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PASSION FOR INNOVATION

A Pan-European Multi-Seasonal Land Cover Mapping Model

Marco Galatola, Edoardo Arnaudo, Claudio Rossi
AI Data & Space, Fondazione LINKS, Torino, Italy

« Sentinel-2 multispectral imagery (2018, 10m resolution)
« Urban Atlas land cover annotations (pan-European)
- High Resolution Layers for label refinement and disambiguation

Land cover mapping essential for environmental monitoring and
other tasks (e.g., wildfire fuel maps).

 Manual annotation: time-consuming, expensive, not scalable
 Need for automated, large-scale solutions using satellite imagery.

 Need for robustness to locations and seasonality changes.

Objective: Develop a robust pan-European land cover model
using multi-seasonal Sentinel-2 data.

Class mapping Filtering through HRL

Dataset

Spatial Coverage:
« 749 European cities across diverse climatic zones

B Train

Sl 1 Validation

B Test

Temporal Coverage:

 Multi-seasonal acquisitions
Autumn, Winter)

« Each season as cloudless mosaic over months

(Spring, Summer,

Dataset Statistics: R e 0 LR

+ Training: 56% (425 cities - 3025 tiles) - s et -
» Validation: 14% (123 cities - 756 tiles) BARCUE ¥ R ORI, SN
« Test: 30% (201 cities — 1620 tiles) AR P T Ol - .,-...-" i

- 10m pixel resolution e £ s i

« 10 Sentinel-2 spectral bands

Land Cover Classes: ] = e

A total of 10 land cover classes, with focus on fuel o]

maps for wildfires: Roads, Urban, Bare Surfaces, 2 200 | mm e

Wetlands, Water, Grassland, Agricultural, Broadleaved froeg =

Forest, Coniferous Forest, Shrubs.

Models Evaluated:
« U-Net, SegFormer, UPerNet with different encoders
 Encoders: resnet-50, MiT-B5, ConvNext

Training Strategy:

» (City-based dataset splitting for geographical generalization
« Multi-seasonal input integration (random season selection)

Benchmark results on validation and test sets (average on every tile,
regardless of the seasonality):

Validation
Model F1 mIoU F1 mIoU
UNet (RN50) h3.34 46.62 h9.48 43.03
UPerNet (RN58) 60.23 46.96 64.61 51.089
SegFormer (MiT-B5) 65.53 h7 .08 66.12 h7 .85
UPerNet (ConvNext-L) 65.12 b1.77 65.85 he. 1]
UPerNet (ConvNext-XL) 65.46 52.34 66.26 53.29

Left to right: Sentinel-2 image, UPerNet ConvNext-XL prediction, ground truth.

Conclusions

Multi-seasonal dataset enhances model robustness:

» (City-based splitting ensures geographic generalization
» High accuracy for automated pan-European mapping
Future Directions:

Including test-time seasonal augmentation: we average the logits
across all seasons. We report the obtained results and the increment
w.r.t. seasonality-independent results.

UPerNet
) (ConvNext-
XL)

UPerNet
(RN50)

UPerNet
(ConvNext-L

SegFormer

(MiT-B5)

H9.4] 66.13 67.59 66.71 6/.24 . : : : :
F (-8.91) (+1.52) (+1.47) (+0.86) (+8.98) - Temporal extension (use a time series of images as input)
« Include additional sources (satellites, modalities)
mIoU 48.97 02,41 0%. 93 03. 34 9%.29  Benchmark remote sensing Foundation Models
(+0.06) (+1.38) (+1.18) (+9.57) (+0.91) 9
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