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Presentation Outline
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ANISAR specs and data collection plan

AFundamentals: SAR scattering from wetlands

A Double bounce scattering from flooded vegetation
A L-band vs. C-band (Sentinel-1)

AWhat do first NISAR images look like? What processing still is in the
works? 1 RFlI, calibration

ARecent research in prep for NISAR using Airborne NASA-ISRO ASAR
A Great Lakes wetlands focus
AReview of selected results

ANISAR take home messages, tools and training



NISAR
A New Mission for Ecosystems Science

A NISAR is a joint NASA-ISRO (Indian Space Research Organization) Two-frequency
(L- and S-band) Synthetic Aperture Radar (SAR) mission that was launched into
space on July 30, 2025

= ... Unprecedented B AL-Band SAR (24 cm

BE amount of I-band data wavelength) will cover all
@ land surfaces, globally,
. Is going to change how two times (ascending and

- we can do science and esgending) every 12

monitor Earth ] A resolution of 10 m/20 m

over a 240 km swath at
" terrestrial systems ~6 am/6 pm local ime

A Data are freely available
through the Alaska
Satellite Facility
(www.asf.edu) and
Earthdata access

descendlng MEXICO
node (PM

NISAR Launch

Siqueirag NISAR Ecosystems Lead


http://www.asf.edu/

e NISAR Status Ao

A Launched July 30, 2025
A Began acquiring global Reference Observation Plan in November 2025
A Currently in the science validation phase (ends Summer 2026)

A Feb. 2026 15t major release ofdband data from ~Nov. 2025Jan. 2026

A Uncalibrated products are being produced & ~100,000 have been released through
NASAEarthdataand the Alaska Satellite Facility DAAC

A current plans for future & regulardand SAR calibrated product release:
A calibrated data products release starting arouluty 2026

A Forward processing at firgtproducts from newly acquired data generated and
delivered within ~72 hours

A Catchup processing of Nov. 2025July 2026 data will be done in parallel, with goal

NISAR Launch of completing by December 2026
7/30/2025

Satish Dhawan Space

Centre, India NISAR



31 " a ,



Research Instltute

Mighigan an Synthetic Aperture Radar (SAR) Sensors “A}

A Active systems transmit energy at specific wavelengths and
polarizations toward target (Earth) record energy backscattered

from image elements

AStrength of return signal and
type of scattering is a function

of:

A System Parameters
A SAR wavelength (frequency)
and polarization
A Imaging geometry
A Features of Image Elements
A Dielectric constant (moisture
status of natural surfaces)
A Surface roughness
A Structure and geometry of
image features
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AL Band

Sources include Seasat, ]
JERS-1, PALSAR, Scattering of Radar Energy
PALSAR-2, PALSAR-4. Flooded Vegetation VS. Non-flooded Vegetation

SAOCOM, NISAR N &

C-Band L-Band

A Longer wavelength (~24
cm), able to penetrate
forest canopy to detect
presence of standing wate

Flooded Forest Flooded Grassland/Shrubland

A Larger dynamic range i
detects inundation in a X L-Band X
range of vegetation
biomass

A Maintains coherence in
vegetated areas

Non-Flooded Grassland/Shrubland

_ Non-Flooded Forest
A More susceptible to

lonospheric phase delays

Synthetic Aperture Radar (SAR)
L-band vs. C-band

AC Band

Sources include ERS1,
ERS2, Sentinel-1,
RADARSAT-2, Envisat

A Much shorter
wavelength (~5.6cm),
better at detecting
moisture in open
areas

A Lower penetration in
dense vegetation and
particularly woody
vegetation (i.e. shrub
and treed swamps)

A Decorrelates in
vegetated areas



Flood detection beneath
a forested canopy

A_-band HH-pol provides the best
delineation of the flooded cypress
swamp

Awith L-band double bounce scattering
occurs from the smooth water surface
to the tree trunks and back to the
sensor

Duke Forest Flooded Cypress SIR-C Imagery
17 April 1994

L Band

HV




@}% Theoretical L-band Scattering in forest,
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<72 L-band PALSABerived Map of Large Dense Stands of Invasive
Phragmitesaustralisproduced for Decision Support

Great Lakes g
RESTORATION o
-

Multi-season L i
band data
alone was
found very
effective for
mapping this
Invasive
wetland plant
due to:

A High USGS and USFWS fundec
biomass the mapping of Invasive

A Standing Phragmites australit
water aid in a decision suppo

A 3 seasons of tool that predicts spread B #E
variation of the invasive plant ?Efﬁsting Phragmites

‘pistance to Phragmites
o far

k..., near

BourgeauChavez et al. (2012) Journal of Great Lakes Research

Lake Saint clair



Lake St. Clair PALSAR
Mapping Invasive Phragmites
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1. PALSAR HH
B July 2006
" October 2008
B May 2008

2. PALSAR HV

**Sensitive to biomass

B October 2008
" April 2008
B May 2008

3. Wetland Map
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Color schemechosento highlight inundated
areasand other featuresin the landscape /.
 HV, HV/HH
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Crosspolarized returns have the same dynamic range as
co-pol, but are reduced in magnitude byd8. For this
reason, artifacts such as Radio Frequency Interference are
much more prominent in the imagery.
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co-pol, but are reduced in magnitude byd8. For this
reason, artifacts such as Radio Frequency Interference are
much more prominent in the imagery.
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_ RGB: R=HHHH median, G=HVHV median, B=HHHH std GoogleEarth
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Evaluation of Land SBand Polarimetric
Data for Monitoring Great Lakes Coastal
Wetland Health in Preparation for NISAR

Battaglia andBourgeauChavez, NISAR special issue of Remote Sensing 2025



Q;:

1) Can L-band and S-band polSAR data be
used to map wetland ecotypes and
differentiate invasive species, such as
Phragmites australis, with high accuracy In
lieu of optical data?

