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NASA’s Applied Remote Sensing Training Program (ARSET)

hitps://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/about-arset

« Part of NASA's Applied Sciences
Program

« Empowering the global community
through remote sensing training

« Seeks to increase the use of Earth
science in decision-making through
training for:

— Policy makers
— Environmental managers

— Other professionals in the public
and private sector
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I Water Resources

I Air Quality



https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset/about-arset

Course Structure and Materials

* Three, 1.5-hour sessions on January 19, January @ APPLIED SCENCES
26, and February 2

* The same content will be presented at two
different times each day:
— Session A: 11:00-12:30 EST (UTC-5)
— Session B: 16:00-17:30 EST (UTC-5)
— Please only sign up for and attend one
session per day.

* Webinar recordings, PowerPoint presentations,
and the homework assignment can be found
after each session at:

— https://appliedsciences.nasa.gov/join-
mission/training/english/hyperspeciral-data-
land-and-coastal-systems

* Q&A following each lecture and/or by email af:
* ijuan.l.torresperez@nasa.gov
* amberiean.mccullum@nasa.gov or
* bengtsson@baeri.org

.-. . NASA’s Applied Remote Sensing Training Program
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Hyperspectral Data for Land
and Coastal Systems

HOME / JOIN THE MISSION / TRAINING
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Prerequisites

* Prerequisites: iR Q=
— Please complete Fundamentals of
Remote Sensing or have equivalent
experience.
« Course Materials:

— https://appliedsciences.nasa.gov/j

oiNn-
mission/training/english/fundament
als-remote-sensing Fundamentals of Remote Sensing

PROGRAM AREA:
CAPACITY BUILDING  DISASTERS  ECOLOGICAL FORECASTING  FOOD SECURITY & AGRICULTURE ~ HEALTH & AIR QUALITY ~ WATER
RESOURCES

HOME / JOIN THE MISSION / TRAINING
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https://arset.gsfc.nasa.gov/webinars/fundamentals-remote-sensing
https://appliedsciences.nasa.gov/join-mission/training/english/fundamentals-remote-sensing

Homework and Certificates

 Homework:

One homework assignment
Answers must be submitted via Google Hyperspectral Data for Land

Forms and Coastal Systems
HW Deadline: Tuesday February 16

« Certificate of Completion:

"n_ =

Attend all live webinars

Complete the homework assignment by the deadline (access from ARSET
website)

You will receive certificates approximately three months after the completion
of the course from: marines.martins@ssaihg.com

NASA's Applied Remote Sensing Training Program 5 .
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Course Outline

Session 1: Overview of Session 2: Hyperspectral Session 3: Hyperspectral
Hyperspectral Data Data for Land Data for Coastal and
Management Ocean Systems

NASA's Applied Remote Sensing Training Program



Learning Objectives

« By the end of this session, you will be
able to...

— Recognize hyperspectral data and
how it differs from mulfispectral
data

— |dentify current hyperspectral
sensors and future hyperspectral
satellite missions of interest

— Locate available hyperspectral
data and identify data processing
platforms

Image Credit: NASA JPL

NASA's Applied Remote Sensing Training Program 7 .



https://aviris.jpl.nasa.gov/data/image_cube.html

Infroduction to Hyperspectiral Dato
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Spectral Resolution

The ability of a Multi-spectral —__ band

1

]

Remote Sensing

sensor to define sun

wavelength
intervals.

Each “band”

rism

Sensor

represents a
different part of the
electromagnetic
spectrum.

The finer the
spectral resolution,
the narrower the
wavelength range
for a particular
channel or band.

satellite

ground
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Spectral Resolution

 Eachimage band is a different layer in an image.

60— Visible NIR Intermediate Infrared
-1 [ 2 3 4 5 7
— Soil
X 40—
c = /\
S g /
= 30 P4
= /’
(D)
oz 20— /’
1
10 / ™N \
= Watel Vegetation

0 T T T T T T T T

Multispectral
0,5 0,7 0,9 1,1 1,3 1,5 1,7 1,9 2,1 2,3 2,5

Imagery

.-. . NASA’s Applied Remote Sensing Training Program

Wavelength (pm)

Image credit: USGS



https://landsat.gsfc.nasa.gov/landsat-9/landsat-9-spectral-bands

What is hyperspeciral remote sensing?

