvens em escala global 
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WEITKAMP, C. Lidar Range-Resolved Optical Remote Sensing of the Atmosphere. 1st. ed. New York: Springer, 
2005. 

A-Train Constellation 

Canção	de	Jazz	“Take	the	A-Train”	composta	por	Billy	Strayhorn	e	tocada	pela	
banda	de	Duke	Ellington	

A-Train constellation – Afternoon constellation  
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CALIPSO 
 
Lançado em Abril de  
2006 
 
Altitude: 705 Km a  
98° de inclinação. 
 
Velocidade de órbita: 7 km/s 
 
Órbitas: 14,55/dia - separação de 24,7°  
longitudinais por órbita. 
 
Avanço de 10,8° a Oeste no fim de um ciclo diário. 
 
Período de 16 dias para cobrir todo o globo 
terrestre. 
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Sistema CALIOP 

Câmera de ampla visão (WFC) 

Radiômetro de Imagem (IIR) 

CALIOP – Cloud Aerosol Lidar with Ortogonal 
Polarization 

HOSTETLER, C. A.; LIU, Z.; REAGAN, J.; VAUGHAN, M. A.; WINKER, D. M.; 
OSBORN, M.; HUNT, W. H.; POWELL, K. A.; TREPTE, C. CALIOP Algorithm 
Theoretical Basis Document - Calibration and Level 1 data products. Cloud-Aerosol 
Lidar Infrared Pathfinder Satellite Observations, PC-SCI-201, p. 1–66, 2006. 

CALIOP 
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Como o CALIPSO mede nuvens e aerossóis na 
atmosfera? 

Cloud	

Aerosol	

Surface	

“Clear	Air”	 Clouds	

20° N 15° N 10° N 5° N 0° 5° S 
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Aerosols	

Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Produtos CALIPSO 

Nível 1 
 

•  CALIOP profiles of attenuated backscatter (532, 532⊥,
1064 nm) 
 

•  IIR calibrated radiances (8.65, 10.6, 12.05 mm) 
 

•  WFC visible radiances (650 nm)  (WFC) 
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Produtos CALIPSO Produtos CALIPSO 

Nível 2  
•  Cloud/Aerosol layer products  

layer base and top heights, layer-integrated optical properties 
 

•  Aerosol profile product 
backscatter, extinction, & depolarization profiles; aerosol type & 
QA flags 
 

•  Cloud profile product 
backscatter, extinction, depolarization, & ice water content 
profiles; cloud phase & QA flags 
 

•  Vertical mask 
cloud/aerosol locations, cloud phase, aerosol type & QA flags 
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 1: 532 nm Attenuated Backscatter 

Standard Level 2: Layer Location and Type 

CALIPSO standard products are available 
approximately 3 DAYS after receipt of 
the raw data at the ground station 

Level 2 products also report 
optical depths and extinction 
p ro f i l e s fo r a l l l aye rs 
detected 

Produtos CALIPSO 
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 1: 532 nm Attenuated Backscatter 

Standard Level 2: Layer Location and Type 

Produtos CALIPSO 

14 October 2010, ~00:13:30 
UTC 

Calibrated, Geolocated, Altitude-Registered Raw Data 
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 2: Layer Location and Type 

14 October 2010, ~00:13:30 
UTC 

Produtos CALIPSO 

No Signal 

Subsurface 

Surface 

Stratosphere 

Aerosol 

Aerosol 
(low confidence) 

Cloud 
(low confidence) 

Cloud 

Clear Air 

ANSWERS THE FUNDAMENTAL RETRIEVAL 
QUESTION: WHERE IS IT AND WHAT IS IT? 
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 2: Layer Location and Type 

Liu, Z., et al. (2008), CALIPSO lidar observations of the optical properties of Saharan dust: A case 
study of long-range transport, J. Geophys. Res., 113, D07207, doi:10.1029/2007JD008878 
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 2: Layer Location and Type 

Transporte de aerossóis 
Mais	de	101	mil	focos	de	queimadas	entre	Agosto	e	

Setembro	de	2010*	
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 2: Layer Location and Type 

Transporte de aerossóis 

Sinal	de	retroespalhamento	medido	pelo	
Satélite	CALIPSO	

Razão	Lidar	=	70	sr	
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 2: Layer Location and Type 

Transporte de aerossóis 

Sinal	de	
retroespalhamento	lidar	
corrigido	com	a	distância	
para	o	dia	20/08/2010	

AOD = 0.250 
Lopes, F.J.S. – dados pessoais 

Lopes, F.J.S. – dados pessoais 

Lopes, F.J.S. – dados pessoais 
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 2: Layer Location and Type 

Transporte de aerossóis 

AOD	AQUA-MODIS	-	22	de	Agosto	de	
2010	próximo	a		São	Paulo	–	MT	

AOD = 0.300 ± 0.053	

Lopes, F.J.S. – dados pessoais Lopes, F.J.S. – dados pessoais 

Lopes, F.J.S. – dados pessoais 

Lopes, F.J.S. – dados pessoais 
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 2: Layer Location and Type 

Transporte de aerossóis 

N/A    1      2      3      4      5     6  

N/A = not 
applicable	
1 = clean marine	
2 = dust	
3 = polluted 
continental	
4 = clean continental	
5 = polluted dust	
6 = smoke	

