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Training Objectives Covered in Part 1

1. Identify past and currently available lidar missions and their characteristics n
2. Recognize the capabilities of lidar active remote sensing in measuring vertical profiles of aerosols
and clouds for informing air quality applications n

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 n

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

Spaceborne Lidars f:or Todaydos Training

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

A Both atmospheric backscatter lidars with similar data products
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How to Ask Questions

To o

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

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.

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.
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Part 1 Review




CALIPSO Refresher @

A 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.

A Helped validate cloud lifetimes and aerosol transport in global models
A Ceased operations in 2023
A Provided unprecedented opportunity to track the vertical distribution of aerosols and clouds

globally

.CALIPSO °

" CloudSat

GCOM-W1
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CATS Refresher

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

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

A Monitor dynamic events such as wildfires and volcanic eruptions

A Was the first spaceborne lidar to provide data products in near real -time (within 6 hours)
A Primarily operated at 1064 nm but with some 532 nm measurements as well

CATS CATS Detects Wildfires on 18 Aug. 2015

operated
on the ISS > - -

for 33 ; _ Smoke Plume

months and — ' e - Transported
fired 200+ - " - g A

billion laser

shots.

Californ'@

https://cats.gsfc.nasa.qov/
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Learning Check 1
What are two differences between CALIPSO and CATS?




Observations to Feature Type: Theory




We measured photons, whatos next ? Ca

For backscatter lidars, the return signal is normalized =

. L T : .
to the Rayleigh profile in the upper atmosphere to 12 ZET S S
compute the calibration constant (C). = . —— CATS
= : — Polly”
10 ' """"" AR - =~ Molecular| """
=
Ca”bra‘ting a backsca‘tter |idar requires E. 8 ................... -.:. ...........................................
normalizing to Molecular profile and o <
depends on several things: S =
1. Signal-to-noise ratio (SNR) in the E 6 —=
calibration region (need molecular B —
signal) ——
4 ................ . . .....................................
2. Estimates of the molecular e
backscatter profile : ~:___
3. Aerosol loading in the calibration 72 L e
region =

-0.0002 0.0000 0.0002 0.0004 0.0006
Attenuated total backscatter (ATB) [km 'sr']
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Level-1 Product: Total Attenuated Backscatter at 532 nm

This product is known as Total Attenuated Backscatter (TAB):

because It Il ncl udes
udes both mol ecul ar

A 0OAttenuatedo signal attenuati on
A oTotal 6 because it incl and particul

TAB is used as main Level -1 data product

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

UTC: 2015-02-26 15:47:47.5 to 2015-02-26 16:02:42.8 Version: 3.00 RFOV Nighttime

CATS 532 nm Total Attenuated Backscatter, km™ sr’

30

Clou’dsv '

Altitude, km




Level-1 Product: Total Attenuated Backscatter at 1064 nm

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

A Exploiting the wavelength dependence of the returned signal provides information on particle
(cloud, aerosol) size.

CATS 1064 nm Total Attenuated Backscatter, km” sr’ UTC: 2015-02-26 15:47:47.5 to 2015-02-26 16:02:42.8 Version: 3.00 LFOV Nighttime
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Level-1 Product: Perpendicular Attenuated Backscatter

A Lidar systems transmit polarized light.

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

A Perpendicular returns are a signature of non  -spherical particles and are smaller than the total signal.
A Non -spherical particles are indicative of ice clouds and dust

CATS 1064 nm Perpendicular Attenuated Backscatter km'sr' UTC: 2015-02-26 15:47:47.5 to 2015-02-26 16:02:42.8 Version: 3.00 LFOV Nighttime
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Level-2: Feature Detection

Layer Detection Profile, 2015-08-24, 20:38:20 UTC

2°'§_ / — Signal

A To detect atmospheric features (or % /
layers) (i.e., aerosols and clouds), = — = =
algorithms search for deviations 151
from the theoretical Theoretical Profile
molecular(Rayleigh) signal. 1 First Detected Layer

Second Detected Layer
Third Detected Layer
Fourth Detected Layer

A Using this approach, numerous
atmospheric features may be
detected within the column.

A For fainter, tenuous features,
horizontal averaging is often used 51

to boost signal -to-noise ratio. ?

altitude (km)

0 10 20 30 40 50 60 70
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https://www.mdpi.com/atmosphere/atmosphere-12-00606/article_deploy/html/images/atmosphere-12-00606-g002.png

Machine Learning for De -Noising Noisy Daytime Lidar Data

Truth Signal Truth Features
“ : 0.010 B '
15
E 0.008 ‘ A w 0 |
A Recently, Selmer et al., : 1 s LA o |
(] < 0
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. : - 2 £
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Depolarization Ratio

A Non -spherical particles cause signal depolarization and a perpendicular return.
A Spherical particles (water droplets) do not appreciably depolarize the signal.

A Features have substantially different degrees of depolarization. Thus, the ratio of
perpendicular to parallel polarized signal can be used to identify these features.

