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Course Structure and Information

Å Four, 1.5-hour sessions on March 27, 29 & April 3, 5
ï 11:00 am - 12:30 pm EDT (UTC-4:00)

Å Each session will feature a lecture and a Q&A 
session where instructors will be online to answer 
questions. 

Å Webinar recordings and PowerPoint presentations 
can be found after each session at: 
https://appliedsciences.nasa.gov/join -
mission/training/english/arset -biodiversity -
applications -airborne -imaging -systems

Å For additional questions please email:
ï Juan L. Torres-Pérez (juan.l.torresperez@nasa.gov ) 

ï Amber McCullum ( amberjean.mccullum@nasa.gov ) 

ï Britnay Beaudry ( britnay.beaudry@nasa.gov )

ï Sativa Cruz ( sativa.cruz@nasa.gov )

https://appliedsciences.nasa.gov/join-mission/training/english/arset-biodiversity-applications-airborne-imaging-systems
mailto:juan.l.torresperez@nasa.gov
mailto:amberjean.mccullum@nasa.gov
mailto:britnay.beaudry@nasa.gov
mailto:sativa.cruz@nasa.gov
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Prerequisites

Å Prerequisites:

ï Fundamentals of Remote Sensing

ï Hyperspectral Data for Land and 

Coastal Systems

ï or equivalent experience

https://appliedsciences.nasa.gov/join-mission/training/english/fundamentals-remote-sensing
https://appliedsciences.nasa.gov/join-mission/training/english/arset-hyperspectral-data-land-and-coastal-systems
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Homework and Certificates

Å Homework:

ï One homework assignment (available at the end of session four of this webinar 

series)

ï Answers must be submitted via Google Forms

ï HW deadline: April 19th

Å Certificate of Completion: 

ï Attend all four live webinars

ï Complete the homework assignment by the deadline (access from ARSET 

website)

ï You will receive certificates approximately two months after the completion of 

the course from: marines.martins@ssaihq.com

mailto:marines.martins@ssaihq.com
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Course Outline

Part 1: 

Overview of 

hyperspectral 

VSWIR imaging 

spectroscopy 

data

Part 2: Using 

thermal and 

lidar data from 

airborne 

campaigns

Part 3: 

Monitoring 

terrestrial 

systems using 

airborne 

campaigns

Part 4: 

Monitoring 

aquatic 

systems using 

airborne 

campaigns
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Learning Objectives

By the end of this training attendees will be able to:

Å Understand the applications of hyperspectral data, multispectral data, and 

LiDAR data for biodiversity monitoring and analysis

Å Compare case studies that have used these datasets in preparation for 

upcoming NASA satellite missions and airborne campaigns

Source: NASA JPL

https://microdevices.jpl.nasa.gov/capabilities/imaging-spectroscopy/


Part 1 Review: Overview of Airborne 

Hyperspectral VSWIR Instruments
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Part 1 Review: Airborne Visible InfraRed Imaging Spectrometer -

Next Generation (AVIRIS -NG)

ÅVSWIR spectrometer

ÅActive since 2009

ÅFlown in North America, Europe, 

and India

Å481 contiguous spectral bands

ÅSpectral coverage: 380 to 2510 nm

ÅSpectral resolution: 5 nm

ÅSpatial resolution:  2 - 6 m

ÅData products: Level 1B and L2
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Part 1 Review: Portable Remote Imaging SpectroMeter (PRISM)

ÅVSWIR spectrometer

ÅActive since 2012

Å Flown in Western United States, 

South America, and the Southern 

Ocean

Å 256 contiguous spectral bands 

and 2 SWIR bands: 1240 and 1610 

nm

ÅSpectral coverage: 350 -1050 nm

ÅSpectral resolution: 3.5 nm

ÅSpatial resolution: 0.3 to 16 m

ÅData products: Level 1B and L2

Distributions of turbidity, and dissolved organic carbon (DOC) and 

chlorophyll-a concentrations in the San Francisco BayīDelta Estuary.

Source: Fichot et al., 2016.

https://pubs.acs.org/doi/10.1021/acs.est.5b03518
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Part 2 Agenda

Å Overview of thermal and LiDAR data for 

characterizing the structure and function of 

ecosystems using airborne campaigns

Å Highlight of thermal and LiDAR missions such 

as the Hyperspectral Thermal Emission 

Spectrometer (HyTES) and NASA's Land, 

Vegetation, and Ice Sensor (LVIS)

Å Highlight of the upcoming NASA Biodiversity 

field campaign in the Greater Cape Floristic 

Region of South Africa (BioSCape)

