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A certificate of completion will be awarded to those who attend both live sessions 

and complete the homework assignment(s) before the given due date. 
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1. Identify past and currently available lidar missions and their characteristics ṉ

2. Recognize the capabilities of lidar active remote sensing in measuring vertical profiles of aerosols 
and clouds for informing air quality applications ṉ

3. Interpret information within lidar curtains to discern cloud phase, aerosol type, and aerosol plume 
altitude for a given scene

4. Recognize the strengths and limitations of lidar observations ṉ

5. Find lidar images and data for a particular time period and location using NASA Earthdata  and 
mission websites

Spaceborne Lidars for Todayõs Training:

Å Cloud -Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO) and Cloud -Aerosol 
Transport System (CATS)

Å Both atmospheric backscatter lidars with similar data products

Training Objectives Covered in Part 1
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1. Identify past and currently available lidar missions and their characteristics

2. Recognize the capabilities of lidar active remote sensing in measuring vertical profiles of aerosols 
and clouds for informing air quality applications 

3. Interpret information within lidar curtains to discern cloud phase, aerosol type, and aerosol plume 
altitude for a given scene

4. Recognize the strengths and limitations of lidar observations 

5. Find lidar images and data for a particular time period and location using NASA Earthdata  and 
mission websites

Spaceborne Lidars for Todayõs Training:

Å Cloud -Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO) and Cloud -Aerosol 
Transport System (CATS)

Å Both atmospheric backscatter lidars with similar data products

Training Objectives Covered in Part 2
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How to Ask Questions

Å Please put your questions in the Questions box and we will address them at the end of the webinar.

Å Feel free to enter your questions as we go. We will try to get to all of the questions during the Q&A 
session after the webinar.

Å The remainder of the questions will be answered in the Q&A document, which will be posted to the 
training website about a week after the training.



Part 1 Review
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Å In 2006, NASA and CNES launched CALIPSO the NASA A -train as a dedicated polar -orbiting lidar to 

measure the vertical distribution of aerosols and clouds at both 532 and 1064 nm.

Å Helped validate cloud lifetimes and aerosol transport in global models

Å Ceased operations in 2023

Å Provided unprecedented opportunity to track the vertical distribution of aerosols and clouds 

globally

Liu et al., 2008

CALIPSO Refresher
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The Cloud -Aerosol Transport System (CATS) was designed as a tech demo (6 -month lifetime) utilizing the 
International Space Station (ISS) low inclination orbit as an affordable Earth Science platform to:

Å Complement CALIPSO data record with diurnally varying cloud/aerosol vertical profiles

Å Monitor dynamic events such as wildfires and volcanic eruptions

ÅWas the first spaceborne lidar to provide data products in near real -time (within 6 hours)

Å Primarily operated at 1064 nm but with some 532 nm measurements as well 

CATS 

operated 

on the ISS 

for 33 

months and 

fired 200+ 

billion laser 

shots.

https://cats.gsfc.nasa.gov/  

CATS!

CATS Detects Wildfires on 18 Aug. 2015

CATS Refresher

https://cats.gsfc.nasa.gov/


Learning Check 1
What are two differences between CALIPSO and CATS?



Observations to Feature Type: Theory
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For backscatter lidars, the return signal is normalized 
to the Rayleigh profile in the upper atmosphere to 
compute the calibration constant (C).

Calibrating a backscatter lidar requires 
normalizing to Molecular profile and 
depends on several things:

1. Signal-to -noise ratio (SNR) in the 
calibration region (need molecular 
signal)

2. Estimates of the molecular 
backscatter profile

3. Aerosol loading in the calibration 
region
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Pauly et al., 2019

We measured photons, whatõs next? Calibrate the signal.
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This product is known as Total Attenuated Backscatter (TAB):

Å òAttenuatedó because it includes signal attenuation

Å òTotaló because it includes both molecular and particulate contributions

TAB is used as main Level -1 data product

Å Used to compute additional level -2 products, including optical properties

Level -1 Product: Total Attenuated Backscatter at 532 nm

Aerosols

Clouds
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Å Spaceborne lidar systems are often multi -wavelength within the ultra -violet and near -infrared.

Å Exploiting the wavelength dependence of the returned signal provides information on particle 

(cloud, aerosol) size.

Level -1 Product: Total Attenuated Backscatter at 1064 nm

Aerosols

Clouds
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Å Lidar systems transmit polarized light.

Å Particles in the atmosphere can preferentially orient the returned light parallel and perpendicular to the 
transmitted light.

Å Perpendicular returns are a signature of non -spherical particles and are smaller than the total signal.

Å Non -spherical particles are indicative of ice clouds and dust

Level -1 Product: Perpendicular Attenuated Backscatter

Aerosols - Likely Dust 

Clouds т Likely Ice-Laden Cirruss
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ÅTo detect atmospheric features (or 

layers) (i.e., aerosols and clouds), 

algorithms search for deviations 

from the theoretical 

molecular(Rayleigh) signal.

ÅUsing this approach, numerous 

atmospheric features may be 

detected within the column.

ÅFor fainter, tenuous features, 

horizontal averaging is often used 

to boost signal -to -noise ratio.

Level -2: Feature Detection

Signal

Theoretical Profile
First Detected Layer
Second Detected Layer
Third Detected Layer
Fourth Detected Layer

https://www.mdpi.com/atmosphere/atmosphere-12-00606/article_deploy/html/images/atmosphere-12-00606-g002.png
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Denoised CATS data at raw resolution

CATS daytime averaging used for feature detection

CATS nighttime averaging used for feature detection

Å Recently, Selmer et al., 

[2024] demonstrated the 

utility of signal denoising 

using autoencoders 

during daytime viewing 

conditions, when lidar 

SNR is plagued by solar 

background.

