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Training Learning Objectives

By the end of this training, participants will:

« Familiarize with legacy, current, and upcoming NASA satellite missions useful for studying land and
aquatic ecosystems.

« Familiarize with airborne sensors flown during the 2023 BioSCape Campaign, particularly the optical
sensors (AVIRIS-NG and PRISM).
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Applications and Sources of Airborne VSWIR Data
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Adapted from: Wilson, A., Hestir, E., Slingsby, J., Cardoso, A. (2022).
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Applications of Airborne VSWIR Data

* Hyperspectral visible to shortwave infrared imaging spectroscopy data can be used to monitor and
measure a wide array of environmental parameters such as climate variability, land cover
distribution, seasonal cycles, and much more.

«  Common sources of this data include AVIRIS-NG and PRISM.

Source: NASA JPL
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Overview of Commonly Used NASA Satellite Sensors
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Landsat Series

Landsat 8 Surface Reflectance

* First Landsat launched in 1972 Path 44 Row 33 - Acquired 7 Oct 2018
x‘_i"-"ri”:‘:\{ fands 6,54
- NASA creafted and launched B R,

« USGS maintains data

 Passive Sensor — Obtains values of reflectance
from Earth's surface

« 30-meter pixels
« Image of the entire Earth every 16 days

Applications:

« Vegetation Health
« Deforestation

* Fires

« Agriculture

« Species Habitafs

« Water Quality
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Moderate Resolution Imaging Speciroradiometer (MODIS)

« Spatial Resolution:
— 250m, 500 m, 1 km
 Temporal Resolution:
— Daily, 8-day, 16-day, monthly, quarterly, yearly
— 2000 - Present
 Data Format:
— Hierarchical Data Format — Earth Observing System
Format (HDF-EQOS8)
« Spectral Coverage:
— 36 bands (major bands include blue, green, red, IR,
NIR, MIR)
Bands 1-2: 250 m
Bands 3-7: 500 m
Bands 8-36: 1000 m
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Visible Infrared Imaging Radiometer Suite (VIIRS)

* A sensor onboard the Suomi National Polar-Orbiting
Partnership (NPP)

 Data available globally from January 2012 to present
« RevisitTime: 1 day

« Spatial Resolution: 375 m and 750 m

« Similar to MODIS (with some differences)

* Visible, near-infrared channels (reflectance)

« Shortwave and longwave infrared (brightness
temperature)

 Products:
— Surface Reflectance
— Vegetation Indices
— Thermal Anomalies
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Suomi NPP
satellite (above);
Global
vegetation map
(left). Image
Credit:
NASA/NOAA)



Commonly Used NASA Airborne Optical Sensors




Airborne Visible/Infrared Imaging Spectrometer (AVIRIS)

* Objective: Identify, measure, and monitor
constituents of Earth’s surface and atmosphere
based on molecular absorption and particle
scafttering signatures

e Sometimes referred to as AVIRIS-C “Classic”

* Flown in North America, Europe, portions of
South America, and Argentina

* Flown on Four Aircraft Platforms: NASA's ER-2
Jet, Twin Oftter International’s Turboprop,
Scaled Composites' Proteus, and NASA's WB-57

e Active since 1986

Source: Lu et al.. 202
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https://hcis-journal.springeropen.com/articles/10.1186/s13673-020-00215-z

Airborne Visible/Infrared Imaging Spectrometer (AVIRIS)

AVIRIS: Key West, Florida 921119

Red= 646.7 nm Green= 547.6 nm Blue= 449.1 nm ° 224 Conﬂnuous SpeC‘I'r'Ol bOndS
e - Spectral Coverage: 380 fo 2500 nm
A 3 . Bandwidth: <10 nm

* Pixel size based on altitude:

— 20 km Above Ground Level (AGL) for 20 m pixel
resolution

— 4 km AGL for 4 m pixel resolution

Source: NASA JPL
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https://aviris.jpl.nasa.gov/aviris/science_applications/coastal.html

Accessing and Using AVIRIS-C Data

AVSTS AVIRIS Data Portal 2006-2021

e lmrw At e

S

s

.~

\-Z"\.\ R

\ . ®
. _ O e e o i R
Data Table
RIS
I e e e e < <o =3
P - ] ' ®
8 o - -

NASA ARSET — Hands-On Field Spectroscopy Training and Data Skills Workshop

2006 — 2021 data is available to download from
AVIRIS Data Poridl

— Many filtering options

— Each flightline uses a specific base flename
prefix

To access pre-2006 data, users must fill out @
request form

Data Types:

