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Course Structure and Information

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

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

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

« For additional questions please email:
— Juan L. Torres-Pérez (juan.l.torresperez@nasa.gov)
—  Amber McCullum (amberjean.mccullum@nasa.gov)
— Brithay Beaudry (britnay.beaudry@nasa.gov)
— Sativa Cruz (safiva.cruz@nasa.gov)

NASA’s Applied Remote Sensing Training Program

Intermediate ARSET Webinar:

Biodiversity Applications for
Airborne Imaging Systems
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Prerequisites

. Prerequisites: O s, Q
— Fundamentals of Remote Sensing

— Hyperspectral Data for Land and
Coastal Systems

— or equivalent experience

TRAINING

Fundamentals of Remote Sensing

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

ARSET - Hyperspectral Data for Land and
Coastal Systems

HOME / JOIN THE MISSION / TRAINING

NASA’s Applied Remote Sensing Training Program


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

Homework and Certificates

« Homework:

— One homework assignment (available at the end of session four of this webinar
series)

— Answers must be submitted via Google Forms
— HW deadline: April 19th

« Certificate of Completion:
— Aftend all four live webinars

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

— You will receive certificates approximately two months after the completion of
the course from: marines.marfins@ssaihg.com

h NASA's Applied Remote Sensing Training Program 4 .
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Learning Objectives

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

« Understand the applications of hyperspectral data, multispectral data, and
LIDAR data for biodiversity monitoring and analysis
« Compare case studies that have used these datasets in preparation for

upcoming NASA satellite missions and airborne campaigns

Source: NASA JPL

NASA’s Applied Remote Sensing Training Program



https://microdevices.jpl.nasa.gov/capabilities/imaging-spectroscopy/
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Part 1 Review: Overview of Airborne
Hyperspectral VSWIR Instruments




Part 1 Review: Airborne Visible InfraRed Imaging Spectrometer -
Next Generation (AVIRIS-NG)

.

 VSWIR spectrometer

* Active since 2009

« Flown in North America, Europe,
and India N

481 contiguous spectral bands =

« Spectral coverage: 380 to 2510 nm

« Spectral resolution: 5 nm

« Spatial resolution: 2-6m

« Data products: Level 1B and L2

h NASA's Applied Remote Sensing Training Program




Part 1 Review: Portable Remote Imaging SpeciroMeter (PRISM)

Dissolved

Remote-sensing Turbidity Organic Carbon Chlorophyll-a

Reflectance

¢ |

e

7

Distributions of turbidity, and dissolved organic carbon (DOC) and
chlorophyll-a concentrations in the San Francisco Bay-Delta Estuary.
Source: Fichot et al., 2016.

NASA's Applied Remote Sensing Training Program

VSWIR spectrometer

Active since 2012

Flown in Western United Staftes,
South America, and the Southern
Ocean

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
Data products: Level 1B and L2

9.


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

Part 2 Agenda

Overview of thermal and LIDAR data for
characterizing the structure and function of
ecosystems using airborne campaigns

Highlight of thermal and LIDAR missions such
as the Hyperspectral Thermal Emission
Spectrometer (HYTES) and NASA's Land,
Vegetation, and Ice Sensor (LVIS)

Highlight of the upcoming NASA Biodiversity
field campaign in the Greater Cape Floristic
Region of South Africa (BioSCape)

Q&A Session

h NASA's Applied Remote Sensing Training Program
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Overview of Thermal and LIDAR Data




Light Detection and Ranging (LIDAR)

10 km

Canopy Top
’
Reflection I\

|
|
|
i . Laser Pulse
|
Y

Laser Travel Time

. Ground A
—» Reflection
Reflected Laser Energy

Source: NOAA Ocean Service

Source: NASA GSFC

NASA's Applied Remote Sensing Training Program 12



https://oceanservice.noaa.gov/facts/lidar.html
https://lvis.gsfc.nasa.gov/Home/instrumentdetails.html

Using LIDAR to monitor elevation

NASA's Applied Remote Sensing Training Program

Source: NASA GSFC
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https://lvis.gsfc.nasa.gov/Education/images_home.html

Thermal Infrared (TIR)

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

Infrared Region of the Electromagnetic Spectrum '/ Diameter of a Human Hair

/'\_/\/\

15ym  THERMAL 8pm MID 3pm NEAR 0.7 pm

Source: NASA Science

gamma ray ultraviolet infrared radio
- | —H ' | -
X-ray visible microwave
|2
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NASA’s Applied Remote Sensing Training Program



https://science.nasa.gov/ems/07_infraredwaves

Using TIR o monitor thermal differences
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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




UV VIS IR SWIR TIR

AVIRIS-NG I Hy Tes
PRISM . Il L —

/\
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Adapted from: Wilson, A., Hestir, E., Slingsby, J., Cardoso, A. (2022). Biodiversity Survey of the Cape (BioSCape).