Cloud-Aerosol Transport System (CATS)
1 nm Depolarization Ratio: 12 August 2015
TR W 5 e - Ice Clouds

e e R
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Color Ratio

Provides information on spectral dependence of scattering properties of an atmospheric layer
(particle size)
A Clouds: Cirrus: 0.60 to 1.0 - Water Clouds: 0.80 to 1.40

A Aerosols: 0.0 to 0.60
A Color ratio is the ratio of the signal at both wavelengths integrated over the feature.

Cloud-Aerosol Transport System (CATS)
Backscatter Color Ratio (1064 nm / 531 nmj: 11 Fehruanr 2015 - v

Clouds have hlgher Color Ratios (> 0. 75) than
% aerosols

|
-6.44 -15.38 -24.31 -32.16 -40.07 .

2047 27.56 34.65 4413 33.61

Color Ratio = 1064 nm Backscatter / 532 nm Backscatter
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Level-2: Cloud dAerosol Discrimination

A Following feature detection, information (primarily color ratio) is used to first discriminate clouds from
aerosols.

A Reminder:
T Clouds have color ratios ~0.6 01.4
T Aerosols have color ratios~0 9 0.6

A CATS 1064 nm ATB (km~! sr=1); 26 March 2015, Day
—_ 5-Oe'2
e 1.0e-2
31071 5.0e-3
2
g = le-3
0k i 5e-4
. : 1.0e-4
B CATS algorithm CAD, 1 - No layer, 2 - Cloud, 3 - Undetermined, 4 - Aerosol
4
€15
& 3
o 10
E
£ s ’
<
1

o
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Level-2: Cloud Phase

A Using depolarization ratio and temperature

. clouds are classified as ice or water.

CATS 1064 nm Total Attenuated Backscatter, km " sr' UTC: 2017-04-11 07:17:45.9 to 2017-04-11 07:32:41.2 Version: 3.00 FFOV Nighttime
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Level-2: Aerosol Type

CATS 1064 nm Total Attenuated Backscatter, km” sr’' UTC: 2017-07-14 21:00:03.1 to 2017-07-14 21:14:58.4 Version: 3.00 FFOV Nighttime

Altitude, km
=i = N
o @ S

After a feature is classified as aerosol, the
following information may be used to assign
an aerosol type:

11

A Feature Depolarization Ratio
A Feature Thickness

A Underlying Surface Type

A Feature Elevation

A Model Information

Altitude, km

113
N
g
3

t 17 11 -6.16 -0.44 5.: 10.98 16.60 22.46 27.75
on -1.96 2.38 6.53 10.59 14.64 18.78 23.09 28.01 33.01
= 4 = no signal L = low/no

CATS Aerosol Type UTC: 2017-07-14 21:00:11.0 to 2017-07-14 21:15:13.8 Version: 3.00 FFOV Operational Algorithm
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Optical Property Retrievals

A To retrieve optical properties, such as extinction, elastic backscatter lidar systems typically require
assuming an extinction -to-backscatter ratio d known as lidar ratio.

A One of the primary purposes of classifying cloud phase and aerosol type is to assign a
corresponding lidar ratio for optical property retrievals.

A Aerosol lidar ratios typically range from 10 880 Steradians (Sr), while cloud lidar ratios typically
range from 10 &30 Sr.

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

o To

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

(a) Continental ext. coeffi
Lon

cients at 532 nm (in Mm™)

' (c) Dust ext. coefficients ot 532 nm (in Mm™) (e) Marine ext. coefficients at 532 nm (in Mm™)
: - Longitude (deq.) e o . Longitude (degq.)
38 27.07 24,76 2277 21.07 1953 1811 16.79 550 14,27 13.04 2998 27.07 24.76 22.77 21.07°19.53 1B11 16.79 1550 14.27 13.04

€. Mediter. : Saharo

Georgoulias et al., 2020
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Observations to Feature Type: Real World Example




CALIPSO Case Study: Level -1 to Level -2 Products w‘“‘mﬂ

Level 1 Products 5532 nm

Total attenuated backscatter
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x

S

o
N

A Measurements of signal
depolarization allow the

{ x10-2
20 4

IRAMAADGNNDNDLNANNDO L
3 rnowomomomooooooooooo

discrimination of spherical 2

and non -spherical cloud and 2

aerosol particles (Winker et °

al. 2007) .. | s )
A If enhanced signal in both ) L. V9

. . 3 i [ ) ! : . v 2

Images then non -spherical | i L : C o

p artICIeS (R eglon A) 532 nm Perpendicular Attenuated Backscatter km™ sr’ UTC: 2006-06-13 12:43:50.4 to 2006-06-13 12:57:19.( "?m,a
A\If enhanced signal in total - Perpendicular attenuated backscatter 8532 nm

backscatter image but little | : |

or no enhancement in the S

perpendicular image, then £ 3

spherical particles (Region B ) E

Lon 9.73 8.02 6.09 3.83 1.07 -2.52 -7.54 -15.35
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CALIPSO Case Study: Level -1 to Level -2 Products —