— .KML

- JPEG

— .dat

Compatible with ENVI, QGIS, ESRI products, etc.
Preprocessing tutorial is provided


https://aviris.jpl.nasa.gov/dataportal/

Previous AVIRIS Campaigns

2006-2021 Campaigns
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Airborne Visible InfraRed Imaging Spectrometer - Next Generation
(AVIRIS-NG)

Amaant pAY | PRARED BN Y PR

 Objective: To support NASA science and applications by ﬂw "@
WAL

measuring spectra as images that record the interaction
of light with matter. These spectra are used to identity,
measure, and monitor constituents of the Earth's surface
and atmosphere.

* Flown on Several Aircraft Platforms: NASA's ER-2 Jet, the
Twin Otter Turboprop, B200 King Air, and NASA's
Gulfstream Illl and V

 Flown in North America, Europe, and India, and South
Africa

 Active since 2009

Next Generation

Source: NASA JPL
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https://avirisng.jpl.nasa.gov/platform.html

Airborne Visible InfraRed Imaging Spectrometer - Next Generation

(AVIRIS-NG)

Direction of Flight

Source: NASA JPL
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481 contiguous spectral bands

Spectral Coverage: 380 to 2510 nm
Spectral Resolution: 5 nm £ 0.5 nm

Pixel Size Based on Altitude:

— 6,500 ft AGL for 2 m pixel resolution
— 13,000 ft AGL for 4 m pixel resolution
— 20,000 ft AGL for 6 m pixel resolution



https://avirisng.jpl.nasa.gov/platform.html

AVIRIS-NG Data Products

Product
Product Description

Orthocorrected and atmospherically corrected reflectance data (32-bit floating point quantities from 0

to 1) as well as retrieved column water vapor and optical absorption paths for liquid H20 and ice.

_Raw Data ‘ AVIRIS-NG Orthorectified -
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Accessing and Using AVIRIS-NG Data

@D AVIRIS-NG Data Portal 2014-2021

T — | « 2014-2021 datais available to download from
B ==\ AVIRIS-NG Data Portal
S :

— Many filtering opftions
— Each flightline uses a specific base flename

\ prefix
\\\ « Data Types:
__ | ~  KML
) AN —  JPEG
= T
ptinasis . Compatible with ENVI, QGIS, ESRI products, etc.
__pvenagrongs =

o
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https://avirisng.jpl.nasa.gov/dataportal/

Portable Remote Imaging SpectroMeter (PRISM)

« Application: To serve as a UV-NIR (350 nm to
1050 nm) Coastal Ocean Science Instrument.

« Flown on Four Aircraft Platforms: NASA's ER-2
Jet, Twin Otter Aircraft, Gulfstream Glll and GV

« Flown in Western United States, South America,
the Southern Ocean, and South Africa

« Active since 2012

Source: NASA JPL
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https://prism.jpl.nasa.gov/index.html

Portable Remote Imaging SpeciroMeter (PRISM)

vacuum
enclosure
baseplate

telescope Source: NASA JPL
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Pushbroom imaging spectrometer with 246
contiguous spectral bands

Spectral Coverage: 350-1050 nm
Spectral Resolution: 3.5 nm

Two short wave infrared (SWIR) bands at 1240
and 1610 nm

— Bandwidth: 22 nm and 56 nm

The spatial resolution depends on the alfitude
and plane speed, butranges from 0.3 to 16 m.


https://prism.jpl.nasa.gov/index.html

PRISM Data Products

Product
Product Description

Name

Orthocorrected and atmospherically corrected reflectance data (32-bit floating point quantities from 0
to 1) as well as retrieved column water vapor and optical absorption paths for liquid H20 and ice.