The acquisition of imagery in
hundreds of contiguous
spectral bands such that @
radiant spectrum can be
derived for each pixel.

— Measuring reflectance at
close intervals on the
electromagnetic spectrum

— Bands are usuadlly spaced 10
nm or less from one another

NASA’s Applied Remote Sensing Training Program

Image Credit: NSF NEON



https://www.neonscience.org/resources/learning-hub/tutorials/hsi-hdf5-r

Multispectral vs. Hyperspectral Data

Multispectral Hyperspectral

Red (R) RGB Image Hypercube

Green (G)

Blue (B)

Reflectance

Intensity

>
X B G R UV~ ”NIR "
Wavelength A Wavelength A

Image Credit: CIRES, University of Colorado
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Multispectral vs. Hyperspectral Data
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Spectrum representation including: (A) Multispectral example, with 5 wide bands; and (B)
Hyperspectral example consisting of several narrow bands. Some hyperspectral sensors
have several hundred bands. Image Credit: Adao, et al., 2017
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Multispectral vs. Hyperspectral Data

Multispectral: Hyperspectral:
— Popular sensors — Limited in numbers of
such as Landsat satellite sensors
and MODIS — Some mission-specific

sensors aboard the ISS

— Airborne sensors flown
during flight campaigns

— Limited number of
spectral bands

—- Relatively high — Narrow bands that
femporal resolution measure more

— Global spatial characteristics of surface
extent reflectance

— Low temporal resolution
— Less spatial coverage

NASA’s Applied Remote Sensing Training Program



Why is speciral resolution important?

- Pinewoods
Grasslands

Red Sand Pit

Percent Reflectance

S~ -, -===p= Silty Water
0.8 1.0 1.2
Wavelength (um)

Adapted from an image from the Indian Institute of Science.
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Applications of Hyperspectral Imagery

- Geology

- Invasive Species

- Coastal/Ocean monitoring
- Carbon monitoring

- Microbial life in the Arctic

- Volcanic Activity

(Indonesia) by CASI hyperspectral data
(resolution 2,5 m). Right: The bottom-
type classification map made from the
hyperspectral data. Image Credit: SEOS

NASA’s Applied Remote Sensing Training Program
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https://seos-project.eu/coralreefs/coralreefs-c05-p06.html

Applications of Hyperspectral Imagery
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This graph compares the reflectance of hematite (an iron ore) with malachite and chrysocolla (copper-
rich minerals) from 200 to 3,000 nanometers. Image Credit: NASA/USGS by Robert Simmon.

.-. . NASA's Applied Remote Sensing Training Program 18 .



Satellite & Airborne-Based Hyperspectral Imagers




NASA Hyperspectral Imagers

Satellite/Space-Based Airborne
— Airborne Visible/Infrared

— EO-1 Hyperion .
L Imaging Spectrometer
— Test missions onboard the (AVIRIS)
In’rer.naﬂonol Space Station . Campaigns flown
(ISS): around the world
* Hyperspectral Imager for +  Proof of concept for
fhe Coastal Ocean future hyperspectral
(HICO) satellite sensors
+ ECOsystem Spaceborne — Portable Remote Imagining
Thermal Radiometer Spectrometer (PRISM)
Experiment on Space « COral Reef Airborne

Station (ECOSTRESS)* Laboratory (CORAL)
e Mission flown 2016-2019

- Thermal imagery to analyze coastal

prototype for fufure ecosystems and reef
hyperspectral missions conditions

NASA’s Applied Remote Sensing Training Program



EO-1 Hyperion

« Date Range: 2000-2017
« 220 spectral bands

« 357 to0 2567 nm

10 nm bandwidth

« 30 m spatial resolution
« /.75 km swath

o 12-bif

.-. . NASA’s Applied Remote Sensing Training Program

Londsat Baoncls
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Hyperion image of Mount. Fuji, 2000 (left), the
Hyperion sensor (top), and a comparison of the
Landsat bands and a spectra from Hyperion.
Image Credit: USGS



https://www.usgs.gov/centers/eros/science/usgs-eros-archive-earth-observing-one-eo-1-hyperion?qt-science_center_objects=0#qt-science_center_objects

EO-1 Hyperion
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https://earthobservatory.nasa.gov/features/EO1Tenth/page3.php

