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Intro Slide
Retrogressive Thaw Slumps
• Disturbance in permafrost
• Indicator of degradation
• Impact on multiple systems

Status
• Good knowledge regionally
• Limited knowledge pan-arctic
• A lot of progress lately

Goals
• AI/DL based RTS detection
• Freely accessible data and code
• Panarctic RTS Monitoring
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Schuur & Mack 2018

Oblique aerial image of a large RTS on the Peel 
Plateau, NW Canada, July 2023, Photo I.Nitze



Data and Workflow
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Data
• PlanetScope (3m) + NDVI
• ArcticDEM (rel. Elevation, 

Slope)
• Landsat Trends

Postprocessing
• Model ensemble
• Threshold 

optimization

Figure: Zhou

Model
• DL Models (Unet++)
• Image segmentation

Zhou et al, (2018)

Output
• Vectors of RTS 

footprints
• Rich metadata

• Processing based on Nitze et al., 2021



Results
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• Timeseries of individual 
observations

• Many regions 2021-2023
• Min once per year

• Focus sites with dense
time-series

Automatically extracted RTS footprints, overlaid over SfM DSM of a large RTS on the
Peel Plateau

DEM: July 2023



Visuals and validation
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Adapted from Kokelj, 2023

Our dataset
Single objects



Visuals and validation
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Adapted from Kokelj, 2023

Our dataset
Density
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Validation
• Validation in Siberia

shows good results > 
than other datasets
(F1=0.72)

• More ongoing tests
and fine-tuning

• Good match with
other datasets, too

Our Dataset

Lewkowicz et al, 2024
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Complete coverage 2021-2023
Incomplete coverage 2021-2023

Data Coverage



In the making
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Self supervised learning
• Less training data required

Volumetric Changes
• RTS are 3D features !!!

Additional Data Sources
• Sentinel-2  free data
• Panarctic extent
• Monitoring
• Super-resolution

Heidler, et al., in revision



Data: happy to share, I‘d love to get some feedback

Contact: ingmar.nitze@awi.de

Github: https://github.com/initze/

Code: https://github.com/initze/thaw-slump-segmentation

Training Labels: https://github.com/initze/ML_training_labels

Take home
• EO based panarctic RTS monitoring
• Good results in many regions
• Data will be released soon
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