L1B Data Products

Source: NASA JPL

22
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https://prism.jpl.nasa.gov/prism_data.html

Accessing and Using PRISM Data

a PRISM Data Portal 2014-2018

et o A SRS « 2014-2018 data is available to download from
e __ PRISM Data Portal
— N R, W —  Many filtering options
- — Each flightline uses a specific base flename
prefix
 Data Types:
— KML
— JPEG
ool — .daf
aa « Compatible with ENVI, QGIS, ESRI products, etc.
e o -
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https://prism.jpl.nasa.gov/dataportal/

Comparing Airborne Systems: Specifications

-~

AVIRIS-C: AVIRIS-NG:

« Active since 1986 « Active since 2009

« 224 continuous spectral « 481 contiguous spectral
bands bbands

« Spectral Coverage: 380 to « Spectral Coverage: 380 to
2500 nm 2510 nm

« Spectral Resolution: 10 nm « Spectral Resolution: 5 nm

« Spatial Resolution: 4-20 m « Spatial Resolution: 2-6 m
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PRISM:

Active since 2012

256 contiguous spectral
bands and 2 SWIR bands:
1240 and 1610 nm

Spectral Coverage: 350 -
1050 nm

Spectral Resolution: 3.5 nm

Spatial Resolution: 0.3 to 16
m



Comparing Airborne Systems: Access and Use

RS
AVIRIS-C: £
« Data Access:
— Data portal
— 2006-2021

—  Pre-2006 form
« Data Products:

— UptoLevel 1Bfor 1993 1o
2012

— Up to Level 2 for data
collected 2013 to
present

 Data Types:
- KML
- JPEG
— .dat

AVIRIS-NG:

Data Access:
— Data portal
— 2014-2021

Data Products: Level 1B and
L2

Data Types:
-  .KML

-  .JPEG

— .dat
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PRISM:

Data Access:

Data Products: Level 1B and

L2

Data portal
2014-2018

Data Types:

.KML
JPEG
.dat




Upcoming Mission Highlights




Paving the Way for Future Missions

The design and data from these airborne instruments have been essential in the development of
upcoming satellite missions and future science initiatives.

* Mission objectives and spectrometer specifications are based off the successful
Implementation of previous airborne campaigns.

Mangroves Great Barrier Reef Agriculture Grasslands

Imagery from HyTES, AVIRIS-NG, AVIRIS-C, and PRISM campaigns used for the
development of NASA's SBG mission. Credit: Cawse-Nicholson. et al.. 2021.
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https://www.sciencedirect.com/science/article/pii/S0034425721000675?via%3Dihub

Plankton, Aerosol, Cloud, and Ocean Ecosystem (PACE)

PACE is NASA's next great investment in

hyperspectral earth imagery and multi-angle polarimetry.
— Launch Date: Feb 8, 2024
— 3-year design life; 10-year propellant

« Hyperspectral Imager: Ocean Color Instrument

(OClI)

— Spectral Resolution: UV to SWIR (340-890 nm every 2.5
nm, with 940, 1038, 1250, 1378, 1615, 2130, & 2250 nm)

— Temporal Resolution: 2 days
— Spatial Resolution: T-km2 at nadir
« Two Multi-Angle Polarimeters

— HARP-2: Wide swath, hyper-angular, 4 bands across
the VIS & NIR

— SPEXone: Narrow swath, hyperspectral (UVNIR), 5
viewing angles

NASA ARSET — Hands-On Field Spectroscopy Training and Data Skills Workshop

HARP-2 — /
SPEXone




Extend key systematic ocean biological, Make new global measurements of ocean color Collect global observations of aerosol & cloud

ecological, & biogeochemical climate data that are essential for understanding the global properties, focusing on reducing the largest
records, as well as cloud & aerosol climate carbon cycle & ocean ecosystem responses to a uncertainties in climate & radiative forcing
data records. changing climate. models of the Earth system.

GSD of 1 £0.1 km? at nadir Spectral Range from 350-865 @ 5 nm 940, 1038, 1250, 1378, 1615, 2130, 2260 nm

Twice-monthly lunar calibration & onboard
solar calibration (daily, monthly, dim)

Insfrument Performance Requirements

Dark Ocean vs.
' Bright Land & Clouds

Varied
Contrasts

- bsorbing

| Aerosols Multi-Angle Polarimetry

Tilt + 20° Spectral Range Goal of 320-865 @ 5 nm

Improve our understanding of how aerosols influence ocean ecosystems & biogeochemical cycles and how ocean biological &
photochemical processes affect the atmosphere. 29




PAACE  Moving from Multispectral Radiometry to Spectroscopy

1978-1986 1997-2010 1999-pres. 2012-pres.

