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Biodivrsi’ry Applications for Airborne
Imaging Systems

Juan L. Torres-Pérez, Britnay Beaudry, Sativa Cruz, Amber McCullum
Guest Speakers: Atticus Stovall, Phil Townsend

April 3, 2023




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 at:
hitps://appliedsciences.nasa.gov/join-

mission/training/english/arset-biodiversity-

applications-airborne-imaging-systems

« For additional questions please emaiil:

Juan L. Torres-Pérez (juan.l.torresperez@nasa.gov)
Amber McCullum (amberjean.mccullum@nasa.gov)
Brithnay Beaudry (brithay.beaudry@nasa.gov)

Sativa Cruz (sativa.cruz@nasa.gov)

NASA'’s Applied Remote Sensing Training Program

Intermediate ARSET Webinar:

Biodiversity Applications for
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Prerequisites

Prerequisites:
— Fundamentals of Remote Sensing

— Hyperspectral Data for Land and
Coastal Systems

— or equivalent experience

EARTH SCIENCE
@ APPLIED SCIENCES ABOUT  WHATWEDO  OURIMPACT  JOINTHEMISsioN — QQ

ARSET - Hyperspectral Data for Land and

Coastal Systems

NASA's Applied Remote Sensing Training Program

EARTH SCIENCE
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TRAINING

Fundamentals of Remote Sensing

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

HOME [ JOIN THE MISSION [ TRAINING



https://appliedsciences.nasa.gov/join-mission/training/english/fundamentals-remote-sensing
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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:
— Attend 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.martins@ssaihg.com

u 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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« Capturing the structural component of wetland biodiversity with airborne

Part 3 Agenda

LIDAR with Atticus Stovall

« Assessing biodiversity with plant functional traits using hyperspectral visible
to Shortwave Infrared (VSWIR) imaging spectroscopy data and LIDAR data
with Phil Townsend

e QA&A Session
=

u NASA's Applied Remote Sensing Training Program




Guest Speaker: Atticus Stovall, University of
Maryland/NASA Goddard Space Flight Center
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Cop’ruring the Structural Component of Wetland
Biodiversity with Airborne LIDAR

Dr. Atticus Stovall - NASA Goddard Space Flight Center | University of Maryland

March 27, 2023



How do we measure biodiversity?

Essential Biodiversity
Variables



Essential Biodiversity Variables (EBVs)

An ideal EBV should...

capture critical scales and
dimensions of biodiversity.

be biological.

be a state variable.

be sensitive fo change.
be ecosystem agnostic.

be technically feasible,
economically viable, and
sustainable over time.

NASA'’s Applied Remote Sensing Training Program

Scenarios for biodiversity
& ecosystem services (e.g. for IPBES)

High-level indicators of biodiversity
& ecosystem services (e g. for CBD)

%leary attributes Eoosystem service
(slow changing) valuation & other data

Observations Observations of policy . &

of drivers & & mana
gement
pressures Essential Biodiversity responses

Variables
Genetic composition ~ Community composition

Species populations Ecosystem structure

Species traits Ecosystem function

Primary observations of
change in state of biodiversity
In-situ Remote
monitoring  sensing
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Ecosystem Disturbances

Essential Biodiversity Variables

Ecosystem Functioning
Attributes related to the performance of ecosystems that result from
the collective activities of its organisms.

EBV Name EBV Description

Primary Productivity The rate at which energy is
transformed into organic matter,
primarily through photosynthesis.

Ecosystem Phenology Duration and magnitude of cyclic
processes observed at the
ecosystem level, such as in
vegetation activity, phytoplankton
blooms, etc.

Ecosystem Disturbances Abrupt deviances in the
functioning of the ecosystem from
its regular dynamics.

NASA'’s Applied Remote Sensing Training Program




Essential Biodiversity Variables

Ecosystem Structure
The spatial arrangement of ecosystem units collectively defined
by organisms forming these units.

