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LIght Detection and Ranging 

Hulburt (1937) – observation of light 
intensity from spotlights at 28 km of altitude 
 
Elterman (1951) – measurement of 
atmospheric density distribution using 
spotlights 
 
Bigg (1955) – Detection of atmospheric dust 
during the twilight 
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Lidar In-space Technology Experiment (LITE) - 1994 

First Lidar system in space – 
on board of the Discovery  
space shuttle during 10 days 
of measurements 
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Lidar In-space Technology Experiment (LITE) - 1994 



São	Paulo,	July	2019	

Lidar In-space Technology Experiment (LITE) - 1994 
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GLAS instrument  (Geoscience Laser Altimeter 
System) on board of ICESat satellite (Cloud and land 

Elevation Satellite) - 2003 

First longterm mission using Lidar in space – 664 days  
Period of 20 Feb. 2003 – 11 Oct. 2009   († 30/08/2010) 
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Jazz song “Take the A-Train” composed by Billy Strayhorn and 
performed by Duke Ellington band 

A-Train constellation – Afternoon constellation  
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GCOM: Chemistry composition of atmosphere and water 
cycle 
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CALIPSO – Cloud-Aerosol Lidar and Infrared 
Pathfinder Satellite Observation 
 
Launch in 2006 – NASA e CNES 
 
Vertical profile of aerosol and cloud optical properties on 
global scale 
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The	PICASSO-CENA	(Pathfinder	Instruments	for	Cloud	and	Aerosol	
Spaceborne	Observa?ons	-	Climatologie	Etendue	des	Nuages	et	des	
Aerosols)	mission	was	selected	as	the	primary	mission	of	the	NASA	

Headquarters	Office	of	Earth	Science's	Earth	System	Science	Pathfinders	
(ESSP)	program.	

CALIPSO	is	a	joint	NASA	(USA)	and	CNES	(France)	environmental	
satellite,	built	in	the	Cannes	Mandelieu	Space	Center,	which	was	

launched	atop	a	Delta	II	rocket	on	April	28,	2006.	Its	name	stands	for	
Cloud-Aerosol	Lidar	and	Infrared	Pathfinder	Satellite	Observa?ons.	
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Launched on April 2006 
 
Orbit altitude: 705 km 
 
Orbit velocity: 7 km/s 
 
Number of orbits: 14.55/day  
24.7° of longitudinal separation between consecutive 
orbits 
 
After one completed cycle – CALIPSO moves 10.8° 
forward to west 
 
16 days period to cover all globe 
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CALIOP – Cloud Aerosol Lidar with 
Ortogonal Polarization 

Laser Nd:YAG, 
2x110 mJ 

Wavelenght 532 and 1064 
nm 

Repetition rate 20.25 Hz 
Telescope 1.0 m of 

diameter 
Polarization 532 || and ⊥ 

FOV 130 µrad 
Vertical res. 30 – 60 m 

Horizontal res. 333 m 
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Level 1 
 

CALIOP profiles: 

•  532 nm attenuated backscatter profile 
  
•  532⊥ nm attenuated backscatter profile  

•  1064 nm attenuated backscatter profile  
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Level 1 resolution 

Font: CALIOP Algorithm Theoretical Basis Document - Document No: PC-SCI-201 
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Level 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 feature mask 
cloud/aerosol locations, cloud phase, aerosol type & QA 
flags 
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14 October 2010, ~00:13:30 UTC 

Calibrated, Geolocated, Altitude-Registered Raw Data 
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14 October 2010, ~00:13:30 
UTC 

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? 

Courtesy: Mark Vaughan from LARC-
NASA 
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Level 1 data ⇒ Calibrated, Geolocated 
 
Calibration ⇒ based on molecular signal at 30 – 34 km altitude 

Total attenuatted backscatter signal at 532 and 1064 nm 

Depolarization ratio Backscatter ratio (color ratio) 

532 nm perpendicular attenuatted backscatter signal 
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Level 2 products Parameters Horizontal resolution 

Cloud layers 
Layer base and top 

altitude Optical depth 
Water/ice phase 

0,33; 
1 e 5 km 

Aerosol layers 
Layer base and top 

altitude Optical depth 
Aerosol types 

5 km 

Cloud profiles Extinction and 
backscatter profiles 

5 km 
 

Aerosol profile Extinction and 
backscatter profiles 

5 km 
 

Vertical feature mask 
Clouds phase (ice/

water) 
Aerosol type 

-- 
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Atmospheric features detected by CALIOP 

Set of algorithms ⇒  Determine all the atmospheric features 

Vaughan et al, 2009 Fully 
Automated Detection of 
Cloud and Aerosol Layers in 
the CALIPSO Lidar 
Measurements, J. Atmos. 
Oceanic  Technol. , 26, 
2034-2050  

SIBYL  ⇒ Selective, Iterated BoundarY Location ⇒ 
Select all atmospheric layers detected 
 
SCA ⇒  Scene Classification Algorithm  ⇒ Classify all 
layers (clouds and aerosol)  and classify all aerosol types 
 
HERA ⇒ Hybrid Extinction Retrieval Algorithm ⇒ 

 Retrieves the aerosol extinction profile 
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Backscatter signal retrieved  ⇒ 
pure molecular signal and 
molecular + particle signal 

Molecular density and ozone 
layer contribution – NASA 
G l o b a l  M o d e l i n g  a n d 
Assimilation Office (GMAO) 

