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Geo-CAPE Airborne Simulator (GCAS)

Scott Janz (Pl), Jayne Boehmler, Sam Xiong — Goddard Space Flight Center
Laura Judd — Langley Research Center contact scott.janz@nasa.gov



Measurement Technique

Spectrometer
S

Video camera

CH,

NO

UV-VIS Spectral fitting to absorption cross-sections is
performed after normalization to a reference scene to
remove solar absorption features and minimize
instrument artifacts

2 different spectral windows are used to retrieve slant
column absorption

Reference scene calibration via external
measurements




Science Objectives

Characterize vertical column NO, and
CH,0 abundance at sufficiently high
horizontal resolution to enable
satellite sub-pixel sampling.

Inform and improve radiative
transfer modeling of air mass
corrections.

Inform and improve chemical
forecasting models using measured
diurnal variations in NO, and CH,O
abundance.




HSRL - High Spectral Resolution Lidar (Aerosols/Clouds)
.DIAL — Differential Absorption Lidar (Ozone)

 NASA LaRC
_ _ « Team members supporting
field operations in STAQS
- Johnathan Hair, Taylor Shingler
(co-leads)

- Rich Ferrare, Chris Hostetler

- Marta Fenn, David Harper,
Anthony Notari

« TRACER-AQ (Sept. 2021) was
the most recent science

mission with combined ozone
i and HSRL measurements on
the JSC GV

https://www-air.larc.nasa.gov/missions/staqs/index.html, https://science.larc.nasa.gov/lidar/



https://www-air.larc.nasa.gov/missions/staqs/index.html
https://science.larc.nasa.gov/lidar/

Multiwavelength measurements from HSRL-2/DIAL

C
Objectives

* Interpret the temporal and spatial
evolution of ozone and aerosols
- Spatial & temporal profiles of ozone and
aerosols tropospheric profiles
- High horizontal resolution near surface
ozone and aerosol extinction
- Mixed layer heights, cloud heights

* Provide datasets for model comparisons
- Interpretation of transport (advection),
mixing, and photochemistry

« Evaluate TEMPO
- Troposphere and near surface (0-2km)
- Aerosol Optical Depth

Measurements

Ozone
- Ozone Profiles (290,300nm)
- Surface weighted ozone concentrations (2-

km near surface products)

Aerosols and Clouds

- Particulate backscatter profiles (355, 532,
1064 nm)

-Aer)osol extinction profiles (355 and 532
nm

- Particle depolarization profiles (355, 532,
1064 nm)

- Extinction-to-backscatter ratio profiles (355
and 532 nm)

- Coarse aerosol type/Classification

- Aerosol Optical Thickness (AOT) (355, 532
nm

- Mix)ed Layer Heights (MLH) (additional
analysis/processing)



Vertical Profile Products: Connecting to the Surface
.Diurnal Variations (RF03 — 20210908)

Ozone Vertical Profiles Aerosol Backscatter Vertical Profiles

it

Near-surface (0-1km) Average Ozone Near-surface (0-1km) Average Backscatter



High Altitude Lidar Observatory (HALO) —
Combined CH, DIAL and High Spectral Resolution Lidar

Amin Nehrir: Co-Lead
Rory Barton Grimley: Co-Lead
Team members
James E. Collins, Anthony Notari, David Harper,
Rich Ferrare, John Hair, Taylor Shingler

STAQS Geophysical Observables
HALO is a reconfigurable lidar:

* Methane
H,0 DIAL/HSRL or CH, DIAL/HSRL - Surface weighted column mixing ratio (1645 nm)

- PBL apportioned column mixing ratio (new
exploratory measurement during STAQS)

* Aerosol
- Particulate backscatter profiles (532, 1064 nm
- Aerosol extinction profiles (532 nm)
- Particle depolarization profiles (532, 1064 nm)
- Extinction-to-backscatter ratio profiles (532 nrr
- Coarse aerosol type/Classification

- Aerosol Optical Thickness (AOT) (532 nm)
- Mived | avar Heiahte (M1 H)



HALO XCH, (Column Methane) Observables and Validation

HALO validation during the 2019 ACT-America Campaign

« Mean difference between HALO and in situ-validation
is 2.5 ppb

« standard deviation of the differences between halo
and validation observations across 11 comparisons is

16.66 ppb

* <1% precision with 1-2 km along track average
Barton-Grimley et al. 2022, AMT



HALO Profile and PBL Products

Barton-Grimley et al. 2022, AMT

HSRL intensive and extensive observables ideal for evaluating
impact of aerosols on passive retrievals from space