NASA's Applied Remote Sensing Training Program 17 .



Hyperspectral Thermal Emission Spectrometer (HyTES)

« Objective: To provide precursor
high spectral and spatial e
resolution thermal infrared data ' S
to determine the optimum band
positions for the TIR instrument
on HysplIRI.

 Flown on Twin Otfter and ER2
aircraft

 Flown in United States and
Europe

« Active since 2012

Source: NASA ESTO

NASA’s Applied Remote Sensing Training Program

Source: NASA JPL

Source: NASA JPL

18


https://hytes.jpl.nasa.gov/instrument
https://hytes.jpl.nasa.gov/2021-campaign-status
https://esto.nasa.gov/hyperspectral-thermal-emission-spectrometer-hytes/

Hyperspecitral Thermal Emission Spectrometer (HyTES)

.

256 spectral bands

Vertical slice

Spectralrange: 7.5-12 um

Spectral resolution: 4.5um (17 nm)

Spatial resolution:

s 4 l
110 .y :
10 11 12 13 14 15 16 17
Radiance (W ¥ Sr um)

— 3.41m at 2,000 m AGL

— 34.13m 20,000 m AGL

Source: NASA JPL

h NASA's Applied Remote Sensing Training Program



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

HyTES Data Products

 Level 1a - Calibrated but
not geocoded Level |
Brightness Temperature af
Sensor

 Level 1b - Calibrated and
geolocated Level 1
Brightness Temperature aft
Sensor

 Level 2 - Temperature and
Emissivity (geolocated)

« Level 3 - Multi-species gas
products (geolocated) CH4,
H2S, NH3, SO02, NO2

305

LST (K)

300

295

290

285

280

Source: NASA JPL

NASA's Applied Remote Sensing Training Program


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

Accessing and Using HyTES Data

« 2013 -2022 datais available to « Website provides guides for:
download from HyTES Data Portdl — HyTES File Description/Naming
— Filter by month and year Information

« Data types: — L3 Data Product User Guide

— .dat — Creating a GLT in ENVI user
— .pNng guide
— .hdf5

Order Data
— .kmz

Filter by Year Filter by Month: | Al v | View Cart Checkaur | Campaign Summaries

Flease note: The order page 15 undergoing updates and at trmes some hnks will not funcbion properly. All updates are should be completed by this week or early
Aext week. Thank you far your patence

Acquisition Location Data Froducts Planned Start Planned Stop

Date {Eowne and Onder) L1a L1k T L1 | Lavtudelongitude | LatitudeLongitude S
20220327 | SanBernarding CA - o il a
LosAngeles LA > w W o

2022-03-24 | Imgerial CA, SanBemarding CA » v y v 3321 .115.74 Twin Citter
W W il il

S0E2-03-23 | FConception CA, SantaBarbara CA, Ventura LA 2453, 12019 3459 12028 Twwin Cittar
NASA's Applied Remote Sensing Training Program Source: NASA JPL 2]



https://hytes.jpl.nasa.gov/order
https://hytes.jpl.nasa.gov/order

Upcoming HyTES Deployments

2022 WDTS Campaign:

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

2022 G5 checkout campaign:

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

2023 European campaign:
*  Mid April - May

2023 Bioscape campaign
« Mid October - November

Source: NASA JPL

NASA's Applied Remote Sensing Training Program


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

HyTES Biodiversity Applications
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Image top left: Surface temperature (left) and NH3

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

2 Bakersfield, CA, USA.

E 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.

36.82 36.82 Source: Kuai et al., 2019.
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https://ieeexplore.ieee.org/document/8745674#full-text-header

HyTES Biodiversity Applications

Huntington Botanical Garden
San Marino, Calrforma USA
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High Resolution RGB Image

— KM

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

botanical garden.

24



https://www.sciencedirect.com/science/article/pii/S0034425719300641

Land, Vegetation, and Ice Sensor (LVIS)

« Objective: To provide elevation and
surface structure measurements.