¥

CZCS SeaWiFS MODIS  VIIRS PACE  Example tarpeted P ey Signals from fhe ocean are
‘] w ‘] ‘] ‘] L > - small & differentiating
LE-r W .
Ak s W s 1 between constituents
5 shini ;?jrjc:jcriim o == requires additional
R information relative to
W W W 7 ioments of Phytoplankton what we have today.
I " 1 I | chiorophyll-a g‘;mg’;s ?.:gn
d — — — o : What VIIRS Sees
% ; y | 1 _ _ E 1.0 . Fish food (dlatome) |
E . . . . I Susp&ndad Farticles sizes g 08 . " urtle food (Noctiluca) |
= particles = ook s
Phytoplankton % 6l
physiology £, .
L R J—— h::?cmshﬂ Eoit ... & ]
E— =amni Z 350 400 450 500 550 600 650 700
fluorescence FARa SUorscance Example Noctiluca Wavelength (nm)
Coastal biology g . What PAC E OCI WI” See
8 10 Fish food (diatoms)
E [ | - [ AeEEkERa Aol g g 08 Turtle food (Moctiluca)
= [ cloud properties; cloud properties; = [ 5. ]
R ocean color E— OCean color 5 00 ma . .ﬁ‘ ;'
o R — T mmmm  atmospheric 3 0.43.‘.' - s '=§
= e s COrrECtion B corection & 4o . :
1 ® — — =] £z :
< 350 400 450 500 S50 600 650 700
Wavelangth (nm)

X o . o— 1mm —@
NASA ARSET — Hands-On Field Spectroscopy Training and Data Skills Workshop Joaquim Goes, LDEO 30
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https://pace.oceansciences.org/timeline.htm
https://pace.oceansciences.org/timeline.htm

Surface Biology and Geology (SBG) Mission

https://sbg.jpl.nasa.gov/

* In development via guidance from the 201
Decadal Survey

« Potential Parameters:
— Visible to Shortwave Infrared Bands:
« Spectral Range: 350 or 400-2,500 nm . §7 0
- Spectral Resolution: 10 nm or better BT, e © Wit £
. Global with 2- to 16-day revisit times i A )
— Thermal Bands:

« Spectral Range: 8,000-12,000 or
3.000-5,000 nm

« Spectral Resolution: Greater than 5
bands

« Global with 1- to 70-day revisit times

Mount Kilimanjaro Image Credit: JPL SBG
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about:blank
https://sbg.jpl.nasa.gov/
http://sites.nationalacademies.org/DEPS/ESAS2017/index.htm
http://sites.nationalacademies.org/DEPS/ESAS2017/index.htm

SBG Mission

SBG provides data for many focus areas ...

Ecosystems Agriculture Coastal Zones

Snow and Ice

... and will see the world in
two critical spectral regions

TIR

VSWIR Minerals
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SBG Potential Applications; Image Credit: JPL SBG
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https://sbg.jpl.nasa.gov/

Resources

« https://airbornescience.nasa.gov/
« https://aviris.jol.nasa.gov/
« https://prism.jpl.nasa.gov/
« hitps://www.bioscape.io/

« https://airbornescience.jpl.nasa.gov/campaign/coral
« https://sbg.jpl.nasa.gov/
« https://pace.gsfc.nasa.gov/
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Summary

 Hyperspectral visible to short wave infrared (VSWIR) data refers to wavelengths within the visible and
infrared portions of the electromagnetic spectrum (380- 2500 nm).

 The increased spectral resolution from hyperspectral data can provide users with additional data that
multispectral data cannot measure.

 Airbomne Visible/Infrared Imaging Spectrometer (AVIRIS), Airborme Visible InfraRed Imaging Spectrometer —
Next Generation (AVIRIS-NG), and Portable Remote Imaging SpectroMeter (PRISM) airborne campaigns
provide us with hyperspectral VSWIR data.

 Recent and future hyperspectral missions include Plankton, Aerosol, Cloud, and Ocean Ecosystem (PACE),
Airbome Visible InfraRed Imaging Spectrometer 3 (AVIRIS-3), and Surface Biology and Geology (SBG).

Source: NASA JPL -
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https://avirisng.jpl.nasa.gov/platform.html

Thank Youl!
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