Å Q&A Session
Source: NASA GSFC

https://lvis.gsfc.nasa.gov/images/misc/CloudswZoom_Large.png


Overview of Thermal and LiDAR Data
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Light Detection and Ranging (LiDAR)

Source: NOAA Ocean Service

Source: NASA GSFC

https://oceanservice.noaa.gov/facts/lidar.html
https://lvis.gsfc.nasa.gov/Home/instrumentdetails.html
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Using LiDAR to monitor elevation

Source: NASA GSFC

https://lvis.gsfc.nasa.gov/Education/images_home.html


14NASAõs Applied Remote Sensing Training Program

Thermal Infrared (TIR)

8 -15 ȋm (8000 - 15000 nm) in the electromagnetic spectrum

Source: NASA Science

https://science.nasa.gov/ems/07_infraredwaves
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Using TIR to monitor thermal differences

Source: NASA JPL

Source: NASA JPL

Source: NASA JPL

https://www.jpl.nasa.gov/images/pia19727-urban-methane-point-sources-detected-by-tiered-system-of-remote-sensing-observations
https://microdevices.jpl.nasa.gov/capabilities/optical-components/hytes/
https://hytes.jpl.nasa.gov/downloads/HyTES_L3_Data_Guide_gch_nv_kl-1-gch-sjhv1.pdf


Aerial Thermal and LiDAR Missions
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AVIRIS -NG

PRISM

480 Bands 256 Bands

246 Bands

Wavelength (nm)

HyTES

UV VIS NIR SWIR TIR

Adapted from: Wilson, A., Hestir, E., Slingsby, J., Cardoso, A. (2022). Biodiversity Survey of the Cape (BioSCape).
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Hyperspectral Thermal Emission Spectrometer (HyTES)

ÅObjective: To provide precursor 

high spectral and spatial 

resolution thermal infrared data 

to determine the optimum band 

positions for the TIR instrument 

on HyspIRI.

Å Flown on Twin Otter and ER2 

aircraft

Å Flown in United States and 

Europe

ÅActive since 2012

Source: NASA JPL

Source: NASA JPL

Source: NASA ESTO

https://hytes.jpl.nasa.gov/instrument
https://hytes.jpl.nasa.gov/2021-campaign-status
https://esto.nasa.gov/hyperspectral-thermal-emission-spectrometer-hytes/
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Hyperspectral Thermal Emission Spectrometer (HyTES)

Å 256 spectral bands

Å Spectral range: 7.5 -12  ȋm

ÅSpectral resolution: 4.5ȋm (17 nm)

Å Spatial resolution: 

ï 3.41m at 2,000 m AGL

ï 34.13m 20,000 m AGL
Source: NASA JPL

https://hytes.jpl.nasa.gov/order/list-data-level2_l3
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HyTES Data Products

Å Level 1a - Calibrated but 

not geocoded Level 1 

Brightness Temperature at 

Sensor

Å Level 1b - Calibrated and 

geolocated Level 1 

Brightness Temperature at 

Sensor

Å Level 2 - Temperature and 

Emissivity (geolocated)

Å Level 3 - Multi -species gas 

products (geolocated) CH4, 

H2S, NH3, S02, N02

Source: NASA JPL

https://hytes.jpl.nasa.gov/order/list-data-level2_l3
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Accessing and Using HyTES Data

ÅWebsite provides guides for:

ï HyTES File Description/Naming 

Information

ï L3 Data Product User Guide

ï Creating a GLT in ENVI user 

guide

Å 2013 - 2022 data is available to 

download from HyTES Data Portal

ï Filter by month and year

Å Data types:

ï .dat

ï .png

ï .hdf5

ï .kmz

Source: NASA JPL

https://hytes.jpl.nasa.gov/order
https://hytes.jpl.nasa.gov/order
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Upcoming HyTES Deployments

2022 WDTS Campaign:

Å August 8 -15th - install on ER2
Å September 1 -16th - campaign on ER2

2022 G5 checkout campaign:

Å November 14th -18th - install on GV
Å November 21st -25th - test flights on GV

2023 European campaign:

Å Mid April - May

2023 Bioscape campaign

Å Mid October - November

Source: Kingõs College London

Source: NASA JPL

https://wildfire.geog.kcl.ac.uk/airborne-and-uav/
https://www.jpl.nasa.gov/news/nasa-usgs-map-minerals-to-understand-earth-makeup-climate-change
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HyTES Biodiversity Applications

Image top left: Surface temperature (left) and NH3 

(right) over a cattle feedlot in Kern County, near 

Bakersfield, CA, USA.

Image Top right: Surface temperature and NH3 over 

the power plant facility in the City of El Segundo, 

located in Los Angeles County, CA, USA.

Image bottom: Surface temperature and NH3 

enhancements over the Gulch fire in Arizona. 