EBV Name EBV Description

Live Cover Fraction The horizontal (or projected)
fraction of area covered by living
organisms, such as vegetation,
macroalgae, or live hard coral.

Ecosystem Distribution The horizontal distribution of
discrete ecosystem units.

Ecosystem Vertical Profile The vertical distribution of biomass
in ecosystems, above and below
the land surface.

NASA'’s Applied Remote Sensing Training Program

Atticus Stovall
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Case Study: Wax Lake Delta
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Case Study: Pongara National Park
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Wax Lake Delta

Case Study



Delta in Louisiana, USA Created after Major Flooding in 1973

Wax Lake : T Wax Lake
Qutlet ; ; 4050 Outiat

‘Atchafalaya L o E LT AR hafalaya
River L) S River

NASA/Jesse Allen

NASA's Applied Remote Sensing Training Program 16



Delta-X Field Campaign

UAVSAR (L-band SAR)

AVIRIS-NG (Airborne Visible /
Infrared Imaging Spectrometer)

NASA'’s Applied Remote Sensing Training Program

Source: Atticus Stovall
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High Resolution Airborne LiDAR in the Delta

NASA'’s Applied Remote Sensing Training Program Source: Atticus Stovall 18 .



High Resolution Airborne LiDAR in the Delta
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Wax Lake Delta Vegetation Structure
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For BioSCape we will merge hyperspectral and LiDAR in estuarie

Blo%EaC F"a
Sy

AIRBORNE nm.hm SPECTROMETER

AV,

Next Generation

NASA's Applied Remote Sensing Training Program

Our team has 3 main goals:

Map plant functional type and
essential biodiversity variables
across diverse estuaries with
imaging spectroscopy and
waveform LiDAR.

Determine drivers of biodiversity
within the nine estuary classes.

How will climate impact estuaries
of the greater cape floristic
regione



Ye

(“ . "Q ¢ >

o Mt : .
- "‘. : .v
:IW’“
' Z : oL
["‘.. Wy : :
‘0.‘ 3 : .
- ‘.‘ K

; 9

. »

Bl : ‘"

In Wetlands, LiDAR Improves:
1) Vegetation Classification
and
2) Understanding of Ecosystem
Structure




River Delta-

Image: NASA




Image: NASA



Zambezi River Delta Airborne Data on NASA ORNL DAAC

36.25°E

LiDAR ﬂown in 20] 4 36.167°E

 Field data from 2012

* High-resolution LIDAR is rare
in mgngroves. 18.833° S

* An excellent opportunity to
capture vertical structural
profiles

I
f / _.'-_':u'i"lkl._r-g-». Fe™ A .. . .
36.167° E 36.25° E
NASA'’s Applied Remote Sensing Training Program




Creating a High-Resolution Map of Forest Height from LIiDAR

Read LIDAR Data

Final Map of Forest Heigh

NASA'’s Applied Remote Sensing Training Program
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Mangrove Profiles at Field Plots Highlight Structural Diversity
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Forest structure

changes considerably
with changing height.

Source: Stovall et al. In Prep
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Height (m)
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~6 Height-Dependent Mangrove Structural Signatures

As height increases, the structure of these f
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We can clearly see how the structfure of the mangrove ecosystem evolves through time:
Moving from dense low forests fo open- and closed-canopy tall forests.

NASA's Applied Remote Sensing Training Program Source: Stovall et al. In Prep 30 .




ngroves LIiDAR Improves:
Lo ersicmdlng of Changing
stem Structure with Height

‘.

