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Neural Compression for Earth Observation: Why?

https://doi.org/10.1016/j.scitotenv.2023.168584

https://doi.org/10.1016/j.scitotenv.2023.168584


Neural Compression Research: Developments

https://doi.org/10.1109/MGRS.2025.3546527

https://doi.org/10.1109/MGRS.2025.3546527


Neural Compression Research: Landscape

https://doi.org/10.1109/MGRS.2025.3546527

https://doi.org/10.1109/MGRS.2025.3546527


Neural Compression Research: Rationale

https://doi.org/10.1109/MGRS.2025.3546527

https://doi.org/10.1109/MGRS.2025.3546527


Neural Compression for Earth Observation: Workflows



Geospatial Downstream Tasks: A Global Tour



Geospatial Downstream Tasks: Hands-on Data

🤗
https://huggingface.
co/datasets/embed2

scale/SSL4EO-S12-
downstream

Modalities
ÅSentinel 2 (RGB, L1C, L2A)

ÅSentinel 1 (GRD)

Data Specifics
ÅSpatially aligned

ÅTerraMesh subset (without time 

series)

Å4 timestamps x 250k locations

ÅCC BY-4.0 licensed
ÅZARR ZIP optimized storage

https://huggingface.co/datasets/embed2scale/SSL4EO-S12-downstream


Testing Lossy Neural Compression: A Question

It all took off with:

"Let's put (Geospatial) Foundation
Models claiming to generate generic

embeddingsto the test by a CVPR data
challenge.

–
YOU generate 1024 featuresfrom a data

cube7,000x bigger, and WE do not 
disclosethe Earth Observation

downstreamtaskswe benchmark on."



Geospatial Downstream Tasks: Use Cases (beyond 2025 CVPR)

Dataset Spatial

Coverage

Temporal 

Coverage

Years

Labelled

number of

samples

number of

downstream

tasks

landcover Europe 2018 2018 4691 2

biomass global 2019 2019 2415 2

crops US Corn Belt 2022 2022 3355 1

heatisland Northern 

Hemisphere

2022 2021 ï2024 1659 2

random global 2018 ï2020 N/A 1140 1

clouds global 2018 ï2020 2018 ï2020 1140 1

ships US Coast 2020 ï2024 2020 ï2024 3999 2

nodata global 2018 ï2024 2018 ï2024 13260 1
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Geospatial Downstream Tasks: Land Cover

regression task: percentage of agriculture and forest pixels in scene, respectively

label source: CORINE (Copernicus)

Sentinel-2 RGB of sample scene



Geospatial Downstream Tasks: Biomass

regression task: mean and standard deviation statistics of biomass in scene

Sentinel-2 RGB of sample scene

label source: GEDI (NASA)



Geospatial Downstream Tasks: Crops

regression task: combined fraction of Soybean and Corn in scene

Sentinel-2 RGB of sample scene

label source: CDL (USDA)



Geospatial Downstream Tasks: Heat Islands

regression task: summer surface temperature statistics of scene

Sentinel-2 RGB of sample scene

label source: Landsat-8 (USGS)



Geospatial Downstream Tasks: Clouds (beyond 2025 CVPR)

Sentinel-2 RGB of sample scene

label source: CloudSEN12

regression task: average cloud cover fraction across four seasons of a year.
note: the random task simply replaces proper cloud fraction labels by a random number in [0,1]



Geospatial Downstream Tasks: Ships (beyond 2025 CVPR)

regression task: pixel location of ship centroid in image
classification task: vessel detection in scene

Sentinel-2 RGB of sample scene

label source: AIS (NOAA)



Geospatial Downstream Tasks: No Data (beyond 2025 CVPR)

Sentinel-2 RGB of sample scene

label source: artificially generated

regression task: fraction of no-data pixels in SSL4EO-S12 data cube



Testing Lossy Neural Compression: A Score

p … identifier for benchmark participant / neural compression method
t … downstream task label
k … index counting re-training of a downstream task t to gather statistics

Maxium Q-score:
Regulatorұ& Statistics ȹs:



E2S Data Challenge: Setup



E2S Data Challenge: The Race is On



E2S Data Challenge: Results & Insights



E2S Data Challenge: Results & Insights



What's Next?: NeuCo-Bench Release

https://github.co
m/embed2scale/
NeuCo-Bench

(Extendable) Design Choices (for now)

1. Multi-Task evaluation instead of (single task) reconstruction
2. Strict, fixed-sized compression given through limited embedding size (lossy 

compression)
3. Lightweight downstream task models through linear probing
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https://github.com/embed2scale/NeuCo-Bench


NeuCo-Bench: Interactive Session

🤗 Workflow [Demo]

A. Data Download 
B. Data Encoding (Compression)

-> Save embeddings as csv

C. Local NeuCo-Bench Evaluation -> 
Per-task and summary metrics,opt. plots 
saved

D. Local Score Aggregation/ Leaderboard 
across methods



What's Next? Join the Earth2Vec Community!

Join monthly community calls & 
Slack channel (email request)



Q&A + Feedback + Resources

2025 CVPR data challenge:
https://www.grss-ieee.org/events/earthvision-2025/?tab=challenge

NeuCo-Bench framework:
https://github.com/embed2scale/NeuCo-Bench

downstream data:
https://huggingface.co/datasets/embed2scale/SSL4EO-S12-downstream

in general:
https://embed2scale.eu

https://www.grss-ieee.org/events/earthvision-2025/?tab=challenge
https://github.com/embed2scale/NeuCo-Bench
https://huggingface.co/datasets/embed2scale/SSL4EO-S12-downstream
https://embed2scale.eu/


Over to the E2S Challenge winners ...

404 Embedding Not FoundKTH and Friends

https://eval.ai/web/challenges/challenge-page/2465/leaderboard/6117 https://github.com/DLR-MF-DAS/embed2scale-challenge-supplement

and

https://eval.ai/web/challenges/challenge-page/2465/leaderboard/6117
https://github.com/DLR-MF-DAS/embed2scale-challenge-supplement?tab=readme-ov-file#leaderboard


One last:

https://github.com/isaaccorley/temporal-mosaiks

AI4G Intern Squad

https://github.com/isaaccorley/temporal-mosaiks