Source: Kuai et al., 2019.

https://ieeexplore.ieee.org/document/8745674#full-text-header


24NASAõs Applied Remote Sensing Training Program

HyTES Biodiversity Applications

Source: Meerdink et al., 2019.

2014 and 2016 canopy LST distributions for 24 plant species within the 
botanical garden.

https://www.sciencedirect.com/science/article/pii/S0034425719300641
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Land, Vegetation, and Ice Sensor (LVIS)

ÅObjective: To provide elevation and 

surface structure measurements.

ÅLVIS has flown on 12 different types of 

aircraft.

ÅFlown in the Arctic (Greenland, 

Alaska, and Canada), the Antarctic, 

the continental United States, Africa, 

and Costa Rica

ÅActive since 1998

Source: NASA GSFC

https://lvis.gsfc.nasa.gov/Data/Crane.html
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Land, Vegetation, and Ice Sensor (LVIS)

Å 1064 nm laser and 3 detectors

ÅOperates at altitudes up to 20 km 

Å Scan angle of ~12 degrees and 

can cover 2 km swaths of surface 

from an altitude of 10 km

Source: NASA GSFC

https://lvis.gsfc.nasa.gov/Home/index.html
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LVIS Data Products

ÅProducts levels include  Level -1A, 

Level -1B, and Level -2A.

Å The Level-1B data files contain 

the geolocated laser waveform 

data for each laser footprint. 

Å The Level-2A data files contain 

canopy top and ground 

elevations and relative heights 

derived from the Level -1 data.
Source: NASA GSFC

https://lvis.gsfc.nasa.gov/Data/DataStructure.html
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Accessing and Using LVIS Data

Å 2006 - 2021 data is available to 

download from the LVIS Data 

Portal

Å Data types:

ï .HDF5

ï ASCII

ï JPG

ï .PDF

ï .kmz

ï .shp

Å LVIS website has a data use 

section, a FAQ section, and a 

tutorial for LVIS data products 

from all levels.

Source: NASA GSFC

https://lvis.gsfc.nasa.gov/Data/GE.html
https://lvis.gsfc.nasa.gov/Data/GE.html
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Previous LVIS Campaigns

Since 1998, LVIS has flown in several regions around the world, including:

Å Africa

Å Alaska

Å Antarctica

Å Canada

Å Costa Rica

Å French Guiana

Å Greenland

Å United States

Source: NASA GSFC

Source: NASA GSFC

https://lvis.gsfc.nasa.gov/Data/GE.html
https://lvis.gsfc.nasa.gov/Home/Platforms.html
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Upcoming LVIS Deployments

ÅLVIS will be flying for 

BioSCape from late 

October through 

December 2023.

ÅYou can see all their 

upcoming 

campaigns on the 

LVIS website.
Source: NASA GSFC

https://lvis.gsfc.nasa.gov/Home/index.html
https://lvis.gsfc.nasa.gov/Home/index.html
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LVIS Biodiversity Applications

Source: J. ArmstonSource: Fatoyinbo, et al., 2021.

https://daac.ornl.gov/AFRISAR/guides/Afrisar_LVIS_Biomass_VProfiles.html#references
https://ntrs.nasa.gov/api/citations/20210016637/downloads/1-s2.0-S0034425721002534-main.pdf
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LVIS Biodiversity Applications

Source: Xiaolu, Li et al., 2016

Source: NASA GSFC

Source: NASA GSFC

https://iopscience.iop.org/article/10.1088/0957-0233/27/12/125012
https://lvis.gsfc.nasa.gov/Home/index.html
https://nsidc.org/data/lvis
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Goddard's LiDAR, Hyperspectral & Thermal Imager (G -LiHT)

ÅObjective: To provide 

simultaneous measurements of 

vegetation structure, foliar 

spectra and surface. 

temperatures at very high 
spatial resolution ( Ḑ1 m) on a 

wide range of airborne 

platforms.

Å Flown in US and Mexico

ÅCessna, Piper, Twin Otter; 12/28 

VDC aircraft compatibility

ÅActive since 2011

Source: NASA GSFC

https://gliht.gsfc.nasa.gov/
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Goddard's LiDAR, Hyperspectral & Thermal Imager (G -LiHT)

Å LiDAR:
ï NIR 1550 nm Laser
ï Point Density up to 12 pt/m2

Å VNIR Imaging
ï Micro -Hyperspec E -Series
Å Up to 375 spectral bands w/o 

binning
Å Spectral range: 400nm -1000nm 

sampled at 1.6nm w/o binning
Å Spectral resolution: 5nm

ï FIREFLY
Å 2160 spectral bands
Å Spectral range: 670nm -780nm 

sampled at 0.05nm
Å Spectral resolution: Ò 0.18nm

Å Broad Band Thermal Imaging
ï Spectral Band 8 to 15 µm

Å High Resolution Aerial Photos
ï Ground Sampling Distance: 4cmSource: NASA GSFC

https://gliht.gsfc.nasa.gov/index.php?section=50
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G-LiHT Products Levels
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Accessing and Using G -LiHT Data

Å 2011 - 2021 data is available to 
download from the G-LiHT Data 
Center Webmap .