Image: NASA



Case Study: Pongara National Park
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Gabon Mangroves ldentified as the Tallest (~60 m) on Earth
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Image Credit: Simard et al. 2019
NASA'’s Applied Remote Sensing Training Program




Source: Atticus Stovall



We visited these mangroves in 2017 to study their 3D structure.
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Mission revealsclues , ¢ < .. /-~
about global changes ' \@P f

By Maria-José Vifias e | § f; :
Colorado, is home to one of the most pristine rainforests on the planet. f ‘c: \ v
During the two-week-long NASA campaign, a collaboration witha J » / ;
e e Ll e SRy
measurements mass, trees, he P FoReer SR,
; and ground cover, and. divesicy of plan: and aninal species — not ::M&uf*wm agauge
Image Credit: NASA sy o Gbach s b s o s comeyh wdends, 7
ESA launched the first part of the AfiSAR field campaign in Gabonin  The data will help prepare for and calibrate four current and upcoming
July 2015, when teams led by the French National Aerospace Research  spaceborne missions for NASA, ESA and DLR that aim to, among other
Center collected radar and field measurements of the country's forests.  goals, better gauge the role of forests in Eareh’s carbon cycle.
NASA and the German Aeraspace Center (DLR) joined the second “One of the questions we're really interested in at NASA is balancing

NASA's Earth Science News Team .A"
Gabon, a Central African country slightly smaller than the state of §

AfriSAR, page 6

NASA'’s Applied Remote Sensing Training Program




icus

Att

Images

Q
@)
-
O
S
O
—
O
e

Rhizop




S

ot
: —I
%t.r, eR b
.. vl I
- ‘¥ . £

.w ‘g
’ !J-
.
?

e L
-
..- -

IS N2 -._a» VK Ry °3
o ' ! - = 4

Y tﬁm o

o ww .i : :

LV, ¢ : 3 oy

2@0 ..h...’. ,&..W. 2 - — - "

L% M P o "
SR x o N I\ . A S

S ™ ] -
. N -~ ’ 2
e SR 1 . NG
e - O
TR i
1
N :
o -
LAY ~
Ve
R e
) ’

-
Ly
"

{

T R, e T AR —

i‘. smeme
u gy‘ﬂ\‘w .
3

o

. 20
ma
123
(%2}
i)

O

2
/&

(%3
-f.e

~ Tl |

ol



NASA Land Vegetation Ice Sensor (LVIS) flew in 2016

Instrument

Version: LVIS

NASA
Flight Langley
Platform: King Air B-
200

Nominal
Flight 24,000
Altitude:

Nominal
LVIS Swath
Width:

Nominal

LVIS 18m
Footprint (2.5mrad)
Diameter:

1.5km
(200mrad)

© .
A

NASA'’s Applied Remote Sensing Training Program
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Low and Mid-Stature Mangroves had ~3 Structural Signatures

* Main difference is location of peak and foliage density

10.01 30
7.5-
20 -
S S
T 504 <
2 =2
[} [0}
T T
10 1
2.5 -
0.0 - 0-
0.00 0.25 0.50 0.75 0.0 0.2 0.4 0.6
Plant Area Vegetation Density ( m? m"3) Plant Area Vegetation Density ( m? m'3)

NASA'’s Applied Remote Sensing Training Program Source: Stovall et al. In Prep 39 .



Tallest Mangrove Stands had ~5 Structural Signatures

« Main difference is peak of understory or canopy

Height (m)

000102030405 000102030405 000102030405 000102030405 000102030405
Plant Area Vegetation Density ( m? m'3)

Image: Atticus Stovall

NASA'’s Applied Remote Sensing Training Program Source: Stovall et al. In Prep




THIS IN NOT AIRBORNE LIDAR _ Source: Atticus Stovall
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In the Tallest Mangrove Forest, LIDAR Improves:
1) Classification of Ecosystem Structural Signatures
2) Understanding of Structural Diversity
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With LiDAR, we can characterize
the fine-scale structure of .
ecosystems in detail. | s,

LiDAR can precisely estimate...

Essential Biodiversity Variables



Now, LIDAR is available globally,
with the Global Ecosystem Dynamics
Investigation (GEDI)

Enabling global-scale mapping...

...of wetland
structure and
function



We are already using GEDI to create @
global mangrove height and biomass map
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Soon, we will have 12 m global mangrove height and biomass

By merging with GEDI, we can understand the structural
signature of mangrove forests around the world.

