
C
O

N
C

LU
SI

O
N

RE
SU

LT
S

ST
U

DY
 A

RE
A

 &
 D

L-
M

O
DE

L
C

H
A

LL
EN

G
ES

Q
U

ES
TI

O
N

IN
TR

O
DU

C
TI

O
N

What are Rock Glaciers ?

Why are they interesting?

Automated mapping of rock glaciers can be challenging

Study area – Austrian Alps

DeepLabV3+ ArcGIS Pro

Study area – Austrian Alps

Tongue-shaped bodies of frozen debris that insulate an ice-core or ice-debris mixture. 
They exist in all major mountain ranges where permafrost occurs (Janke & Bolch, 2013).

• Sufficient number and quality of training samples
• Complex geomorphological structure can also be hard for non-experts to identify
• Is the resolution of Sentinel-2 (10m) imagery suitable?

• Rock glacier delineations were taken from the Austrian inventory from Wagner et al. (2023)
• Only active rock glaciers were chosen for training
• Manuel validation of the quality of the training samples

• Ongoing challenge for DL to be used as a reliable detection method for rock glaciers (training samples, complex structure and surface morphology, etc.)
• Higher-resolution imagery and the introduction of additional classes identifying other landscape features improves performance
• Outlook: Further exploitation of different DEM derivates

• DeepLabV3+ model was also used for modelling rock glaciers in Tibet 
(Sun et al., 2024)

• Programmed and applied in Python with TensorFlow
• To understand the impact of resolution, we tested a higher-resolution image 

in ArcGIS Pro using the provided DeepLabV3 model with a ResNet backbone.

Information about the location, extent and characteristics of rock glaciers is important for 
several reasons, for example, for estimating their hydrological significance as water resource 
(e.g., for alpine huts) and assessing the geohazard potential because of rock glacier 
destabilisation due to climate change.

Model performance for different patch sizes 
for the most promising layer combination 
(RGB+Hillshade+Slope) and confusion matrix:

• WorldView image (Patch size 400 *400)
• DeeplabV3 & Resnet 34 Backbone

Reference data

Reference data

Predicted labels

Predicted labels
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Evaluating deep learning approaches for automated 
rock glacier mapping using Earth observation data

CAN WE AUTOMATICALLY MAP ROCK GLACIERS WITH DEEP 
LEARNING USING SENTINEL-2 IMAGES AND DEM DERIVATES?

Model code based on: DeepLabV3-Segmentation/src/model.py at main mukund-ks/DeepLabV3-Segmentation GitHub

Input:

• We tested different patch sizes: 
256*256; 320*320; 400*400

• Image augmentation
• Different input layers:
• RGB (Sentinel-2)
• RGB + Slope
• RGB + Hillshade
• RGB+ Hillshade + Slope
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Model adjustments:

• Backbone: Xception
• Sample weights: 32* foreground
• Loss-function: Combination of Focal 

and Tversky Loss
• Learning rate: Exponential Decay
• Adjust to N channel input:3* Con2D 

layers + DeeplLab V3+

Patch size Binary 
Accuracy Mean IoU Precision Recall F1-Score

256*256 97.83% 49.83% 0.43 0.28 0.34

320*320 99,45% 55.40% 0.64 0.36 0.46

400*400 99.63% 49.58% 0.49 0.3 0.37

Class Value Producer Accuracy User Accuracy

Background 91.6% 92.4%

Rock Glacier 79.2% 77.3%

Class Value Back-
ground

Rock 
Glacier

Total
(Pixels)

User 
Accuracy Kappa

Background 392 8 400 51.17% --

Rock Glacier 374 26 400 76.47% --

Producer Accuracy 98% 6.5% 800 52.25% --

Kappa -- -- -- -- 0.045