Å Data can also be downloaded from 
the Land Processes Distributed Active 
Archive Center (LP DAAC) .

Å Data Types:
ï AGL
ï KML
ï GeoTIFF
ï ASCII
ï ENVI
ï ASPRS LAS 1.1

Å G-LiHT website has links and 
instructions for various software tools 
compatible with G -LiHT data.

Å LP DAAC also has a FAQ page for G -
LiHT data.

Source: NASA GSFC

https://glihtdata.gsfc.nasa.gov/
https://lpdaac.usgs.gov/search/?query=G-LiHT&content_types=Data+Products&view=cards&sort=relevance
https://gliht.gsfc.nasa.gov/index.php?section=34
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Comparing Airborne Systems: Specifications

HyTES

Å Active since 2012

Å TIR

Å 256 spectral bands

Å Spectral coverage: 7.5 -

12  ȋm

Å Spectral resolution: 

4.5ȋm (17 nm)

Å Spatial resolution: 

ï 3.41m at 2,000 m 

AGL

ï 34.13m 20,000 m 

AGL

G-LiHT
Å Active since 2011
Å LiDAR

ï NIR 1550 nm Laser
ï Point Density up to 12 pt/m2

Å VNIR
ï Micro -Hyperspec E -Series

Å Up to 375 spectral bands 
w/o binning

Å Spectral range: 400nm -
1000nm sampled at 1.6nm 
w/o binning

Å Spectral resolution: 5nm
ï FIREFLY

Å 2160 spectral bands
Å Spectral range: 670nm -

780nm sampled at 0.05nm
Å Spectral resolution: Ò 

0.18nm
Å Broad Band Thermal

ï Spectral Band 8 to 15 µm
Å High Resolution Aerial Photos

ï Ground Sampling Distance: 4cm

LVIS

Å Active since 1998

Å LiDAR

Å 1064 nm laser and 3 

detectors

Å Operates at altitudes 

up to 20 km 

Å Scan angle of ~12 

degrees and can cover 

2 km swaths of surface 

from an altitude of 10 

km
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Comparing Airborne Systems: Access and Use

HyTES

ÅData Access:

ïData portal

ï 2013 - 2022

ÅData products:

Level 1a, L1b, L2, L3

ÅData types:

ï .dat

ï .png

ï .hdf5

ï .kmz

G-LiHT

ÅData access:
ïData portal
ï 2011 - 2021

ÅData products
ï L1, L2, L3

ÅData types:
ïAGL
ïKML
ïGeoTIFF
ïASCII
ïENVI
ïASPRS LAS 1.1

LVIS

ÅData Access:

ïData portal

ï 2014 - 2021

ÅData products: 

Level 1B, L2

ÅData types:

ï .KML

ï .JPEG

ï .dat

ïASCII



Source: NASA Earthdata

https://www.earthdata.nasa.gov/news/eosdis-daacs-celebrate-milestones-service-global-data-users


Guest Speaker: Adam Wilson, BioSCape



National Aeronautics and Space Administration

Case Study: BioSCape - A Field Campaign in South Africa 

March 27, 2023

Biodiversity Applications for Airborne

Imaging Systems



42NASAõs Applied Remote Sensing Training Program

Å Technology is advancing.

ï LiDAR and Imaging Spectroscopy 

from space 

Å Biodiversity Conservation Challenges: 

ï Human Development Pressure 

ï 6th Mass Extinction

Å The time is right for a biodiversity -

focused airborne campaign.

An Exciting Time for Remote Sensing and Biodiversity
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Å Technology is advancing. 

ï LiDAR and Imaging Spectroscopy 

from space 

Å Biodiversity Conservation Challenges: 

ï Human Development Pressure 

ï 6th Mass Extinction

Å The time is right for a biodiversity -

focused airborne campaign . 

An Exciting Time for Remote Sensing and Biodiversity

What is an 

òairborne 

campaignó?
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Integrating Field and Remotely Sensed Observations

òInclusive integration of remote 

sensing with field -based ecology 

and evolution is needed to fully 

understand and preserve Earthõs 

biodiversity.ó

Cavender -Bares et al., 2022, Nat Ecol Evol

Turner, 2014, Science


