e

New findings from the NASA ABoVE AirSWOT flight campaigns
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NASA Arctic-Boreal Vulnerability
Experiment (ABoVE)

https://above.nasa.gov/

AirSWOT flight campaigns (2017)

https://doi.org/10.3334/ORNLDAAC/1646

ABOVE: AirSWOT Ka-band Radar over Surface Waters of Alaska and
Canada, 2017

Documentation Revision Date: 2018-03-29 (Fayn e et al,’

Lrataset Version: 1

Summary .
AIrSWOT is an aiborne calibration and validation i for the ing Surface Waler Mission (SWOT) satelite. ArSWOT is 2 01 9, 2 02 0)

capable of producing high resclution digial elevation models over land and water bodies. This datesel provides AIrSWOT Kaband (25,75 GHz) radar
data products collected from an airborne platiorm over parts of Alaska and Canada durng the period 2017-07-09 o 2017-02-17. Flights targsted
specific surface water featurss, including rivers, lakes, ponds, and wetlands in the ABoVE domain. The radar deta meluds six products: skavetion
{above the WS84 alipsaid), incid gle, X LHURHI ngle
helght sensityity), and smor (estimated height randam eror, 1-sigma standard devatca) 17e fight lines were salected to span a ull spectum of

free b o 10 high ground iee confent), ecosysterms, cimatic regions, topographic relef, snd
genlngical subsirales aciass the ARGVE domain to investigate surface wates esponges 1o thawing permatiost and spatial and femponl varisbiity in
Terresirial waler slorage by measuring elevation and cxtent of surface walers. The data ane provided in bao foerns. 1) Ehe oniginal oulpul {outern Swath
produsts enly al 3.8 m nesolulion s UTH coondinles fom Be ArSWOT processing group it e Jel Propesion Labortory JPL), and 2) the ADoVT
Projecticn al 3.6 m2 resolulion, cipped o he ABoVE refersnce grid tes using the © grid.

The core of NASA ArSWOT is the Ka-band SWOT Phenomenclogy Aitboms Radar (KaSPAR). Ka-band radar wses inferferomelry o measwre
surface slevation, particularly focusing on open surface water. producing novel swath water surfzce slevation measursments. ArSWOT collscts two
=waths of across-track interferomadry data - between nadir and 1 km and betwssn 1 km and § km, respactively - which can be used to ootain
cantimeter-level topographic rmaps of water surfaces. Oniy the outer-sweth products ars includad in this releass.

Tnere are 1,047 radar output product files in GeoTIFF format provided with this dstaset. Ths incledes TGS files (128 swaths x G products) n onginal
autput at 3.6-m2 resolmon in UITIM coordingtes, and /79 files (one tor each ABoVE tile) provided i the AdoVE projection and cipped to the ABoVE &
i Cognd A shapetile (shp) s provided for visualization of all radar swaths with an index 1o the ABoVE grid hles. This dataset alsa ncludes the
following comganion files” a ™ kmz? of the shapehile wilh an index 1o the ABOVE gnd files, and 779 ™ kml files of elevation data cormesponding to the
elevation product Tor the ABSVE grds

Figure 1. Exarogde of ArSWOT radar products in ADVE Projection al 36 m@ resolulicn, for a light over the ABoVE G grid ChOG5w004. Lol Shape
Tor asckesscalben image. Middhe, Thie roegeilud image showes Geighl refleclion in (e nsan range, and oo elums - yelding regions of no data in e G
rangze. Right. Blevalion product imags.




NASA Arctic-Boreal Vulnerability
Experiment (ABoVE)

https://above.nasa.gov/

AirSWOT flight campaigns (201

https://doi.org/10.3334/ORNLDAAC/1646

Peace-Athabasca Delta (PAD)

- RAMSAR Wetland of International
Importance

- UNESCO World Heritage Site

- Home to Athabasca-Chipewyan, Mikisew
Cree, and Métis Indigenous peoples




Study objectives:

1) Examine AirSWOT Ka-band InSAR returns over a large, low-gradient ecologically
important inland delta (PAD)

2) Estimate WSE and WSS to determine if channel flow directions and slopes can be

retrieved from low-gradient channels

3) Assess the importance of reach averaging for estimating channel flow direction and WSS

4) Assess a potential river avulsion site using AirSWOT












Inferred flow direction from
AirSWOT WSE mapping (dh/dx)




Reach-averaging of noisy InSAR data is critical for WSS estimation

water surface slope (WSS, cm/km)

50 -

-50 -

-100 -

6

7

July
August
Summer (July + August)

8 9 10 11 12 13 14 15 16 17 18 19 20

river reach length (km)






Remote sensing of avulsion potential?

Athabasca River




Remote sensing of avulsion potential?

