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Peace-Athabasca Delta (PAD)

PAD

- RAMSAR Wetland of International 
Importance

- UNESCO World Heritage Site

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

AirSWOT flight campaigns (2017)
https://doi.org/10.3334/ORNLDAAC/1646



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



AirSWOT flights 
(July & Aug. 2017)



AirSWOT flights 
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Field GNSS surveys 
(2018, 2019)
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Inferred flow direction from 
AirSWOT WSE mapping (dh/dx)
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Summer (July + August)

Reach-averaging of noisy InSAR data is critical for WSS estimation
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Remote sensing of avulsion potential?

Athabasca River



?

Athabasca River

Embarras-Mamawi 
distributary (opened 1982)

Remote sensing of avulsion potential?



Athabasca R.

Embarras-
Mamawi

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

(Smith, Fayne, Wang et al., in revision)



Athabasca R.

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

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

(Smith, Fayne, Wang et al., in revision)

Embarras-
Mamawi



Thank you for your time!

Current main channel
?

(Wang et al., WRR, 2023)

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

A slow avulsion of the Athabasca River is indeed underway! 



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)



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)

(Fayne & Smith, 2023)

For the most “SWOT-
like” range of AirSWOT  
(~2.8-5.7 degrees, vs.  
~0.5-4.1 for SWOT), 
wind speeds of ~3 m/s 
or higher are needed 
to achieve necessary 
minima in backscatter 
(>10 dB) and 
coherence (>0.75) to 
consistently separate 
water from land
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The mean Prior Lakes 
Database (PLD) wind 
speed globally was 
4.03 m/s in 2022.

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

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

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

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

4) 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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