Hyperspectral Imager for Coastal Ocean (HICO)

« First spaceborne imaging spectrometer designed to sample the
coastal ocean

— Onboard the International Space Station (ISS)
« Date Range: 2009-2014
« Spatial Resolution: 20 m
« Spectral Resolution: 128 bands (400-200nm every 5.7nm)
. Temporol Resolu’rlon ~3 doys

S HICO image of
g massive Microcystis
L; bloom i in western

x5 NASA
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https://www.nasa.gov/mission_pages/station/research/benefits/hico/

HICO

Image Credit: NASA
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https://oceancolor.gsfc.nasa.gov/gallery/feature/H2013229192426.html

ECOSTRESS

e Onboard the ISS

 Date Range: Aug 2018-
Present

* Spatial Resolution: 70 m

 Spectral Resolution: 6
bands (160-1200 nm)

* Range: 53.6° N Iatitude ¥ Crodit: NASARE &
to 53.6° S lafitude

* Find Data At: Data
Pool, NASA Earthdata
Search, AppEEARS,
and USGS EarthExplorer

NASA's Applied Remote Sensing Training Program Image Credit: NASA



https://lpdaac.usgs.gov/tools/data-pool/
https://search.earthdata.nasa.gov/search
https://lpdaac.usgs.gov/tools/appeears/
https://earthexplorer.usgs.gov/
https://ecostress.jpl.nasa.gov/

Change in Drought from October 2019 to 2020 as captured by ECOSTRESS

ECOSTRESS

ECOSTRESS data displaying
evaporative stress from 2019
(top), 2020 (middle), and
percent change in
evaporative stress from 2019-
2020 (bottom) near
Farmington, NM in the NAPI
farms region.

Blue colors represent low stress
and high water use, whereas
red colors represent high stress
and low water use.

Image
Credit:

t -hange e 2019 to 2020

- L\)-‘J. ]

T e NASA
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https://ecostress.jpl.nasa.gov/

Airborne Visible/Infrared Imaging Specirometer (AVIRIS)

* Flown on four aircraft platforms: NASA's
ER-2 jet, Twin Oftter International’s
Turboprop, Scaled Composites' Proteus,
and NASA's WB-57

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

e 224 continuous spectral bands

* 400 to 2500 nm

 Bandwidth: < 10 nm DL BN

- Objective: Identify, measure, and monitor 5= S ST 1§
constitfuents of Earth’s surface and
atmosphere based on molecular

absorption and particle scattering
signatures

Image Credit: Lu et al., 2020

NASA’s Applied Remote Sensing Training Program


https://hcis-journal.springeropen.com/articles/10.1186/s13673-020-00215-z

Airborne Visible/Infrared Imaging Specirometer (AVIRIS)

Hemlock health
monitoring in Caftskill

State Park using AVRIS
iImagery from July 2001

Hemlocks in this region
are prone to elongate
hemlock scale, Fiorinia
externa Ferris, which
can result in branch
dieback and tree
mortality.

Image Credit: Hanavan et al, 2015
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COral Reef Airborne Laboratory (CORAL)

.-. . NASA’s Applied Remote Sensing Training Program

Airborne mission flown using the Portable Remote Imaging

Spectrometer (PRISM) to evaluate health and conditions of coral
reef ecosystems

Date Range: 2016-2019
Spectral Resolution: 349.9-1063.5 nm (3.5 nm sampling)

ccccc
aaaaa

Image

Credit:

NASA



https://airbornescience.jpl.nasa.gov/campaign/coral

COral Reef Airborne Laboratory (CORAL)
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Six sub-campaigns near the Mariana Islands, Palau,
portions of the Great Barrier Reef, and the Hawaiian
Islands (top). CORAL image and classification (right)

from the French Frigate Shoals in northwestern Hawaii.
Image Credit: NASA
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https://coral.jpl.nasa.gov/animations-graphics

