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Module 5: Advanced technologies 
for environmental management
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The Φ-lab Innovation Hub

•Part of ESA’s Climate Action,
Sustainability and Science
Department
Focused on integrating AI, deep
learning, and machine learning for
real-time environmental
monitoring → ESA’s mission is to
explore and protect the earth
•Efficient analysis of massive
satellite data
Utilizes data from missions like
Copernicus with unprecedented
speed and precision
Key monitoring areas:
•Climate change
•Deforestation
•Sea level rise
•Air quality
•Rapid urbanization
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The Φ-lab Innovation Hub

Advanced capabilities:
•AI detects and analyzes land cover changes to protect forests and biodiversity.
•Edge computing & AI onboard satellites reduce data processing time, enabling faster crisis response (wildfires,
floods, disasters).

Deep learning applications:
•Improve land cover classification and global forest mapping.
•Support continuous deforestation monitoring and ecosystem impact analysis.

Beyond environment:
•Combines satellite data with epidemiological models to predict vector-borne diseases (e.g., dengue).
•Enables rapid, targeted public health interventions to reduce risks and boost community resilience.
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Precision agriculture:
•AI algorithms analyze satellite images to monitor crop health, predict yields, and optimize natural
resource use (water, fertilizers).
•Enhances production efficiency and reduces waste.
•Supports sustainable, profitable farming and addresses global food challenges amid climate change.

Air quality management:
•Φ-lab leverages satellite data (e.g., Sentinel-5P) to monitor pollutants like nitrogen dioxide (NO₂) and
carbon monoxide (CO).
•Provides essential data for air quality policies.
•Supports new economic models to reduce emissions and improve public health.
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Precision agriculture & air quality monitoring
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Open platforms and democratization

Example: Sentinel Hub

Democratizes access to satellite data

Enables:
•Development of new applications
•Commercial solutions
•Competition between startups and large
companies

•Dynamic ecosystem for innovation
•Maximizing technology potential for
environmental sustainability
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Enviromental data more accessible to everyone

CONVERSATIONAL ARTIFICIAL INTELLIGENCE HAS ENORMOUS POTENTIAL TO MAKE ENVIRONMENTAL 
DATA MORE ACCESSIBLE BY ALLOWING USERS TO ASK QUESTIONS IN NATURAL LANGUAGE. 

WHAT TOOLS ARE AVAILABLE AND NEED TO BE DEVELOPED? WHAT ARE THE CHALLENGES TO ACHIEVE 
EFFECTIVE SOLUTIONS AND RELIABLE ANSWERS?
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Enviromental data more accessible to everyone
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AI tools enabling natural language access to data

• LLMs (Large Language Models) and RAG (Retrieval-Augmented Generation)

• Transform how we interact with complex environmental data

Limitations of LLMs
•May produce:

• Inaccurate or
outdated information

• Confusion between
similar terms in
different contexts

•Challenges in specialized or
rapidly evolving domains

Introducing the RAG Framework
•Combines LLMs with external
knowledge sources
•Two main components:

• Retriever: finds relevant info 
from databases/docs

• Generator: produces natural
language responses using 
retrieved info

Benefits of LLM + 
RAG
•More accurate
and context-aware
answers
•Always grounded
in updated,
authoritative
sources
•No need to retrain
the entire model
•Ideal for complex,
dynamic domains 
like environmental 
data
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Challenges of applying LLMs and RAG to environmental 
data

• Data often fragmented and from heterogeneous sources
• Non-standard formats and schemas complicate integration
• Complex, context-specific causal relationships
• Technical language difficult for general-purpose models
• Unstructured and inconsistent data further complicate processing

What’s needed for effective AI solutions?

> Domain-adapted retrievers, using:
•Embedding-based approaches:

• Understand unstructured textual data
•Graph-based approaches:

• Represent spatial/temporal relationships and complex entity links
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Challenges of applying LLMs and RAG to environmental 
data

Improving data quality and acessibility
•Unify and centralize data and documents
•Ensure:

• Well-structured, complete datasets
• Comprehensive, gap-free document corpora

•Result:
• Enhanced retriever performance
• More accurate and faster responses
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Case study
Immagine che contiene testo, schermata, Parallelo, documento

Descrizione generata automaticamente

https://www.quivr.com/
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Case study

https://ragflow.io/
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BREAK




