
1

CALIPSO: 
Advances in CALIOP Aerosol Products

Dave Winker1, Mark Vaughan1, Jason Tackett1,
Rob Ryan2, Sharon Rodier2, and Rich Ferrare1

1) NASA Langley Research Center
2) SSAI, Hampton, VA

ICAP,  Monterey, CA  18-20 October 2022



2

CALIPSO Status

 CALIPSO left the A-train in 2019
 CALIPSO is now drifting to the east and descending ~ 5 m/day

 Currently at about 15:00 and 680 km
 Precessed out of the MODIS swath earlier this year
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 Drifting to east
 out of MODIS swath

 Increasing low energy shots
 Working on mitigations

Brief CALIPSO status …
2nd laser now > 8 billion shots!

Total laser pulse energy (2009-2022)
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Evolution of Low-Energy Laser Shots

Jan 2020

Jan 2020

Jan 2022

Jan 2022
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2018-09-12
(V3.4 Expedited)

2022-09-14

Bad news for our 
friends in Brasil
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Data Product Status

 V4.51 Level 1 
 Processing nearly complete 

 Expect public release before the end of this year
 For 1064, daytime 532:

 Corrected calibration bias due to SAA low energies
 Improved calibration of 532 nm volume depolarization ratio

 smaller (larger) by 1.5 % (4-6%) during daytime (nighttime) relative to V4.2
 Reminder: expedited L1 V3 is followed by L1 V4.x few months later
 May introduce some V4.5 improvements into L1 V3 Expedited

 V4.5 Level 2
 Wrapping up final code now
 Anticipate release early next year

 Level 3 aerosol product will be updated following V4.5 L2
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V4.5 L2 Highlights

 Algorithm improvements: 
 Improved smoke bases (southeast Atlantic)
 Improvements to single-shot cloud clearing (Bug 1507)

 New products:
 Column optical depth above opaque water clouds (Hu et al 2007)
 Column optical depth from ocean surface returns (ODCOD)
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apparent 
gap

Version 4.2 Feature Classification

smoke

stratocumulus

Level 2: Smoke Base Extension

V4.2: Base altitudes of smoke layers over stratocumulus 
tend to be biased high  AOD is underestimated

532 nm attenuated backscatter In V4.5, retrieval of smoke layer is extended downward 
to cloud top if there is usable signal within the gap.

 Improves smoke optical depths in SE Atlantic

1064 nm attenuated backscatter

smoke

stratocumulus

Version 4.5 Feature Classification

after smoke 
bases extended

aerosol

cloud
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very dense dust layer

detected at single shot resolution

V3: classified as 
cloud and removed

V4: classified as aerosol 
and retained

V3: anything detected on single-shots classified as 
cloud, even dense smoke and dust layers

• V4 applied CAD to single shot profiles for the first time
• Greatly improved retrieval of dense dust, but …

Version 3
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(km-1sr-1)

Latitude

V4.2

2013-06-15T04-13-26ZN

V4.2 Cloud-Clearing Artifacts Example (2)

Feature Detection, 5-km and Coarser Resolution

532 nm Attenuated Backscatter

Dust plume

Cloud layer

These range bins ar  
100% filled with clou  
but are misclassified  

aerosolThis is what goes into the aerosol 
extinction retrieval
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Correction to Single-Shot Cloud-Clearing Artifacts

Version 4.2 Feature Classification (5-km resolution)

532 nm Attenuated Backscatter

Version 4.2 Aerosol Extinction

Clouds detected at 
single-shot resolution

Cloud contamination in 
retrieved aerosol extinction
(This error occurs on < 1% 

of aerosol retrievals)

Cloud deck and overlying dust 
layer detected as single layer; 
single-shot clouds not cleared
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Level 2: Single-Shot Cloud-Clearing 
Correction

Version 4.5 Feature Classification (5-km resolution)

Version 4.5 Aerosol Extinction

Cloud deck now separated 
from overlying dust layer

V4.5: algorithm bug is corrected and 
these situations are properly cloud-
cleared
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Dust plume

Cloud layer

532 nm Attenuated Backscatter

V4.5 5-km and Coarser Resolution
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Version 4.2 Aerosol Extinction

Version 4.5 Aerosol Extinction

AOD errors of 100-500% 
in this scene are 
corrected in V4.5 

Low bias 
corrected Cloud 

contamination 
removed
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Column OD Above Opaque Water Clouds

HSRL measurements Co-located CALIOP measurements

The column OD retrieval method of 
Hu et al., 2007 (green dots) closely 
matches the HSRL measurement 
for this scene.