1320

« LVIS has flown on 12 different types of .. 1
aircraft. 0 S

* Flown in the Arctic (Greenland, 1200 4
Alaska, and Canada), the Antarctic,
the continental United States, Africa,
and Costa Rica -

e Active since 1998 1160

1140

1120

» . [ B
) . 4 :
Y 1 3
b, "0\ P fon )Y
. \ ¥
’ e AN
AR Lo
() K
i 4

-2480 -2460 -2440 -2420 -2400 -2380 -2360 -2340
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https://lvis.gsfc.nasa.gov/Data/Crane.html

Land, Vegetation, and Ice Sensor (LVIS)

« 1064 nm laser and 3 detectors ,.J!!!’!!g;;!égﬂw

« QOperates at altitudes up to 20 km

« Scan angle of ~12 degrees and
can cover 2 km swaths of surface
from an altitude of 10 km

A, bl

Source: NASA GSFC

h NASA's Applied Remote Sensing Training Program 26 .


https://lvis.gsfc.nasa.gov/Home/index.html

LVIS Data Products

.

Overview of LVIS data products ¢ PrOdUCTS |eve|5 iﬂClUde Level_] A,

. ot Level-1B, and Level-2A.

3 -« The Level-1B data files contain
2 x 1 ; the geolocated laser waveform
g Geolocated return Normalized area under dOTO for eOCh |Oser fOOTprinT'
5 2 waveform = the waveform 3

| « The Level-2A data files contain
lowest detected return CO nopy Top Ond ground
s Ivis.gsfc.nasa.gov Ivis.gsfc hasa.gov

T = e elevations and relafive heights

Waveform Amplitude (counts) Normalized cumulative return energy (counts)

Source: NASA GSFC derived from The I—evel_] dOTO-

h NASA's Applied Remote Sensing Training Program 27 .



https://lvis.gsfc.nasa.gov/Data/DataStructure.html

Accessing and Using LVIS Data

« 2006 - 2021 data is available to
download from the LVIS Data
Portadl

« Data types:

— .HDF5
— ASCII
- JPG
— .PDF
— .kmz
— .shp

« LVIS website has a data use
section, a FAQ section, and @
tutorial for LVIS data products
from all levels.

NASA’s Applied Remote Sensing Training Program

Data Locations

Since 1998, LVIS has flown in several regions around the world including the Arctic (Greenland, Alaska, and Canada), the
Antarctic, the continental United States, Africa, and Costa Rica.

Below is a list of all of LVIS's missions organized by region with the most recent missions on top. Click a mission’s "Year” to view a
thumbnail containing all frajectories for that mission.

Greenland

LVIS has flown over Greenland numerous times between 2007 and 2017 for Operation IceBridge.

Canada and Alaska

LVIS has flown over Canada and Alaska in 2010, 2014, 2017, and 2019 for missions including ARISE, IceBridge, and ABoVE.
Africa

LVIS flew over Africa in 2016 for ATNSAR.

Antarctica

LVIS has flown over Antarctica several times between 2009 and 2015 for Operation IceBridge.

Mission Year Platform Data
lceBridge = Fall 2015  NSFINCAR G-V = View Data
IceBridge Fall2011  NSF/NCAR G-V | View Data

IceBridge = Fall 2010  DC-8 View Data

IceBridge = Fall 2009 DC-8 View Data
Al

United States

LVIS has extensive data from the United States.

Costa Rica and Panama

LVIS has flown over Costa Rica in 1998, 2005, and 2019. The 1998 deployment included a flight over Panama.
French Guiana

LVIS has flown over French Guiana in 2021.

Source: NASA GSFC 728



https://lvis.gsfc.nasa.gov/Data/GE.html
https://lvis.gsfc.nasa.gov/Data/GE.html

Previous LVIS Campaigns

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

o Africa

« Alaska
 Antarctica
« Canada

« Costa Rica
 French Guiana
« Greenland

« United States

NASA’s Applied Remote Sensing Training Program

Source: NASA GSFC
Aircraft

High altitude, long endurance
platforms for maximum coverage
and mission flexibility

Widely-deployed, high-availability,
lower-cost aircraft

Large, multi-instrument
platforms

NASA JSC Gulfstream V
NSF Gulfstream V

NASA LaRC Gulfstream llI
NASA LaRC HU-25 Guardian
NOAA Cessna Citation
NASA Global Hawk