Additional Hyperspectral Missions

Insfrument TianGong-1 PRISMA HISUI EnMAP SHALOM HypXIM
Organization Chinese Italian Japanese German Italy-Israel France
Academy Space ministry of GFZ-DLR Space Space
of Science Agency Economy, agencies Agency
and Physics (ASI) Trade, and (ASI-ISA) (CNES)
Industry
Date Range 2011-2013 2020- 2021 2021 2022 2021/2022
Present
Spectral 400-2500 nm | 400-2500 400-2500 420-2450 400-2500 400-2500
Range nm nm nm nm nm
Spectral 128 249 185 244 275 210
Bands
Spatial 10-20 m 30m 30m 30m 10m 10m
Resolution
Objective Land Natural Energy, Earth Land and Soil, urban,
imaging in resources | vegetation | observation ocean coastal
China and monitoring observation | applications
atmospher
e

.-. . NASA’s Applied Remote Sensing Training Program
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Future NASA Hyperspeciral Satellite Initiatives

* Plankion, Aerosol, Cloud, and Ocean Ecosystem (PACE)
— QObservations of the global oceans, atmosphere, and terrestrial ecosystems

— Ultraviolet through the visible and into the shortwave infrared region of the
electromagnetic spectrum, specifically from 340-890 nm sampled at every 2.5 nm
with 5 nm resolution

 Surface Biology and Geology (SBG)
— Applications across a variety of focus areas

— Precursor to SBG: Hyperspectral Infrared Imager (HysplIRI) mission concept activity
(2007-2018)

— Imaging spectrometer measuring from the visible to short wave infrared
(VSWIR: 380 nm - 2500 nm) in 10 nm contiguous bands
* Geosynchronous Littoral Imaging and Monitoring Radiometer (GLIMR)

— Observations of ocean biology, chemistry, and ecology in the Gulf of Mexico,
portions of the Southeastern US coastline, and the Amazon River plume

— Hyperspectral ocean color radiometer

NASA's Applied Remote Sensing Training Program 32 @



Plankton, Aerosol, Cloud, and Ocean Ecosystem (PACE) P?\CE
[ %

https://pace.gsfc.nasa.gov/

* PACEIis NASA's next greatf investment in
hyperspectral earth imagery and multi-angle
polarimetry.

— Launch Date: 2023
— 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: 1-km? at nadir

* Two Multi-Angle Polarimeters

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

=
HARP-2 /'

— SPEXone: Narrow swath, hyperspectral (UV- SPEXone
NIR), 5 viewing angles

NASA’s Applied Remote Sensing Training Program


https://pace.gsfc.nasa.gov/

PACE Applications Program P)/(\CE
gV

Air Quality Water Resources Disasters

Ecological Forecasting Climate
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Surface Biology and Geology (SBG) Mission

hitps://sbg.jpl.nasa.gov/

* In development via guidance from the 2018 Decadal Survey

e Potential Parameters:
— Visible to Shortwave Infrared Bands:

* Spectral Range: 350 or 400 to 2500
nanometers

 Spectral Resolution: 10 nm or better
* Global with 2- tolé6-day revisit times
— Thermal Bands:

 Spectral Range: 8000 to12000 or
3000 to 5000 nanometers

e Spectral Resolution: Greater than 5
bands

 Global with 1-to 70-day revisit times

.-. . NASA’s Applied Remote Sensing Training Program

Mount Kilimanjaro Image Credit: JPL SBG



http://sites.nationalacademies.org/DEPS/ESAS2017/index.htm
about:blank
https://sbg.jpl.nasa.gov/

SBG Mission

SBG provides data for many focus areas ...

Ecosystems Agriculture Coastal Zones
A EP

0.6

Snow and Ice

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

VSWIR Minerals TIR
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SBG Potential Applications; Image Credit: JPL SBG



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

SBG Mission

- Getinvolved with SBG! hitps://sbg.jpl.nasa.gov/news-events

Thomas Fire; Image Credit: JPL SBG

N\ AN
. 2 .
Ll P~ =

Larsen-C Ice Shelf; Image Credit: JPL SBG
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Assessing & Processing Hyperspectral Dato




Hyperspectral Data Access

ZUSGS

science for a changing world

available on websites you may ...

already be familiar with. Search Crieria | Data Sets | Actional Crteria | [l

_ U S GS EG rT h EXD | O re r zllf-yasues:::::i Ejestl:::ignne data set to search, use the
- USGS GloVis P hindmslerrivim et
— NASA EarthData
Show Result Controls h
- Gooqle EGI’Th Enqlne Data Set Click here to export your results » [_t‘
| EO-1 Hyperion v

Next> Last»
Displaying 1 - 100 of 83,135
(Restore Excluded Scenes)

