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A picture is worth a thousand words:

➔ Language is a compressed representation of reality:
◆ Efficient but lossy encoding of concepts
◆ Enables DL models to learn more abstract 

representations and converge faster

➔ Sensory experience is crucial for world understanding:
◆ Language alone misses vital physical world 

knowledge

Earth from Space: Adriatic bloom
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Limitations of Existing Datasets
● RS-tailored image-text paired datasets:

○ Often small-scale, manually annotated (costly, slow).
○ Focus on specific resolutions (often VHR/Aerial) or limited modalities.
○ Recent large-scale datasets may lack caption detail or diversity (e.g., class-label 

derived).

Living Planet Symposium 2025



text

ESA-NASA International Workshop on AI Foundation Model for EO

Limitations of Existing Datasets
● Web-Scraped Data (e.g., LAION-EO [1]):

○ Contain RS images, but exposure is incidental and superficial.
○ Captions are often noisy, generic (date/location), lacking scientific detail.

[1] Czerkawski, Mikolaj, and Alistair Francis. "From LAION-5B to LAION-EO: Filtering billions of images using 
anchor datasets for satellite image extraction." arXiv preprint arXiv:2309.15535 (2023).
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Introducing GAIA
● Scale: ~41,030 unique RS images featuring 5 diverse, 

synthetic captions per image (205,150 image-text pairs) 
in addition to the original alt-text caption and metadata.

● Thematic Focus: Encompasses phenomena covering all 
five major Earth spheres.

● Novelty: Minimal overlap (<3%) with existing web-crawled 
datasets.
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GAIA Construction Pipeline
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GAIA Construction Pipeline
● Oil slicks prominently visible in San Francisco Bay, captured using radar imagery. The 

oil is seen as dark areas, contrasting with brighter land and rougher water surfaces 
due to reduced surface tension caused by the spill.

● Spread of oil north and west in San Francisco Bay, encircling Angel Island. Smooth, 
dark patches on the water indicate oil presence, visible in radar imagery due to its 
ability to detect textural differences.

● A significant oil spill extending from San Francisco Bay into the Pacific Ocean. Long 
ribbons of oil south of the Bay Bridge are visible, illustrating the impact of tidal 
movements on oil dispersion.

● Environmental impact on marine habitats, with oil spreading over 30 kilometers of 
shoreline. Radar imagery reveals smoother water surfaces where oil is present, 
affecting nearby wildlife and ecosystems.

● Radar detection of oil slicks near urban areas and natural reserves. The contrast 
between oil-darkened water and brighter urban land highlights the spill's extent and 
the ongoing clean-up efforts visible through ships in the bay.

Alt-text: November 12, 2007 Synthetic captions:
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GAIA Characteristics: Spatial Distribution
● Spatial:

○ Global coverage, including frequently underrepresented areas.
○ Stratified train/test/validation splits maintain spatial and temporal distribution.
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GAIA Characteristics: Temporal Distribution
● Temporal:

○ Spans >25 years (1998-2024).
○ Relatively uniform monthly distribution, capturing seasonality.
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GAIA Characteristics: Sensors, Modalities, Resolutions

● >120 satellite missions included
● Supports image analysis at various scales
● Diverse modalities RGB composites
●
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GAIA Characteristics: Textual Richness
● Alt-Text vs. Synthetic Captions:

○ Vocabulary: Synthetic significantly larger (28.7k vs 
16.1k).

○ Length: Synthetic captions are much longer on average 
(36.5 vs 9.6 words/caption) and more consistent.

○ Total Words: Massive increase (7.5M vs 394k).
○ Sentences: More complex structure (1.87 vs 1.05 

sentences/caption avg).

● Synthetic Captions:
○ Moderate Semantic Diversity: 0.2842 (SBERT)
○ High Lexical Diversity: 74.67 (MTLD), 0.7746 (HD-D)
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Results: Image Captioning (BLIP2)
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Results: Image Captioning (BLIP2)
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Contributions & Future Work
● Contributions:

○ GAIA Dataset
○ Automated Annotation Framework
○ Pre-trained models weights and baseline metrics

● Future Directions:
○ Scale-up dataset
○ Enhance annotations
○ Add complementary modalities
○ Use more sophisticated VLM architectures
○ Broader Evaluation
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Questions?

Thank You!
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