NASA LaRC King Air B200
DOE King Air B200

Dynamic Aviation King Air B200
NASA P-3

NASA DC-8

NASA C-130

Install Dates
2019, 2021, 2022
2011, 2015

2022

2012

2003, 2005, 2006
2013

2011, 2013, 2016, 2018, 2019
2003, 2004, 2005, 2006, 2009
2004, 2017

2007, 2011, 2022

2010, 2011

1998, 1999, 2013, 2014

Source: NASA GSFC


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

Upcoming LVIS Deployments

LVIS Deployment Schedule

17 7 Monday, October 23,2023 ~

Monday, October 23, 2023
LVIS-F on JSC G-V for BioSCape
Tuesday, October 24, 2023
LVIS-F on JSC G-V for BioSCape
Wednesday, October 25, 2023
LVIS-F on JSC G-V for BioSCape
Thursday, October 26, 2023
LVIS-F on JSC G-V for BioSCape
Friday, October 27, 2023

LVIS-F on JSC G-V for BioSCape
Saturdav. October 28 2023

Source: NASA GSFC

h NASA's Applied Remote Sensing Training Program

Week Month Agenda

Fs

Bl Google Calendar

LVIS will be flying for
BioSCape from late
October through
December 2023.

You can see all their
upcoming
campaigns on the
LVIS website.

.



https://lvis.gsfc.nasa.gov/Home/index.html
https://lvis.gsfc.nasa.gov/Home/index.html

LVIS Biodiversity Applications

Source: Fatoyinbo, et al., 2021.
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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

LVIS Biodiversity Applications
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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

Goddard's LIDAR, Hyperspectral & Thermal Imager (G-LiHT)

« Objective: To provide
simultaneous measurements of
vegetation structure, foliar
spectra and surface.
temperatures at very high
spaftial resolution (~1 m) on a
wide range of airborne
platforms.

* Flown in US and Mexico

« Cessna, Piper, Twin Ofter; 12/28
VDC aircraft compatibility

« Active since 2011

RGB

Source: NASA GSFC

NASA’s Applied Remote Sensing Training Program



https://gliht.gsfc.nasa.gov/

.

Goddard's LIDAR, Hyperspectral & Thermal Imager (G-LiHT)

LIDAR:
— NIR 1550 nm Laser
— Point Density up to 12 pt/m?2
VNIR Imaging
— Micro-Hyperspec E-Series
« Up to 375 spectral bands w/o
binning
« Spectral range: 400nm-1000nm
sampled at 1.6nm w/o binning
« Spectral resolution: 5nm
— FIREFLY
« 2160 spectral bands
« Spectral range: 6/0nm-780nm
sampled at 0.05nm
« Spectral resolution: <0.18nm
Broad Band Thermal Imaging
— SpectralBand 8 to 15 um
« High Resolution Aerial Photos
Source: NASA GSFC — Ground Sampling Distance: 4cm

NASA's Applied Remote Sensing Training Program 34 .



https://gliht.gsfc.nasa.gov/index.php?section=50

G-LiHT Products Levels

Instrument

Oxford RT-4041 GPS-INS
250 Hz measurement rate

Riegl VQ-480 Scanning Lidar
1550 nm laser

discrete returns (=8 pulse=1)
150 kHz measurement rate

Headwall Hyperspec Imaging
Spectrometer

417 to 1,007 nm

402 bands, =5 nm FWHM
1,004 pixels per line

50 Hz measurement rate

Ocean Optics USB 4000 Irradiance
Spectrometer

cosine diffuser

2346 to 1,041 nm

1.5 nm FWHM

1 Hz measurement rate

Xenics Gobi 384 Thermal Camera
g1to 14 pym
25 Hz measurement rate

L1

Trajectory data (coordinates, roll, pitch, yaw)

Return data (coordinates, scan angle, return number,

apparent reflectance)

At-sensor radiance spectra
(W-m=2-sr-1-nm~1)

Solar irradiance spectra
(W-m=2-sr-1-nm-1)

Temperature data (°C)

NASA's Applied Remote Sensing Training Program

L2

» Aircraft elevation
* Aircraft altitude AGL
s (Geographic Look-Up Table (GLT)

» Classified return data (ground, non-
ground)
* AGL heights

» At-sensor reflectance computed with
observed irradiance

* Surface reflectance computed with
atmospheric correction

* Fluorescence [experimental]