NASA'’s Applied Remote Sensing Training Program




All of this is a group effort!

Lola Fatoyinbo Abigail Barenblitt

Nathan Thomas

Atticus Stovall u
Celio Souza

Thank You!

#lL olaLAB

Anthony Campbell

NASA's Applied Remote Sensing Training Program Cheryl Doughty
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Guest Speaker: Phil Townsend, University of
Wisconsin—-Madison
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Airborne Hyperspectral Imagery for Biodiversity and
Ecosystem Functioning

Phil Townsend and Ting Zheng — University of Wisconsin-Madison

WISCONSIN
March 27, 2023

UNIVERSITY OF WISCONSIN-MADISON



Botanical Gazette, Vol. 87, No. 5 (Jun., 1929), pp. 583-607

A SPECTROPHOTOMETRIC STUDY OF REFLEC-
TION OF LIGHT FROM LEAF SURFACES

CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY

20

CHARLES A. SHULL
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F16. 1.—Reflection curves for leaves of rhododendron (1), and jonquil (2); note
maximum at about 560 mg, and trough at 680 mu.
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F16. 4—Curves of reflection showing effects of aging on leaves of T'ilia americana;

chlorophyll development brings decreased reflection.

REFLECTANCE, PERCENT

Spectral Properties of Plants

David M. Gates, Harry J. Keegan, John C. Schleter, and Victor R. Weidner

The spectral properties of plant leaves and stems have been obtained for ultraviolet, visible, and infrared
frequencies. The spectral reflectance, transmittance, and absorptance for certain plants is given. The
mechanism by which radiant energy interacts with a leaf is discussed, including the presence of plant
pigments. Examples are given concerning the amount of absorbed solar radiation for clear sky and
overcast conditions. The spectral properties of desert plants are compared with those of more mesic
plants. The evolution of the spectral properties of plant leaves during the early growing season is given
as well as the colorimetric behavior during the autumn.

January 1965 / Vol. 4, No. 1 / APPLIED OPTICS 11
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Reflectance Speciroscopy
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Imaging Spectroscopy Image Cube



3+ Decades of Airborne Studies (and now space):
Setting the Stage for Upcoming Spaceborne Missions

Global Airborne Observatory

neen

National Ecological Observatory Network

NATURE VOL. 335 8 SEPTEMBER 1988

NATURE
Remote sensing of canopy chemistry
and nitrogen cycling in

temperate forest ecosystems

NEXT GENERATION

O PE X G- LIHT

Experiment

Wessman et al. 1988




Observation
Question

Data
Collection
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Plant Functional Traits for Diverse
Biomes




1. Image Pre-processing | 3. Image Post-processing

Cloud — Shadow Mask
Topographic Correction
BRDF Correction
Geo-rectification
Vector Normalization

NDVI and NIR threshold

5. Trait mapping

- e &

LMA
EWT
SLA
Carbon
Nitrogen
Cellulose
Lignin
Water
NSC

Chlorophylls
Carotenoids
Sugars
Starches
Phosphorus
Potassium
Calcium
Sulfur

Wang et al. 2020
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Single/Mixed Species
Homo/Heterogeneous
Open/Closed Canopy

Wide Climate Range

= Broadleaf Tree
= ConiferTree
= Shrubland

= Grassland

= Forb



Figure: Kyle Kovach
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Phenology

Beckett Hills

Figure

2020




Wisconsin

Chlus & Townsen
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Ecosystem Response to Environmental Change:

The California Mega-Drought - 2012 to 2018

California Percent Area in Drought

https://droughtmonitor.unl.edu/DmData/TimeSeries.aspx



& Blobal Change Biology

Warming increased bark beetle-induced tree mortality by 30%
during an extreme drought in California