Gradients in backscatter used for retrieval of the mixing layer
height (proxy for PBL height)

Atmospheric Backscatter at 1645 nm allows for profile
measurement of methane absorption

New detector for STAQS will improve backscatter at 1645 nm
and allow for evaluation of PBL XCH, products



STAQS Overview:
Airborne Visible/Infrared Imaging Spectrometer
Next Generation (AVIRIS-NG)
https://avirisng.jpl.nasa.gov

Robert O. Green, Andrew Thorpe, lan McCubbin, Michael
Eastwood and Team

Contacts: Robert.O.Green@jpl.nasa.gov,
Andrew.Thorpe@jpl.nasa.gov, lan.McCubbin@jpl.nasa.gov,
Michael.Eastwodd@ijpl.nasa.gov

Jet Propulsion Laboratory, California Institute of Technology


mailto:Robert.O.Green@jpl.nasa.gov
mailto:Andrew.Thorpe@jpl.nasa.gov
mailto:Ian.McCubbin@jpl.nasa.gov
mailto:Michael.Eastwodd@jpl.nasa.gov

Airborne Visible/Infrared Imaging Spectrometer
Next Generation(AVIRIS-NG) https://avirisng.jpl.nasa.gov/

« Imaging Spectroscopy: Earth System
science
— Very high SNR, Calibration, Full VSWIR
(380 2500 nm @ 5 nm)
— 34 degree Swath 1 to 7 m sampling

— Exceptional measurement quality for
science (current state-of-the art)

GHG Aerosol Is Minerals

* AVIRIS-NG is routinely flown
on B200 aircratft.

« 2023 will fly on G-3/5 as well

* AVIRIS-NG: US, India, Europe,

Greenland, ABoVE, and more
Reflectan

Radian ce
ce

Products available: ecosystem, aquatic, geology,

LYBERIY Robert. O. Green@jpl.nasa.lgov



GHG Point Source VSWIR Imaging Spectroscopy
History

Calibrated 100s of Parallel Spectrometers \
Image

Cube Detector

Array

Spectromete
r

Telescop
e
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Methane

Map

* Duren, Riley M., Andrew K. Thorpe, Kelsey T. Foster, Talha Rafig, Francesca M. Hopkins, Vineet Yadav, Brian D.
Bue et al. "California’s methane super-emitters." Nature 575, no. 7781 (2019): 180-184.

* Frankenberg, Christian, Andrew K. Thorpe, David R. Thompson, Glynn Hulley, Eric Adam Kort, Nick Vance, Jakob
Borchardt et al. "Airborne methane remote measurements reveal heavy-tail flux distribution in Four Corners

region." Proceedings of the national academy of sciences 113, no. 35 (2016): 9734-9739.

* Thompson, D. R., A. K. Thorpe, C. Frankenberg, R. O. Green, R. Duren, Luis Guanter, Andre Hollstein, E.
Middleton, L. Ong, and S. Ungar. "Space-based remote imaging spectroscopy of the Aliso Canyon CH4
superemitter." Geophysical Research Letters 43, no. 12 (2016): 6571-6578. (many more)



Methane and Carbon Dioxide

AVIRIS-NG CH,/CO, flight campaigns

* Flight planning, management, flight crew, analysis, publication for
multiple campaigns:

» Summer 2019: ABoVE (natural arctic CH4)
« Fall 2019: Permian Basin (anthropogenic CHj)

Methane Source Finder

* Public launch of web portal, which aims to increase stakeholder
engagement and mitigate emissions

Mitigation examples span multiple emission sectors



Aerosols

Retrievals

Brodrick et al., 2022

New work is ongoing showing aerosol retrieval from
AVIRIS-NG (Thompson, Broderick, and more.

Thompson, David R., K. N. Babu, Amy J. Braverman, Michael L.
Eastwood, Robert O. Green, Jonathan M. Hobbs, Jeffrey B. Jewell et
al. "Optimal estimation of spectral surface reflectance in challenging
atmospheres." Remote Sensing of Environment 232 (2019): 111258.