* [ncoming PAR

* Cloudiness index

* Modeled solar zenith angle

» Modeled solar azimuth angle

» Atmospherically corrected surface
temperature

L3

= Aircraft elevation

« Aircraft altitude AGL
* View angle

« View azimuth

= LIiDAR returns (“point clouds™)
s DTM

= CHM

* LiIDAR metrics

» At-sensor reflectance computed

w/observed irradiance

« Surface reflectance computed

w/atmaospheric correction

« Commaon vegetation indices
s Fluorescence [experimental]

* [ncoming PAR

+ Cloudiness Index

* Nodeled solar zenith angle

» Modeled solar azimuth angle

« Atmospherically corrected surface

temperature

35




Accessing and Using G-LiHT Data

« 2011 -2021 datais available to
download from the G-LIHT Data
Center Webmap. . ASR Nt

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

. DCITCI Types:

AGL
— KML
— GeollFF
— ASCII
— ENVI
ASPRS LAS 1.1
. G LIHT welbsite has links and

il
[
el

s, Mitchellville

instructions for various software tools Sourcoe: NASA GSFC
compatible with G-LIHT data.

« LP DAAC also has a FAQ page for G-
LIHT data.

NASA's Applied Remote Sensing Training Program 36 .



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

e TERALESS OV

Comparing Airborne Sysiems:pecificaﬁons

HyTES LVIS G-LiHT |
« Active since 2012 « Active since 1998 . ﬁtf)KVR:::]C ;sc:r; aser
e TIR e LIDAR — Point Density up fo 12 pt/m2

256 spectral bands
Spectral coverage: 7.5 -

12

um

Spectral resolution:
4.5um (17 nm)
Spatial resolution:

3.41m at 2,000 m

1064 nm laser and 3
detectors

Operates at altitudes
up to 20 km

Scan angle of ~12
degrees and can cover
2 km swaths of surface

VNIR
—  Micro-Hyperspec E-Series
Up to 375 spectral bands
w/o binning
Spectral range: 400nm-
1000nm sampled at 1.6nm
w/o binning
« Spectral resolution: 5nm
—  FIREFLY
« 2160 spectral bands
Spectral range: 6/0nm-
780nm sampled at 0.05nm
Spectral resolution: <
0.18nm
Broad Band Thermal

AGL from an alfitude of 10 : hSRpecl’rrng_I Bo}g\\d 8 ITCF)W: STpm
— 34.13m 20,000 m km o G?ggrgjdl(ggmgrl}gg Di(s)’rg;ce%cm
AGL
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Comparing Airborne Systems: Access and Use

L)
. —
ol )
gl >
LI »
H T E e
JET PROPULSION LABOPA

 Data Access:
— Data portal
— 2013 - 2022

 Data products:

level 1qg, L1b, L2, L3

« Data types:
— .dat

— .png
— .hdf5
— .kmz

h NASA's Applied Remote Sensing Training Program

Data Access:

— Data portal
— 2014 - 2021

Level 1B, L2

Data types:
— KML

- JPEG

— .dat

— ASCI

Data products:

G-LiHT

 Data access:
— Data portal
— 2011 - 2021
« Data products
— L1, L2, L3
« Data types:
— AGL
— KML
— GeoTlFF
— ASCI
— ENVI
— ASPRS LAS 1.1

.



Alaska Satellite
Facility DAAC
SAR Products,
Sea Ice,

Polar Processes,
Geophysics

Land Processes
DAAC

Land Cover,
Surface Reflectance,
Radiance, Temperature

Topography,

Goddard Earth Sciences
Data and Information
Services Center
Global Precipitation,

Socioeconomic Data
and Applications Center

Human Interactions, Land Use,
Environmental Sustainability,
Geospatial Data

Vegetation Indices Crrar Ira tine

Atmospheric Composition,
and Dynamics, Global Modeling

National Snow
and Ice Data
Center DAAC

Frozen Ground,
Glaciers, Ice Sheets,
Sea Ice, Snow,
Soil Moisture

Crustal Dynamics
Data Information

Oceanography System

Grawry Sea Surface
Temperature, Ocean
Winds, Topography,

Circulation & Currents

Space Geodesy,
Solid Earth

National Laboratory
DAAC
Biogeochemical Dynamics, p
Ecological Data,
Environmental Processes

Global

Hydrometeorology

Resource Center DAAC
Hazardous Weather,
Lightning, Tropical Cyclones
and Storm-induced Hazards

Ocean Biology

DAAC

Ocean Biology.
Sea Surface
Temperature

Level 1 and Atmosphere
Archive and Distribution
System (LAADS) DAAC

MODIS Level-1 and
Atmosphere Data Products

Atmospheric
Science Data Center

Radiation Budget,
Clouds, Aerosols,

Tropospheric Chemistry



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

Guest Speaker: Adam Wilson, BioSCape




i

Biodiversity Applications for Airborne
Imaging Systems

Case Study: BioSCape - A Field Campaign in South Africa

March 27, 2023




.