Entity ID: EO1H0250282017071110K2_5G1_01
- Acquisition Date: 2017-03-12 00:00:00-06
Target Path: 25

Target Row: 28
Coordinates: 45.99358 , -90.248848
$ddi/ e

EarthExplorer User Interface; Image Credit: USGS
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https://earthexplorer.usgs.gov/
https://glovis.usgs.gov/app?fullscreen=1
https://search.earthdata.nasa.gov/search?q=hyperspectral
https://developers.google.com/earth-engine/datasets/catalog/EO1_HYPERION
https://earthexplorer.usgs.gov/

Hyperspectral Data Access

« Data are also available
through the NASA Distributed
Active Archive Centers
(DAAC:S).

— Datais separated by LP DAAC

O p p | i C O 'l'i O n O re O S U C h O S The Land Processes Distributed Active Archive Center (LP DAAC) is one of several discipline-
! specific data centers within the NASA Earth Observing System Data and Information System
I_O n d P rO C eSS eS O ﬂ d (EOSDIS). The LP DAAC is located at the USGS Earth Resources Observation and Science

(EROS) Center in Sioux Falls, South Dakota.

Ocean Biology.

— You can find AVIRIS, S
HICO, CORAL and other
hyperspectral datasets
through the online
resources of DAACS. image Credi: USGS

.-. . NASA’s Applied Remote Sensing Training Program



https://lpdaac.usgs.gov/
https://oceandata.sci.gsfc.nasa.gov/
https://lpdaac.usgs.gov/

Data Availability Considerations

Satellite Test Mission Data

— Data access might be
imited to specific
geographic region.

— Raw data may need to be
processed by a NASA
scientist.

— Contact with mission or
program scientists may be
necessary to access
appropriately pre-processed
data for your region.

NASA’s Applied Remote Sensing Training Program

Airborne Data

Limited to flight paths set by
mission objectives.

Temporal resolution is often
seasonal or yearly.

Campaigns can be limited to
just a few years or a single
test mission.

Many research flights were
grounded in 2020 due to
COVID.




Hyperspectral Data Processing

 Datais available at different
processing levels depending on
the sensor.

— Level 1: Radiance
— Level 2: Surface Reflectance

 Atmospheric correction must be
applied.

« Dimensionality Reduction
Techniques:

— Principal Component Analysis
(PCA)

— Minimum Noise Fraction (MNF)

* Processing and analysis can be
conduc’red iN:
ArcGlIS
— QGIS
— ENVI
— Erdas Imagine
— Google Earth Engine
— R
— Python

.-. . NASA’s Applied Remote Sensing Training Program
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False color composites (FCCs) of Landsat and Hyperion data.
Hyperspectral data provides many possibilities and combinations of
FCCs as illustrated here for a few combinations using some of the

Hyperion bands. Image Credit: USGS .
42



https://www.usgs.gov/media/images/earth-observing-1-eo-1-hyperion-hyperspectral-data-0
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Data Processing Considerations

+ Large data files No}i{se ReductiorllI glasiiﬁ(?tion
— 100-250 bands 1uwerspejtra magery . p.p ication

— Increased storage and ot il

processing power
needed

« Bands may display similar
reflectance properties/high
correlation among bands

— May be difficult to
determine which bands
are most appropriate for
the specific application

« May be low signal to noise
ratios

&8 e AT ol 2 BT B0

e

Before & After
Denoising

Noise reduction in hyperspectral imagery. Image Credit: Rasti et al., 2018
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https://www.mdpi.com/2072-4292/10/3/482

Summary

Hyperspectral Data: Generally, hundreds of contiguous spectral bands
such that a radiant spectrum can be derived for each pixel.

— Measuring reflectance at close intervals on the electromagnetic
spectrum

— Bands are usually spaced 10 nm or less from one another
Multiple satellite and airborne sensors (Hyperion, AVIRIS, etc.)

Data Considerations:

— Benefits: Ability to differentiate different vegetation types, minerals,
drought indicators, etc.

— Limitations: Large datasets, potential for low signal to noise ratio,
regional not global

Next Two Sessions: Applications of Hyperspectral Data for Land and
Coastal/Ocean Systems

NASA’s Applied Remote Sensing Training Program




Thank Youl!
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