JPL



Assessing NO, emissions of
NYC by mass balance

Rainer Volkamer

and the CUPIDS science team
(Coastal Urban Plume Dynamics Study)

Swlaeha Inamdar Kyle Zarzana Rainer Volkamer (PI) Brian McDonald Joost de Gouw
Cll Ranilldar /1 CIDEC CliRBAanlldar /1 CIDES ClI Ranilldar / CIDEC ciIpeS / NNIOA A Cll DAanlldavr /1 CIDEC



CU Boulder Airborne Multi-Axis DOAS

* UV/Vis DOAS instrument to quantify HCHO, NO,, |0, * Forward, zenith, and nadir viewing modes
and avnlare (‘l—ln(‘l—lq |-’|n|\|n
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.10 12 H,0 Deployment with NOAA CSL Doppler wind lidar on the Twin Otter

o * FOV of 550 m along track x 20 m cross track

° at 4 km AGL with 2 second resolution

: . » Surface albedo sensor (UV-vis wavelengths)
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AMAX science goals and foci
/ NO, emissions by mass balance \ /— VOC/NO, photochemistry \

above plume Chemistr
\’i =S row  ~NO% Y 0
SO'A/" RO, 7’ S [’\ ! |
BVOC VCP  NO *o,]. _*
AVOC

Primary species (inert)
== == = - Primary species (reactive)
Secondary species

Quantify sources of NO, and other relevant species KAssess ozone sensitivity to NO, and VOC; examine the mixing and/

by mass balance on the scale of megacities impact of marine emissions (i.e., iodine) on urban ozone chemistry
Project title: “Airborne DOAS Remote
Sensing of Oxygenated VOCs and NO,

Flux = fvcvﬁ-ﬁds
S

Dates: 6/24-

Base:

&Arthur (KISP)



Scanning High-resolution Interferometer Sounder (S-HIS)

I 0000
University of Wisconsin-Madison Space Science and Engineering Center (UW-SSEC)

Pl: Joe Taylor

Team members and collaborators:
Hank Revercomb, Fred Best,
Dan DeSlover, Ray Garcia,
Robert Knuteson, Michelle Loveless,
Brad Pierce, William Smith Sr.,
Dave Tobin, Elisabeth Weisz




Scanning High-resolution Interferometer Sounder (S-HIS)

9/23/22 UW-Madison Space Science and Engineering Center 20



Science Goals and Foci

9/23/22 UW-Madison Space Science and Engineering Center 21



Pandonia Global Network: Reference measurements of 03, NO,, and HCHO

1) Calibration and Quality Assurance:
a) Laboratory and Field calibration of instruments

2) Network operation
a) Remote monitoring and repair of instruments

3) Retrieval
a) Production of 05, NO, and HCHO Columns/Profiles

The PGN operates 148+
Pandora instruments

https://www.pandonia-global-network.org/
Thomas.Hanisco@nasa.gov, alexander.cede@|uftblick.at

22


https://www.pandonia-global-network.org/
mailto:Thomas.Hanisco@nasa.gov

ESA/NASA Pandonia Global Network

66 Instruments
in TEMPO FOR

4 )

130 Official
® instruments

40+ Unofficial
® instruments
(not all deployed)
\_

J




PGN in 2023 Studies

- Validation data
for GCAS, TEMPO,

TROPOMI S02, orofle of - 40 daily I
HCHO, 03, NO2 the default PGN

sampling routine

data products

« Support model
evaluation

« Use flight
profiles and
surface in situ
monitoring to
assess the PGN
vertical profile
products

« Tie study results
to long-term
records (several
dating to 2018)




AERONET DRAGONSs in the Context of AGES

* 9 wavelengths UV, VIS,
NIR

* Aerosol Optical Depth

* Water Vapor

* Size Distribution, SSA,
Refractive Index

* Nighttime AOD

Stationary or Mobile

Minimal infrastructure

Cimel Sun/Sky/Moon
Radiometer

ICL{UIICIIICII‘L—)

AERONET DRAGONs

Establish a mesoscale network of Sun/sky/Moon
photometers encompassing various landscapes
Optimize siting in conjunction with aircraft performing
in situ measurements

Optimize network for satellite retrieval validation
Supplement regional sites to capture variability in
aerosol

abundance and characteristics

Giles et al. 2019; Warneke 2022, in



Expected
Flight
Domain

“

DRAGON Phase 1

Deployed 5 sites week of August
22,2022

DRAGON Phase 2 (~April 2023):

Madison, Westport and possibly

lihertyv {ecience Center Dittctown

East
Brunswick

Flushing (Queens
College)

LISCO (Long Island
Sound)



Expected
Flight
Domain

5 Active AERONET sites in LA
vicinity

Potentially ~5 DRAGON
instruments could be deployed
depending on resources

N

USC
Seaprism

Santa Monica

College
Table_Mountain_C
A



TOLNet Network Overview

John Sullivan, TOLNet Project Scientist
Mike Newchurch, TOLNet Chief Scientist

28

1.