Smoke over opaque 
water clouds
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• CALIOP L2 only retrieves extinction within detected layers
•  low bias in AOD, COD

• Ocean Derived Column Optical Depths (ODCOD)
• Adaptation of Venkata & Reagan 2016
• Similar to radar PIA method
• Retrieves OD without CAD or aerosol typing
• Must be corrected for multiple scattering effects (if any)

Venkata, S.L., Reagan, J.A., Aerosol Retrievals from CALIPSO 
Lidar Ocean Surface Returns. Remote Sensing 8(12) 1006 (2016). 
https://doi.org/10.3390/rs8121006

NASA’s Cloud-Aerosol LIdar with Orthogonal Polarization, an 
instrument aboard the Cloud-Aerosol Lidar and Infrared 
Pathfinder Satellite Observation satellite launched in 2006
Credits: NASA/Timothy Marvel

• ODCOD uses the magnitude of CALIPSO's ocean surface
return compared to a modeled ideal ocean return to
estimate optical depth

• The surface points are fit to a model lidar ocean return
• An accurate wind speed estimate is required to calculate a

model surface reflectance
• Surface depolarization is tested to ensure no sea ice or

shallow water sea floor is in the return

Column OD from Ocean Surface Return



• In clear skies, backscatter from the ocean surface is very high
• Clouds and aerosols attenuate the signal, reducing the magnitude 

of the ocean backscatter return.



Clouds and/or aerosols above the surface attenuate the 
signal, resulting in a notably smaller ocean backscatter return.
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Clouds and/or aerosols above the surface attenuate the 
signal, resulting in a notably smaller ocean backscatter return.
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 The magnitude of the ocean surface return pulse (Ac) is a function of the ocean 
surface retroreflectance (OSRR) and the two-way transmittance of the 
atmospheric column

 OSRR is a function of whitecap fraction (𝑊𝑊), and the wind speed-dependent 
ocean surface reflectance (𝑅𝑅𝜆𝜆):

 Two-way particulate transmittance, T2, is computed from the magnitude of the 
surface return pulse, corrected for ocean reflectance and molecular absorption

 Column optical depth can then be computed from the two-way transmittance:

𝑇𝑇2 =
2 � 𝐴𝐴𝐶𝐶

𝑐𝑐 � 𝑂𝑂𝑆𝑆𝑆𝑆𝑆𝑆 � 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚
2 � 𝑇𝑇𝑂𝑂3

2

𝑂𝑂𝑆𝑆𝑆𝑆𝑆𝑆 = 1 −𝑊𝑊 𝑅𝑅𝜆𝜆 + 0.2𝑊𝑊

Method

ODcol = −1
2
𝑙𝑙𝑙𝑙 𝑇𝑇2
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ODCOD vs HSRL

HSRL only measures surface to ~ 8.5 km
so expect AODODCOD > AODHSRL
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Comparison with co-located HSRL

HSRL only measures surface to ~ 8.5 km
Climatological background AOD ~ 0.016±0.03 (Kim, et al., 2017) 
so expect ODCOD > HSRL

Kim, et al., 2017, JGR, doi:10.1002/ 2016JD025797
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ODCOD
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ODCOD
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Outlook

 Expect end of science mission October 2023
 Available electrical power decreasing due to increasing solar angle

 2 years of Phase F funding
 Reprocess all products using final algorithms (V5)
 Archive comprehensive documentation

 Instrument descriptions
 Calibrations
 Algorithms, products, and software
 Validation results
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