U.S Drought Monitor - California
July 1, 2014

JOURNAL OF CLIMATE Severe Drought

Greater Temperature and Precipitation Extremes Intensify Western

Ext D ht
U.S. Droughts, Wildfire Severity, and Sierra Nevada Tree Mortality Bl Extreme Droug

Bl Exceptional Drought

Environmental Research Letters

Chronic historical drought legacy exacerbates tree mortality and
crown dieback during acute heatwave-compounded drought
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namre
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Tree height explains mortality risk during an
intense drought

nature |
gCOSCIC nce

California forest die-off linked to multi-year deep
soil drying in 2012-2015 drought




U.S Drought Monitor - California

Warming bark beetle July 1, 2014

Severe Drought

Greater Temperature _ Precipitation Extremes B Extreme Drought

Bl Exceptional Drought

drought legacy
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deep
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Western Diversity Time Series (AVIRIS-Classic)

2012 ~ Present
AVIRIS-Classic
5 flight boxes
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LMA: 0~330 g/m?
N: 10~32 mg/g

NSC: 150~350 mg/g LMA NSC
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PC2 (29.09% of variation)
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At the continental scale, ecosystems that invest in
maintenance (NSC) also invest in defense (phenolics).
Under drought stress, ecosystems reallocate investments
away from defense (phenolics) and more towards
maintenance (NSCs providing reserve safety margins).
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HARV_2019
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SCBI_2016
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KONZ_2020
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SOAP_2018
TEAK_2018
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Additional Applications: Biodiversity

« Invasive Species .y
To.tal phenolics
0.4 TNC
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6 Fiber (ADF) are Native, Orange are Invasive
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NASA's Applied Remote Sensing Training Program Figure: Adam Chlus 84 .
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B Leaf Mass per Area
I Leaf Water Content

NASA's Applied Remote Sensing Training Program Figure: Dana Chadwick




Additional Applications: California Mediterranean Ecosystems

NASA's Applied Remote Sensing Training Program Figure: Dana Chadwick




Additional Applications: Carbon Dynamics

 Flux Towers

Red Pine
(Tower NW1)

g,

SE SW S NW

NASA's Applied Remote Sensing Training Program Figure: Ting Zheng 87 .



Additional Applications: Carbon Dynamics

 Flux Towers
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NASA's Applied Remote Sensing Training Program Figure: Ting Zheng 88 .
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Quantify biodiversity in places where it is hard to measure in sifuw

Use this information to characterize the role of biodiversityin ecosystem function
Within a year (phenology) and across yedrs (in response to change)

|dentify threats ,_iow biodiversity

Answer the Question: Are ecological processes the sdiﬁe across similar
ecosystem types (e.g., Mediterranean ecosystems in South Africa and California)?
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Summary

« LIDAR and hyperspectral data can help us
better understand the biodiversity and
function of vegetation.

« LIDAR measurements can assist in the
development of canopy height models,
which help us better understand forest

stfructure.

u NASA's Applied Remote Sensing Training Program



https://lvis.gsfc.nasa.gov/images/misc/OwenLake_Poster.jpg

Resources

« https://airbornescience.nasa.gov/

« hitps://Ivis.gsfc.nasa.gov/Home/index.html

« https://deltax.jpl.nasa.gov/

« https.//www.earthdata.nasa.gov/sensors/gedi

« hitps://uavsar.jpl.nasa.gov/education/what-is-uavsar.html

« https://avirisng.jpl.nasa.gov/

u NASA's Applied Remote Sensing Training Program
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https://deltax.jpl.nasa.gov/
https://www.earthdata.nasa.gov/sensors/gedi
https://uavsar.jpl.nasa.gov/education/what-is-uavsar.html
https://avirisng.jpl.nasa.gov/

Contacts

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

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

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

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

Consult Our Sister Programes:
_—

‘

Follow Us on Twitter
N

N
DEVELQP Q.‘.‘, Y @NASAARSET
NASA’s Applied Remote Sensing Training Program \.._.- SERVIR
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Thank You!

u NASA's Applied Remote Sensing Training Program