Vaughan et al, 2009 Fully Automated Detection of Cloud and Aerosol 
Layers in the CALIPSO Lidar Measurements, J. Atmos. Oceanic  Technol. , 
26, 2034-2050  
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Vaughan et al, 2009 Fully Automated Detection of Cloud and Aerosol Layers in the 
CALIPSO Lidar Measurements, J. Atmos. Oceanic  Technol. , 26, 2034-2050  

a)   Signal profile with Cirrus clouds and initial threshold array 

b)  Detection and removal of Cirrus 

c)   Correction for Cirrus attenuation enhances the aerosol backscatter 
intensity  

d)  Average of 4 consective profiles cloud-cleared attenuation-corrected 
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The discrimination between clouds and aerosols ⇒ 
performed mainly based on the differences in their optical 
and physical properties 
 
The algorithm is driven by the confidence probability 
density function  

Layer-averaged attenuated backscatter 

Attenuated total backscatter color ratio 

κ - scaling factor that is related to the ratio of the numbers 
of aerosol layers and cloud layers 
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Aerossol	

Nuvens	

Cloud-Aerosol 
Discrimination -  CAD 

Score 
 

 0 a 100 ⇒ Clouds 
 

-100 a 0 ⇒ Aerosols 

Liu, Z., Vaughan, M. A., Winker, D. M., Kittaka, C., Getzewich, B. J., 
Kuehn, R. E., Omar, A. H., Powell, K. A., Trepte, C. R., and Hostetler, C. 
A.: The CALIPSO Lidar cloud and aerosol discrimination: Version 2 
algorithm and initial assessment of performance, J. Atmos. Ocean. Tech., 
26, 1198–1213 
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Total integrated backscatter Volume depolarization ratio 

Omar, A. H., Winker, D. M., Kittaka, 
C., Vaughan, M. A., Liu, Z., Hu, Y., 
Trepte, C. R., Rogers, R. R., Ferrare, R. 
A., Lee, K., Kuehn, R. E., and Hostetler, 
C. A.: The CALIPSO automated 
aerosol classification and Lidar Ratio 
Selection Algorithm, J. Atmos. Ocean. 
Te c h . ,  2 6 ,  1 9 9 4 – 2 0 1 4 ,  d o i :
10.1175/2009JTECHA1231.1, 2009. 
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Aerosol type Lidar ratio at 532 
nm (sr) 

Lidar ratio at 1064 nm 
(sr) 

Dust 40 30 
Smoke 70 40 

Clean Continental 35 30 
Polluted Continental 70 30 

Clean Marine 20 45 
Polluted dust 55 30 

1 - A. H. Omar, D.M.Winker, C. Kittaka,M. A. Vaughan, Z. Liu, Y. Hu, C. R. Trepte, R. R. Rogers, R. A. Ferrare, K. Lee, R. E. Kuehn, and C. A. Hostetler. 
The CALIPSO automated aerosol classification and Lidar Ratio Selection Algorithm. Journal of Atmospheric and Oceanic Technology, 26:1994–2014, 
2009. 
 
2 - OMAR, A. H.; WON, J. G.; WINKER, D. M.; YOON, S. C.; DUBOVIK, O.; MCCORMICK, M. P. Development of global aerosol models using cluster 
analysis of Aerosol Robotic Network (AERONET) measurements. J. Geophys. Res., v. 110, p. D10S14, 2005. 

Determination of the aerosol types representative of the aerosol 
mixtures most frequently observed at the AERONET1 
 

AERONET dataBase – more than 10 years of measurements 2 
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HERA ⇒ Hybrid Extinction Retrieval Algorithm 

retrieves the profile of particulate extinction coefficients 
from the CALIOP attenuated backscatter data 

Solution of the lidar equation 

β(λ, z) ⇒ backscatter coefficient 

α(λ, z) ⇒ extinction coefficient 
Young, S. A. and Vaughan, M. A.: The retrieval of profiles of 
particulate extinction from Cloud-Aerosol Lidar Infrared 
Pathfinder Satellite Observations (CALIPSO) Data: Algorithm 
Description, J. Atmos. Oceanic Technol., 26, 1105–1119, doi:
10.1175/2008JTECHA1221.1, 2009. 
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HERA ⇒ Hybrid Extinction Retrieval Algorithm 
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532 nm Total attenuated backscatter  
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1064 nm Total attenuated backscatter  
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Color ratio 1064nm/532 nm 
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532 nm Perpendicular attenuated backscatter  
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Depolarization ratio 
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Vertical feature mask 
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Aerosol subtype 
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Horizontal averaging 
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Ice/Water phase 
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http://www-calipso.larc.nasa.gov/ 
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http://www-calipso.larc.nasa.gov/resources/calipso_users_guide/ 
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http://www-calipso.larc.nasa.gov/resources/calipso_users_guide/ 
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532 nm total attenuated backscatter profile from CALIPSO  

Plume at 18 km???? 

Aerosol within 
boundary layer 
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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 	

Cortesy: Juan Luis Guerrero-Rascado - University of Granada 
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African	Region	

14	Dec	

African	Region	

15	Dec	

Atlantic Region 

21	Dec	

South Am. Region 

25	Dec	

South Am. Region 

26	Dec	

South Am. Region 
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CALIPSO data near to São Paulo 
LALINET station –  mixture of 
dust and pollution (polluted dust 
flag)  detection 
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Lidar system installed at Natal – RN 
Collaboration: IPEN, UFRN and Granada University 

Elastic lidar with 3 wavelenghts: 1064, 532 e 355 nm 
 
4 detection channels: 1064, 532//, 532 ⊥ e 355 nm 
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Lidar system installed at Natal – RN 
 
Collaboration: IPEN, UFRN and Granada University 



São	Paulo,	July	2019	



São	Paulo,	July	2019	

https://www.youtube.com/watch?v=ygulQJoIe2Y 