An Exciting Time for Remote Sensing and Biodiversity

« Technology is advancing.
— LIDAR and Imaging Spectroscopy
from space

« Biodiversity Conservation Challenges:
— Human Development Pressure
— 6th Mass Extinction

« The time is right for a biodiversity-
focused airborne campaign.

h NASA's Applied Remote Sensing Training Program




An Exciting Time for Remote Sensing and Biodiversity

« Technology is advancing.
— LIDAR and Imaging Spectroscopy
from space

« Biodiversity Conservation Challenges:
— Human Development Pressure
— 6th Mass Extinction

« The fime is right for a biodiversity-
focused airborne campaign.

What is an
“airborne
campaign’e

NASA’s Applied Remote Sensing Training Program




Integrating Field and Remotely Sensed Observations

“Inclusive integration of remote
sensing with field-based ecology
and evolution is needed to fully
understand and preserve Earth’s
biodiversity.”

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

NASA’s Applied Remote Sensing Training Program

Global-regional coverage

Satellite Satellite
- W=
v

Regional-local coverage } S Aircraft A//UAV
Citizen scientist Drone o Transmitting
GO

with cell phone Wildlife officer with collar

receiving antenna

Sound
recorder

Camera
trap

"’

Collecting environmental DNA

Turner, 2014, Science



[ BioSCape Study Area
Marine Bioregions

B Agulhas

I Namagqua

Il South Atlantic
Southern Benguela

Il Southwest Indian
Southwestern Cape
Terrestrial Biomes
Albany Thicket
Desert

Il Forests

[ Fynbos
Nama Karoo
Savanna
Succulent Karoo

Azonal vegetation

Biodiversity Hotspot:

- 7 Terrestrial Biomes
- 4 Marine Bioregions

- Important Freshwater Systems

NASA’s Applied Remote Sensing Training Program

Baghdad

~90,000km?
(~1% Africa’s areq)
~9,000 vascular plants
(~20% Africa’s Plants)

with 65% endemic

39 highest marine endemism
in the world



South Africa: A Microcosm of Global Challenges

20 hotspots of vascular plant species richness

Caucasus

G | 0] b a | 4 Mediterranean ~ =1 e QY
Biodiversity g . ) mocin-crins
H OTS p OT ceommenes (-~ Guayana W-Ghnu\

Albertine

Cameroon- ) A ‘~ o pw"‘
Guinea mﬂ‘ Indo-Malaya \

oy \
E-Brazil / Madagascar NE-AullraHl

Cnponsls\ jr‘p‘""'"d‘

Costa Rica-Choc

frey SW-Australia &
Complex history
Diversity Zones(D2): Numberof species per 10,000 km? Bt 0. K 1 K WK po. and on go in g
DZ1[]1<20spp. 0z 5 [[lj1000-1500spp. 0z 9 [l 4000-5000 spp. N i Liior&:A Poce 1088 .
Dz 2 []20-200 spp. 0z 6 [ll1500-2000 spp. 0 10} 55000 spp. Noes Insttule koriodiverstyol Plats SOCICIl ChO”engeS i ARl !
o — et A — I Bono10079763 42209525 5 Unwersty of Bom ey \
0 &
Dz4 []500-1000spp. 0z 8 [Jl3000-4000 spp. Siard PardiggaN and 'S N Unequal
R i

i Gountry

EXTINCTION PATTERN

The number and locations of seed-bearing plant species that have
disappeared since 1900.

Globol 0 01-2 @35 B6-10 W11-20 W21-30 m31-40 WM41-79
Extinction
Hotspot

Development + Environmental Change + Biodiversity

namre

) sout avicas We need to map, monitor, and understand biodiversity in this
Humphreys et al. 2019 complex socio-economic environment.

NASA's Applied Remote Sensing Training Program
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http://time.com/5581483/time-cover-south-africa/

.