Embarras-Mamawi
distributary (opened 19

Athabasca River




AirSWOT profiles
reveal a WSS
advantage along the
Embarras-Mamawi
flow path, during high
flow (July) signifying
high avulsion potential

River Surface Elevations [m .asl]

River Surface Elevations [m .asl]

(Smith, Fayne, Wang et al., in revision)
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- , . Boat GMNSS (bias shifted -0.671 m)
= Athabasca

T AIrsSWoT :
+ Athabazca ¥

| * Embarras-Mamawi (EM) *
I | | | |
0 10 20 30 40

Downstream Distance [km]

F.) August AirSWOT and Boat GNSS WSE

. . Boat GNSS (bias shifted -1.28 m)
= Athaba=sca

AirSWoT

+ Athabasca

- * Embarraz-Mamawi (EM}) * -
T T T T T
0 10 20 30 40

Downstream Distance [km]

... a finding
affirmed by
in situ GNSS
profiles
(2018)



A slow avulsion of the Athabasca River is indeed underway!
(Wang et al., WRR, 2023)

Profound implications for long-term
inundation, ecology, and human use of

the PAD

Water Resources Research

RESEARCH ARTICLE
10.1029/2022WR034114

Key Points:

* We azeess a polential avulsion
of the Athabusca River in the
Peace-Athabasca Delta, Canada
nsing field measurements and remote
RENSING

& Analyziz of ydrological and
morphological observations affirm
that a show avulsion is currently
underway

= The avulsion may accelerste in the
fisture and canse transformative effects
on the delia’s vegetation, habitat, and
BCORYSIEMS

Supporting Information:

Suppaorting Informkation may be found in
the anline version of this artiche.
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Athabasca River Avulsion Underway in the Peace-Athabasca
Delta, Canada
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Abstract Avulsions change river courses and transport water and sediment o new channels impacting
infrastructure, floodplain evolution, and ecosystems. Abrupt avulsion events (occurring over days to weeks)
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How does wind impact Ka-band backscatter? Comparison of ERA-5 wind speed (10m) with
observed Ka-band backscatter for ~11,000 lakes (Jessica Fayne)

Wind-driven roughening is noticeable across water surfaces in the AirSWOT Ka-band VV backscatter images.

20170709170021_utm_mOm.mag ’ 20170817170327_utm_mOm.mag
Smokey Lake, Alberta, Canada L% Candle Lake, Saskatchewan, Canada

AirSWOT Ka-band VV
Incidence Angles 3-27°

High Backscatter

How does vlélnd speed varlablllty and resultant wind- drlven watersurface roughnessnmpact the backscatteredsmnal‘?

How Does Wind Influence Near-Nadir and Low-Incidence Ka-Band Radar
Backscatter and Coherence from Small Inland Water Bodies?

by #2) Jessica V. Fayne 1" B2 and i) Laurence C. Smith 2

Remote Sens. 2023, 15(13), 3361; https://doi.org/10.3390/rs15133361



How does wind impact Ka-band backscatter? Comparison of ERA-5 wind speed (10m) with
observed Ka-band backscatter for ~11,000 lakes (Jessica Fayne)

30-

For the most “SWOT-
like” range of AirSWOT
(~2.8-5.7 degrees, vs.

20-
Incidence Angle

~0.5-4.1 for SWOT), Radians [Degrees]
wind speeds of ~¥3 m/s By 010057
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minima in backscatter B3 0300172
(>10 dB) and n

coherence (>0.75) to

consistently separate
water from land
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(Fayne & Smith, 2023)



How does wind impact Ka-band backscatter? Comparison of ERA-5 wind speed (10m) with
observed Ka-band backscatter for ~11,000 lakes (Jessica Fayne)
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How does wind impact Ka-band backscatter? Comparison of ERA-5 wind speed (10m) with
observed Ka-band backscatter for ~11,000 lakes (Jessica Fayne)
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The mean Prior Lakes
Database (PLD) wind
speed globally was
4.03 m/sin 2022.

~75% of PLD lake
areas meet or exceed
the necessary 3 m/s

Wind Speed Over SWOT PLD Lakes [m/s]




Conclusions:

1)

2)

3)

4)

AirSWOT correctly maps regional hydraulic gradients and channel flow directions in a
low-gradient river/wetland complex (Peace-Athabasca Delta, Canada)

Long reach-averaging (at least >10 km) is critical for estimating river slope and flow
direction

AirSWOT identifies avulsion potential of the Athabasca River in the Peace-Athabasca
Delta, a conclusion supported by GNSS and other RS measurements

Dark water is problematic, but wind speeds of >3 m/s are commonplace globally
suggesting it will be a manageable issue for SWOT
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