Using Deep Learning to Advance Global Monitoring of Retrogressive
Thaw Slumps at High Spatio-Temporal Resolution
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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

Schuur & Mack 2018

Goals

* Al/DL based RTS detection

* Freely accessible data and code
« Panarctic RTS Monitoring
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Data and Workflow

Data Model Postprocessing Output

+ Flanefscope (3m)+NDVI . b Models (Unet++)  + Model ensemble - Vectors of RTS
. ?Igcglec)DEM rel. levation, « Image segmentation + Threshold footprints

. Landsat Trends optimization » Rich metadata

Down-sampling
Up-sampling
Skip connection

* Convolution

* 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



Visuals and validation

|Olefeldt et al. 2016
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Publication datasets
RTS - TMC Olefeldt et al. 2016 O'Neill et al. 2022}
RTS count Hilisiope thermokarst o1t ice content
landscape coverage
—1 None None None
1 Low Negligible/Low
200 Km 2-10 Moderate Moderate
B | >10 High/Very High High

Adapted from Kokelj, 2023
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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

1,00

Validation of RTS in Southern Taymyr

1,00

Our Dataset

O Lewkowicz et al, 2024




Data Coverage

Complete coverage 2021-2023
- Incomplete coverage 2021-2023




INn the making

Self supervised learning

Less training data required

Additional Data Sources

Sentinel-2 - free data
Panarctic extent
Monitoring
Super-resolution

Volumetric Changes

RTS are 3D features !




Take home
==~ * FEO based panarctic RTS moniforing
s . Good results in many regions
« Data will be released soon

. Data: happy to share, I'd love to get some feedback —

Presenting land surface changes through the
web-based Arctic Landscape EXplorer (ALEX) to

.":, | Co ntq Ci: I N q mar.n | Tze @ OW' . d o 2 permafrost communities — a permafrost service

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

Tillmanmn Lobker, ingmar Nitze, Sebastian Laboor, Anna Imgang, Hugues Lantuit, Guido Grosse
Alfred Wegener Institute Helmhoitz Centre for Polar and Marine Research

Code: https://qithub.com/initze/thaw-slump-segmentation
Wed Posters

alex.awi.de

Training Labels: hitps://qgithub.com/initze/ML training labels



mailto:ingmar.nitze@awi.de
https://github.com/initze/
https://github.com/initze/thaw-slump-segmentation
https://github.com/initze/ML_training_labels

Thank You
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