06/12/2007  ~13:45 
UTC 	

Lopes, F.J.S. – dados pessoais 
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 2: Layer Location and Type 

Transporte de aerossóis 
African	Region	

14	Dec	

African	Region	

15	Dec	

Atlantic Region 

25	Dec	

South Am. Region 

21	Dec	

South Am. Region 

26	Dec	

South Am. Region 

10	Dec	
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 2: Layer Location and Type 

Transporte de aerossóis 
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 2: Layer Location and Type 

Transporte de aerossóis 
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S ao	P aulo	(B raz il)	26/12/2007	23:42-00:09	UTC
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	Máscara de aerossol 

Lat   -16.39                         -22.49 
Lon  -41.49                         -42.90 

N/A    1      2      3      4      5     6  

N/A = not applicable	
1 = clean marine	
2 = dust	
3 = polluted continental	
4 = clean continental	
5 = polluted dust	
6 = smoke	

Dados do CALIPSO próximo de São 
Paulo detectou uma mistura de Poeira 
sahariana e poeira+poluição.	
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 2: Layer Location and Type 

Validação 
Necessidade de realização de processos de validação utilizando outros 
instrumentos 
 
Desde 2007 diversos trabalhos de validação foram realizados 

HUNT,	W.	H.	et	al.	CALIPSO	Lidar	
DescripEon	and	Performance	
Assessment.	Journal	of	Atmospheric	
and	Oceanic	Technology,	v.	26,	p.	
1214–1228,	2009.	

Anomalia do Atlântico Sul – SAA 
 
Cinturão de radiação de Van Allen 
com a maior aproximação da 
superfície 
 
Grande intensidade de radiação 
aumenta o ruído nos detectores do 
CALIOP 
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 2: Layer Location and Type 

Validação 
Necessidade de realização de processos de validação utilizando outros 
instrumentos 
 
Desde 2007 diversos trabalhos de validação foram realizados 

HUNT,	W.	H.	et	al.	CALIPSO	Lidar	
DescripEon	and	Performance	
Assessment.	Journal	of	Atmospheric	
and	Oceanic	Technology,	v.	26,	p.	
1214–1228,	2009.	

Anomalia do Atlântico Sul – SAA 
 
Cinturão de radiação de Van Allen 
com a maior aproximação da 
superfície 
 
Grande intensidade de radiação 
aumenta o ruído nos detectores do 
CALIOP 
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 2: Layer Location and Type 

Validação 
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 2: Layer Location and Type 

Validação 
Locais de referências: Possuem sistema AERONET e/ou Lidar 

RB, AF, CB e CG 
 
Tipos de aerossóis 
característicos em 
determinadas épocas  
do ano 
 
Aerossóis de fontes 
de queimadas 

Quando o CALIPSO passou por essas localidades entre 2006 e 
2009? 
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Courtesy: Mark Vaughan from LARC-NASA Sensoriamento	Remoto	da	Atmosfera	com	Lasers	

Standard Level 2: Layer Location and Type 

Validação 



LALINET INTRODUCTION 

Eduardo Landulfo 

hPps://bit.ly/2l3n2XD	



LALINET STATIONS 

AREA	GT	18	Mkm2	

Eduardo Landulfo 

hPps://bit.ly/2l3n2XD	
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BIOMASS	BURNING	

AEROSOL	LONG	RANGE	TRANSPORT	

AIR	QUALITY		

Eduardo Landulfo 

CLOUD	STUDIES	

hPps://bit.ly/2l3n2XD	

HIBISCUS	

TROCCINOX	

SCAR-B	

GoAMAZON	

SAMMBA	

APEL	



•  22nd – 23rd of April, 2015 – Calbuco volcano began eruption 

•  First eruption since 1972 
•  Ash cloud achieved above 15 km of altitude 

Lalinet Stations 

Font:google maps 

Eduardo Landulfo 

hPps://bit.ly/2l3n2XD	



	
28th International Laser Radar Conference  - Bucharest                                         
Eduardo Landulfo 

GOES-5 / GOCART Simulation 
 of the Calbuco Eruption – April 2015 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	ploPed	ontop	SO2	

hPps://bit.ly/2l3n2XD	



Eduardo Landulfo 

hPps://bit.ly/2l3n2XD	



Eduardo Landulfo 

LONG	RANGE	TRANSPORT	STUDIES	
hPps://bit.ly/2l3n2XD	



Eduardo Landulfo 

AEROSOL	TYPING	

hPps://bit.ly/2l3n2XD	



LALINET	CAL/VAL	PARTICIPATION	



https://bit.ly/2ruZnD3 



CLOUD-AEROSOL-INTERACTION	

355 nm HRSL + CPR + MSI + BBR 



https://bit.ly/2tOiU0U 



VALIDAÇÃO	

ÁREAS	DE	INTERESSE	



ATIVIDADES	DOS	PARTICIPANTES	





LALINET	VS	CALVAL	



gescon.ipen.br/leal	



https://bit.ly/2JCvKqq 

hPp://ciencias.medellin.unal.edu.co/eventos/wlmla/index.php/2-insEtucional/6-home	

landulfo@gmail.com	aebasEd@unal.edu.co		