532 nm Total Attenuated Backscatter, km” sr’ UTC: 2006-06-13 12:43:50.4 to 2006-06-13 12:57:19.0 Version: 4.10 Standard Daytime

I—evel 1 PrOdUCtS ) Total attenuated backscatter 0532 nm

25 1§

x

S

o
N

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

A If same intensity in both
channels, coarse, larger

x10-2
20

15

IRABAADGNNDNDMNANNDO L
3 rnowomomomooooooooooo

Altitude, km

10

1064 nm Attenuated Backscatter, km™' sr’ UTC: 2006-06-13 12:43:50.4 to 2006-06-13 12:57:19.0 Vel

particles - Total attenuated backscatter & 1064 nm
Alf signal more intense in the 532 ol R T B

channel: fine, smaller particles "
A Region A: coarse non spherical £ 3

I cirrus cloud?

10 —

A Region B: fine spherical
I urban pollution?

X
S
=)

o

SNOAAGNGDOALNNOOAMANDONNGDANDMRNN DO

oooboooboooboomomoowomomoooooocobooD
3
g

.0x10-4

Lat 31.09 37.16 43.20 49.22 55.19 61.09 66.88 72.45 77.48
Lon 9.73 8.02 6.09 3.83 1.07 -2.52 -7.54 -15.35 -29.12
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CALIPSO Case Study: Level -1 to Level -2 Products ==

Level 2 Products

l . Totally Attenuated
e Subsurface

s  Surface

s Stratospheric layer
s Aerosol

3 (L)

2 Cloud

2 (L)

1 Clear air
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Vertical Feature Mask UTC: 2006-06-13 12:43:50.4 to 2006-06-13 12:57:19.0 Version: 3.01 Nominal Daytime

w
[=]

Vertical Feature Mask

L] n
(=] 3]

Altitude, km
-
o

|
10 ¥l

0
t T T T T T T t
Lat 31.09 37.11 43.16 49.17 55.14 61.05 66.84 72.41 77.48
Lon 9.73 8.03 6.11 3.85 1.09 -2.49 -7.50 -15.27 -29.12
1 =clearair 2 =cloud 3 = aeroso | 4 = stratospheric layer 5 = surface 6 = subsurface 7= totally attenuated L = low/no confidence

Feature mask indicates Region A is cloud
and Region B is aerosol




.

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

Aerosol Subtype UTC: 2006-06-13 12:43:50.4 to 2006-06-13 12:57:19.0 Version: 3.01 Nominal Daytime

6 Smoke 20_} Aerosol sub -type _
5 Polluted Dust _ :

Altitude, km

4  (Clean Continental

- L] w - (4] -]

5— -

3 Polluted Continental 1 = el ,‘ -

Lat 31.09 37.11 43.16 49.17 55.14 61.05 66.84 72.41 77.48

2 D u St Lon 973 8.03 6.11 3.85 1.09 -2.49 -7.50 -15.27 -29.12
N/A = not applicable 1 = clean marine 2 =dust 3 = polluted continental 4 = clean continental 5 = polluted dust 6 = smoke

1 Clean Marine Aerosol sub -type indicates polluted dust or
smoke
Level 1 analysis indicates fine, non -spherical
particles
Potentially Secondary Organic Aerosol (SOA)?
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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




Spaceborne Lidar Quick -Looks: Great for Case Studies
CATS CALIPSO

http://cats.qgsfc.nasa.gov/data/browse https://www __-calipso.larc.nasa.qov  /products/lidar/ browse images /

Data Availability
Calendar

Return to Main STAMDARD Browse Images Page — — HOME
+ Home
+ Products Home

January

February |9

Granule PRODUCTS - CALIPSO STANDARD Browse Images - Version 4.51
Availability Products As part of the A-Train / C-Train satelits constellation, CALIPSO provides profile cbeervations of cloud and aerossls and IR imagery of high cirmus clouds in
2017 this region. These measurements are combined with other A-Train / C-Train satellite measurements and detailed observations from aircraft and ground-
< 5 UPDATES based instruments to batter understand the formation and evolution of tropical clouds and how aerosols affact the cimate systern.
Version 4.51 valid date range is: June 13, 2006 thru Jure 20, 2023,
Select Year: | 2023 | 2022 | 2021 | 2020 | 2019 | 2018 | 2017 | 2016 | 2015 | 2014 | 2013 | 2012 | 2011 | 2010 | 2009 | 2008 |
2007 | 2006 |
CATS data users, please note the instrument modes and latest data versions below:
* Mode 7.1: data from 10 Feb. through 21 March 2015, L1B version 3.00 & L20 version 3.00 2023
* Mode 7.2: data from 25 Mar. 2015 through 29 Oct. 2017, L1B version 3.00 & L20 version 3.00 R _ March  April
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