Network Goals

Provide high spatio-temporal observations of planetary
boundary layer (PBL) and free tropospheric ozone

2. Foster use of these high-resolution ozone observations to

improve and evaluate air-quality forecast and chemical
transport models used by the scientific and the regulatory
community.

3. Study the atmospheric structure that current and future

satellites observe and assess the fidelity with which a

Network Instrumentation

Each TOLNet site consists
of a unique UV lidar system.
This includes a UV laser
transmitter, receiver
(telescope) and data
collection system. Lidars are
installed in portable
containers for field efforts or
stationary for long term

geostationary instrument, such as TEMPO, can measure that

stueNgtwork History and Evolution

TOLNet was established in 2012 to provide high spatio-temporal
observations of tropospheric ozone to (1) better understand
physical processes driving the ozone budget in various
meteorological and environmental conditions, and (2) validate the
tropospheric ozone measurements of spaceborne missions. By
FY23, TOLNet expects to have 8 operational lidar systems, a
modeling center, and data center.

Project Scientist: John Sullivan, NASA GSFC

Ia 43
OPDSCITvVAlulls.

Network Map | site | institution _

TROPOZ
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Data: https://www-air.larc.nasa.gov/missions/TOLNet/ Modeling

Data Center

NASA/GSF
Cc

NASA/LaR
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UAH
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Hampton U.
CCNY
NASA/ARC
NASA/l aR



TOLNet Network Overview

John Sullivan, TOLNet Project Scientist
Mike Newchurch, TOLNet Chief Scientist
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1.

2. Foster use of these high-resolu

3. Study the atmospheric structurg
satellites observe and assess the fidelity with which a
geostationary instrument, such as TEMPO, can measure that

stueNgtwork History and Evolution

Network Goals

Network Instrumentation

Provide high spatio-temporal ol
boundary layer (PBL) and free 1

improve and evaluate air-qualit
transport models used by the s¢
community.

Annual TOLNet Science Team
Meeting

2022- Virtual

NASA, NOAA, ECCC, EPA and
external collaborators

ch TOLNet site consists

A unique UV lidar system.
s includes a UV laser
nsmitter, receiver
escope) and data

lection system. Lidars are
talled in portable

ntainers for field efforts or
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tionary for long term

TOLNet was established in 2012 to provide high spatio-temporal
observations of tropospheric ozone to (1) better understand
physical processes driving the ozone budget in various
meteorological and environmental conditions, and (2) validate the
tropospheric ozone measurements of spaceborne missions. By
FY23, TOLNet expects to have 8 operational lidar systems, a
modeling center, and data center.

Project Scientist: John Sullivan, NASA GSFC

Data: https://www-air.larc.nasa.gov/missions/TOLNet/
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Network Wide Observations of Stratospheric Intrusions Across the U.S.
Feb 17-19, 2022

Feb 17th

Feb 17th

Feb 18-19th
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Diurnal Variability of MLH and Ozone in NYC Urban and Coastal Area from an
Integrated Observation during LISTOS 2018

Yonghua Wu 2, Amin Nehrir 3, Guillaume Gronoff 34, Jianping Huang °, James Collins>*, Timothy A. Berkoff 3, Ligiao Lei®>*, Dingdong Li %,
Margarita Kulko 2, Mark Arend 2, Barry Gross" 2, Fred Moshary %2

1CCNY, 2 NOAA-CSCESSRST, 3 NASA Langley Research Center, % SSAIl, > NOAA/NCEP/ EMC

Background:

* High ozone (Os) episodes occur in New York City downwind
coastal area (Long Island Sound) due to urban emissions and
pollutants transport, mixing-layer-height (MLH) dynamics, land-
sea breeze and chemistry, etc.

Analysis:

* Characterize and compare temporal-spatial variation of MLH and
O; in NYC urban and coastal area using CCNY-lidar, NASA
airborne HALO, NASA LaRC ozone lidar, ground O;, NO, and
meteorological measurements.

Findings:

Consistently higher O; concentrations (max. 100-120 ppb) but
lower MLH in the Coastal area of CT and Long Island than those
in NYC urban area on Aug.28-29, 2018; Time-lag for the MLH
morning transition in the coastal and marine area relevant to the
urban-land and coast-water surface contrast (T, sensible heat).

Significance:
. NASA TOLNet is critical because the observations provide insights
into understanding high ozone in the coastal area of LIS and CT.