Key Themes for BioSCape

Where is biodiversity,
what is it doing,

1. The distribution and abundance of and why does it matter?

biodiversity,

2. The role of biodiversity in ecosystem
functions, and

3. The feedbacks between global
change, biodiversity change, and
ecosystem services.

h NASA's Applied Remote Sensing Training Program




BioSCape: A Biodiversity Survey of the Cape in South Africa

www.bioscape.io

Gulfstream I

Gulfstream V

Biodiversity Survey of the Cape

Land, Vegetation, and Ice Sensor (Laser altimeter)

Hyperspectral Thermal Emission Spectrometer

\ J Portable Remote Imaging Spectrometer
Flights in Oct/Nov 2023 | AVIRIS-NG | Aitbome Visible-Infrared Imaging Spectrometer (NexiGen) |

NASA's Applied Remote Sensing Training Program 48




BioSCape: An Integrated Airborne Campaign

Satellite Data: Hyperspectral Airborne Data:  Thermal Emission and Laser Remote Sensing Data
MODIS, Landsat, Sentinel, EMIT, ECOSTRESS AVIRIS-NG & PRISM Altimeter Data: HyTES & LVIS g
/ =V
R
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BioSCape: An Integrated Airborne Campaign

Satellite Data: Hyperspectral Airborne Data:  Thermal Emission and Laser
MODIS, Landsat, Sentinel, EMIT, ECOSTRESS AVIRIS-NG & PRISM Altimeter Data: HyTES & LVIS

Remote Sensing Data

fe

Phytoplankton Plant Functional Traits and  Leaf and Canopy Animal Point DNA and eDNA
Functional Types Species Composition Reflectance Counts Samples

NASA's Applied Remote Sensing Training Program 50 .

Lidar Field Data




BioSCape: An Integrated Airborne Campaign

Satellite Data: Hyperspectral Airborne Data:  Thermal Emission and Laser
MODIS, Landsat, Sentinel, EMIT, ECOSTRESS AVIRIS-NG & PRISM Altimeter Data: HyTES & LVIS

£ pEEEER

Remote Sensing Data

fe

Phytoplankton Plant Functional Traits and  Leaf and Canopy Animal Point DNA and eDNA Lidar Field Dat
Functional Types Species Composition Reflectance Counts Samples 1€ aid
/ Models and Algorithms
Functional Taxonomic Phylogenetic Spectral Data Products

Diversity Diversity Diversity Diversity i
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BioSCape: An Integrated Airborne Campaign

Satellite Data: Hyperspectral Airborne Data:  Thermal Emission and Laser
MODIS, Landsat, Sentinel, EMIT, ECOSTRESS AVIRIS-NG & PRISM Altimeter Data: HyTES & LVIS

£ pEEEER

Remote Sensing Data

Ecosystem Disturbance,
Resilience & Recovery

Compositional Change

Ecosystem Function &
Nature's Confribution to People

fo

Phytoplankton Plant Functional Traits and  Leaf and Canopy Animal Point DNA and eDNA Lidar Field Dat
Functional Types Species Composition Reflectance Counts Samples 1€ aid
/ Models and Algorithms
Functional Taxonomic Phylogenetic Spectral Data Products

Diversity Diversity Diversity Diversity i
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Advancing Radiative Transfer Modeling on Land and

In the Water

Generating Synthetic Hyperspectral
Datasets For:

Various Ecosystems
Agricultural Lands
Aquatic Environments
The Atmosphere

Uses:

ldentifying phytoplankton
functional types and floating
aquatic vegetation

Link spectral and structural plant
traits, especially those used in
biodiversity indicators

NASA's Applied Remote Sensing Training Program




Push the Limits of Our Ability to Measure Plant Diversity
Remotely

. Moppmg Diversity:
Taxonomic
— Phylogenetic
— Functional
— Structural
— Speciral

« Evaluating essential biodiversity
variables

« Assessing relationships between
diversity metrics and how this
changes across spatial scales

and environmental gradients

NASA's Applied Remote Sensing Training Program




Use Novel Data Products for Biodiversity Applications

« Effect of alien plant invasion on
diversity and ecosystem function

« How fire, drought, and invasion affect
the relationship between diversity and:
— Evapotranspiration
— Primary Productivity
— Water Use Efficiency

« Post-fire recovery of vegetation

« Distribution of groundwater-
dependent plant communities

« Drivers of estuarine biodiversity

NASA’s Applied Remote Sensing Training Program




Test Novel Field Methods for Measuring Biodiversity and
Answering Evolutionary Questions

 Environmental DNA (eDNA) as a
proxy for phylogenetic, taxonomic,
and functional biodiversity

« Automated analysis of an
ecosystem’s sounds (i.e.,
soundscape) to assess biodiversity
distribution and habitat condition

« Using spectral data to understand
long-term evolutionary and
community assembly processes

NASA's Applied Remote Sensing Training Program



A Campaign with Diverse Metrics of Success

. : : Avoiding Parachute Science
EqU“que SCIence Encouraging UgS-SA collaboration through

. Applicaﬁons international teams, workshops, and joint-funding.