Å This technique enables 

feature detection at raw 

data product resolution.

Machine Learning for De -Noising Noisy Daytime Lidar Data

Truth Signal

Noisy Signal

Denoised Signal Denoised Features

ñStandardò Features

Truth Features
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Å Non -spherical particles cause signal depolarization and a perpendicular return.

Å Spherical particles (water droplets) do not appreciably depolarize the signal. 

Å Features have substantially different degrees of depolarization. Thus, the ratio of 

perpendicular to parallel polarized signal can be used to identify these features.

Ice Clouds

Dust

Smoke

Depolarization Ratio
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Provides information on spectral dependence of scattering properties of an atmospheric layer 
(particle size)

ÅClouds: Cirrus: 0.60 to 1.0 - Water Clouds: 0.80 to 1.40

ÅAerosols: 0.0 to 0.60

ÅColor ratio is the ratio of the signal at both wavelengths integrated over the feature.

Color Ratio = 1064 nm Backscatter / 532 nm Backscatter 

Clouds have higher Color Ratios (> 0.75) than 

aerosols.

Color Ratio
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Å Following feature detection, information (primarily color ratio) is used to first discriminate clouds from 

aerosols.

Å Reminder: 

τ Clouds have color ratios ~0.6 ð 1.4

τ Aerosols have color ratios ~0 ð 0.6

Yorks et al., 2020

CLOUDS

AEROSOLS

Level -2: Cloud ðAerosol Discrimination



24NASA ARSET ð LiDAR Profiling Satellite Observations for Air Quality Applications

Å Using depolarization ratio and temperature, clouds are classified as ice or water.

Temperature (C)

Feature Depolarization Ratio
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Level -2: Cloud Phase
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After a feature is classified as aerosol, the 

following information may be used to assign 

an aerosol type:

Å Feature Depolarization Ratio

Å Feature Thickness

Å Underlying Surface Type

Å Feature Elevation

Å Model Information

Nowottnick et al., 2022

Level -2: Aerosol Type

https://www.mdpi.com/atmosphere/atmosphere-13-01439/article_deploy/html/images/atmosphere-13-01439-g001.png
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Å To retrieve optical properties, such as extinction, elastic backscatter lidar systems typically require 

assuming an extinction -to -backscatter ratio ð known as lidar ratio.

Å One of the primary purposes of classifying cloud phase and aerosol type is to assign a 

corresponding lidar ratio for optical property retrievals.

Å Aerosol lidar ratios typically range from 10 ð80 Steradians (Sr), while cloud lidar ratios typically 

range from 10 ð30 Sr.

Å The higher the lidar ratio, the more absorbing the particulate.

Å HSRL lidars do not need to assume a lidar ratio and enable direct retrievals of optical properties.

Georgoulias  et al., 2020

Optical Property Retrievals



Observations to Feature Type: Real World Example
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CALIPSO Case Study: Level -1 to Level -2 Products

ÅMeasurements of signal 
depolarization allow the 
discrimination of spherical 
and non -spherical cloud and 
aerosol particles (Winker et 
al. 2007)

ÅIf enhanced signal in both 
images then non -spherical 
particles (Region A)

ÅIf enhanced signal in total 
backscatter image but little 
or no enhancement in the 
perpendicular image, then 
spherical particles (Region B )

Level 1 Products Total attenuated backscatter ð 532 nm

A

B

Perpendicular attenuated backscatter ð 532 nm

A

B
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CALIPSO Case Study: Level -1 to Level -2 Products

Level 1 Products

ÅTwo-wavelength signals provide 
qualitative information on 
particle size and aid in 
discrimination of cloud and 
aerosol and the identification of 
aerosol type (Winker et al. 2007)

ÅIf same intensity in both 
channels, coarse, larger 
particles

ÅIf signal more intense in the 532 
channel: fine, smaller particles

ÅRegion A: coarse non spherical

ïcirrus cloud? 

ÅRegion B: fine spherical

ïurban pollution?

Total attenuated backscatter ð 532 nm

A

B

Total attenuated backscatter ð 1064 nm

A

B



30NASA ARSET ð LiDAR Profiling Satellite Observations for Air Quality Applications

CALIPSO Case Study: Level -1 to Level -2 Products

Level 2 Products

Totally Attenuated

Subsurface

Surface

Stratospheric layer

Aerosol 

Cloud

Clear air

Vertical Feature Mask

A

B

Feature mask indicates Region A is cloud 
and Region B is aerosol
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CALIPSO Case Study: Level -1 to Level -2 Products

Level 2 Products

Aerosol sub -type indicates polluted dust or 
smoke

Level 1 analysis indicates fine, non -spherical 
particles

Potentially Secondary Organic Aerosol (SOA)?

Aerosol sub -type

B

Smoke

Polluted Dust

Clean Continental

Polluted Continental

Dust

Clean Marine



Real World Example
Starting with an event, find and interpret lidar curtain



Did CALIPSO fly over my event of interest?
NASA Worldview 



Find Lidar curtains
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CATS CALIPSO

http://cats.gsfc.nasa.gov/data/browse https://www -calipso.larc.nasa.gov /products/lidar/ browse_images /

Link to Download 
Individual Files for Case

Night (Orange)
Day (White)

Data Availability 
Calendar

Click to View 
Quick -Look

Spaceborne Lidar Quick -Looks: Great for Case Studies

http://cats.gsfc.nasa.gov/data/browse