2) Do physically based scattering models
explain polarimetric L- and S- band SAR
Interactions with wetland systems or Is
anomalous behavior exhibited for double
bounce, as was previously found for C-
band (Atwood et al. 2019)?

3) What are the vegetation structure and
biomass limitations of L-band vs. C- or S-
band in monitoring wetland inundation?

f} Airborne SAR Collect & Research
Questions

NASASRO ASARdANnd Sband data
were collected over 3 Great Lakes
wetland complexes on July 14, 2022

®

Lake St. ilair Long Point

W. Lake Erie

0 25 50 100
KM




| Field Locations and ASAR Footprint€Z

a.rch In t tut

Data Collected at 42 sites = ashdheie |l
In summer 2021 under a $
GLRI grant funded by
USFWS

AVegetation type
Alnundation status
AStem counts
ABasal diameter

ADiameter at 1 m above
water

AWater depth




Higher

Phragmites

Common Monotypes In the Great Lakes

Schoenoplectus

TWE Gl

ga
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Lower
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Polarimetric Decompositions

APartition the total backscattered power into distinct physical
scattering mechanisms

A3 component model i based decomposition i van Zyl 2011

<:§ Physically Based Model

N N ED Specular Reflection Single Bounce/Surface Scatter
A3 scattering mechanisms
P
POV NN
A Single bounce (surface scatter) Reflection off o smooth surface Scattering off a rough surface

Th 16 of incid . 15 th The variation in surface height is on
& angle o ! 1nc:f1 er;]c:e,tl., equals the the order of the incoming signal's
angle of reflection. wavelength.

Volume Scatter Double Bounce

A Double bounce

A Volume scatter (diffuse scattering) E

IFNS SRR RINE. TN

Double Bounce
One possible natural occurence -
reflecting off two smooth surfaces,

Volumetric Scatterin
9 grass and a freshly-cut tree's stump

Example scattering in a tree
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Polarimetric Decomposition Images{

L-Band Neumann

-Van Zyl 2011 NNED Decomposition
A Doublebounce scattering
A Volume scattering
A Surface scattering
-1997CloudePottier Decompositiog
A Entropy-H
A Anisotropy- A
A Alpha Angleh
-2009 Neumann Decomposition
A Delta
A Tau
A Delta Phase




Research Question #1

hI ttt

1) Can L-band and S-band polSAR data

be used to map wetland ecotypes and ®
differentiate invasive species, such as : i
Phragmites australis, with high accuracy
In lieu of optical data or multi-date data?

Lake St. ilair Long Point

AThe L- and S-band backscatter data

and decompositions were used in a ML )
classifier to map wetland types and W Lakorri i
compared to an existing map using | A e

multi-temporal SAR-optical data
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Mult-tmporal Machine

Multispectral imagery Learn | n g

Classifier

Multi-temporal
SAR imagery

Aerial Image
Interpretation

Classified Image
Land Cover ' £5 |
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73 AT = bl

- Develope:
I:} Agriculture

- Forest
- - Water

- Wet Meadow
- Bulrush
[ ] cattail

- Phragmites

Overall
Accuracy 77%
' 4 SNXa
accuracies
53-93% for
individual
classes
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EakT — ===

- Develope

l:l Agriculture

- Wet Meadow
- Bulrush

[ ] cattail
- Phragmites

Overall
Accuracy 83%
' 4 SNXa
accuracies
55-97% for
individual
classes
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: - : G ST ——— ‘
Y -~ § - Developed
3 | l:] Agriculture

Classification results: S-& L-band %

Overall
Accuracy 92%
' 4 SNXa
accuracies
74-98% for
individual
classes

Results are
comparable
to using
optical and
SAR



Research Question #2

1'1 IIl t tut

2) Do physically based scattering

models explain polarimetric L- and S- ®
band SAR interactions with wetland - " 2
systems or is anomalous behavior
sometimes exhibited for double o e
bounce, as was previously found for = d v
C- band (Atwood et al. 2019)? '

“

Double bounce was sometimes W. Lake Erie
attributed to surface scatter at specific | " S

Incidence angles and vegetation stem
size
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Misattribution of Scattering Mechanisms

ACommon three component decompositions (Exael@anyamaguchi, NNED, etc.) may
misattribute double bounce scattering to surface scattering due to reliance on a stati
of copolarized phase difference (Atwood et. al, 2019; Ahern et. al, 2022)

Radarsaf Cband fall imagery