- Capacity Building

« Ouvtreach

Applied Courses for Practitioners

NASA Applied Remote Sensing Training (ARSET)
Program to develop new BioSCape-related trainings
and a potential in person workshop in 2023-2024.

 Education

i . Two South African (PhD) filmmakers to document e
Leqrn more at Bloscape -10 BioSCape including time in the field with most
teams and interviews following the campaign “We tell freshwater stories.”

(fishwaterfilms.com). s AR 8

SAEON Education Outreach

Science Education
BioSCape ‘open house’ for kids to meet scientfists,
possibly visit the planes, and see field work (under

development).
57
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https://www.fishwaterfilms.com/

Coming Up in this Course

An Overview of Airborne LIDAR and Imaging Spectroscopy for Biodiversity

 Aftlicus Stovall University of Maryland | NASA Goddard Space Flight Center - LVIS

* Natasha Stavros university of Colorado Bouider- HYTES, AVIRIS-NG, and eDNA
 Phil Townsend University of Wisconsin-Madison, AVIRIS-NG for Plant Functional Traits
« Liane Guild nasa, PRISM Opportunities in Aquatic Systems

h NASA's Applied Remote Sensing Training Program




Summary

« Light Detection and Ranging (LIDAR) is a form
of remote sensing that uses a laser to measure
distance.

« Thermal Infrared (TIR) is the specitral range of 8
- 15 um in the electromagnetic spectrum. We
can use data from this spectral range to
monitor various environmental parameters.

 NASA’s Hyperspectral Thermal Emission
Spectrometer (HyTES), Goddard's LIDAR,
Hyperspectral & Thermal Imager (G-LiHT), and
Land, Vegetation, and Ice Sensor (LVIS) are
airborne campaigns that provide us with
thermal and LIDAR data.

| i Pl '
L L8 |
"v W " \ | ,‘;‘ | | ;
I L i ‘ ’ 4
| i ‘l: l !
Source: NASA ESTO
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https://esto.nasa.gov/hyperspectral-thermal-emission-spectrometer-hytes/

Resources

https://qirbornescience.nasa.gov/

https://hytes.jpl.nasa.gov/

hitps://lvis.gsfc.nasa.gov/Home/index.html

hitps://aliht.gsfc.nasa.gov/

hitps://www.bioscape.io/

h NASA's Applied Remote Sensing Training Program



https://airbornescience.nasa.gov/
https://hytes.jpl.nasa.gov/
https://lvis.gsfc.nasa.gov/Home/index.html
https://gliht.gsfc.nasa.gov/
https://www.bioscape.io/

Contacts

 Trainers:
« Juan L. Torres-Pérez: juan.l.torresperez@nasa.gov
« Amber McCullum: amberiean.mccullum@nasa.gov

« Brithnay Beaudry: brithay.beaudry@nasa.gov
« Sativa Cruz: sativa.cruz@nasa.gov

« Training Webpage: https://appliedsciences.nasa.gov/[oin-
mission/training/english/arset-biodiversity-applications-airborne-imaging-systems

« ARSET Webpage: https://appliedsciences.nasa.gov/what-we-do/capacity-
building/arset

Consult Our Sister Programs: Follow Us on Twitter
- \ 55‘;‘;‘ @NASAARSET
DEVEL@P 'Qew

Y SERVIR
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mailto:juan.l.torresperez@nasa.gov
mailto:amberjean.mccullum@nasa.gov
mailto:britnay.beaudry@nasa.gov
mailto:sativa.cruz@nasa.gov
https://appliedsciences.nasa.gov/join-mission/training/english/arset-biodiversity-applications-airborne-imaging-systems
https://appliedsciences.nasa.gov/what-we-do/capacity-building/arset
https://twitter.com/NASAARSET
https://develop.larc.nasa.gov/
https://www.servirglobal.net/

Thank Youl!
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