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ESA’s Earth Observation Missions
Satellites: Heritage 08 / Operational 16 / Developing 40 / Preparing 22 / Total 86

Tango

NanoMagSat

World-class Earth 
Observation systems 

developed with 
European and global 
partners to address 
scientific & societal 

challenges

Presenter-Notizen
Präsentationsnotizen
HERITAGE MISSIONS
7 Missions/8 Satellites:
Earth Explorers+ (5M/6S)
1 GOCE
1 Aeolus
2 ERS (ERS-1/2)
1 Envisat
1 Proba-1

Earth Watch (1M/1S)
1 Proba-V

Sentinels (1M/1S)
1 Sentinel-1 (S1-B)












Met Missions (2M/8S) (EUMETSAT managed so not counted in total)
7 Meteosat (#1-7)
1 Meteosat SG (#8)
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What is Big Data?

How large?
~ PB

Extremely large and complex datasets that traditional systems cannot handle. 
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What is Big Data?

How large?
~ PB

How complex?
Diverse collections of structured and unstructured data 

Copernicus Programme data: 45.51 PB end of 2023

Extremely large and complex datasets that traditional systems cannot handle. 



5

What is Big Data?
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What is Big Data?

Extremely large and complex datasets that traditional systems cannot handle. 

What tools and technologies are suitable for Big Data?

Data Storage & 
Access

Processing 
Frameworks

Platforms & 
Infrastructure

Analytics & 
Workflows Visualisation Tools AI / ML for Big 

(EO) Data
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Data Storage & Access

Systems that allow fast and effective data access and analysis

• Cloud object storage (s3): S3 is an object storage service with which you can 

retrieve data over HTTPS using REST API.

• Copernicus Data Space Ecosytem offers S3 API as one of the main access methods 
for EO data. It is suitable for Third Party applications that require high-performance 
parallel access and scalability. Moreover, any user who wants to connect from an 
external infrastructure to the Copernicus Data Space Ecosystem collection can do so 
through the S3 protocol.

• https://documentation.dataspace.copernicus.eu/APIs/S3.html

https://documentation.dataspace.copernicus.eu/APIs/S3.html
https://documentation.dataspace.copernicus.eu/APIs/S3.html
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Data Storage & Access

Systems that allow fast and effective data access and analysis

• Cloud object storage (s3): S3 is an object storage service with which you can 

retrieve data over HTTPS using REST API.

• Copernicus Data Space Ecosystem (CDSE) offers S3 API as one of the main access methods 
for EO data. It is suitable for Third Party applications that require high-performance parallel 
access and scalability. Moreover, any user who wants to connect from an external 
infrastructure to the Copernicus Data Space Ecosystem collection can do so through the S3 
protocol.

• https://documentation.dataspace.copernicus.eu/APIs/S3.html

https://documentation.dataspace.copernicus.eu/APIs/S3.html
https://documentation.dataspace.copernicus.eu/APIs/S3.html
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Data Storage & Access

Systems that allow fast and effective data access and analysis

• File formats optimized for Earth Observation:
• Cloud-optimized Geotiff (COG) : fast acess to raster data
• ZARR/NetCDF/HDF5 : multi-dimensional arrays for time series and climate 

models

• Catalogues & APIs 
• STAC (spatio-temporal assets catalogue): FAIR metadata for datasets
• OGC API (Features, Coverages, Records, Processes) : standardized data 

discovery and access
• openEO API: unified interface to run the same analysis code across different 

EO backends (Euro Data Cube, Wekeo, GEE, etc.)
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Sentinel Data in Cloud optimized format

An initiative to futureproof data from Copernicus Sentinel satellites missions by adopting a common, cloud-native and interoperable solution

https://zarr.eopf.copernicus.eu/ 

https://zarr.eopf.copernicus.eu/
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Processing Frameworks

EO Datasets are too large for a single machine, so distributed & parallel 
computing is needed

• Apache Spark / Dask : scalable data analytics on clusters
• Hadoop (older , less used now for EO)
• Flink / Kafka : real-time streaming, useful for near-real-time EO data, e.g. disasters
• GPU acceleration: CUDA, Tensorflow, pyTorch for AI on satellite imgery
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Platforms & Infrastructures

There is a growing ecosystem of cloud-based platforms for EO, some for 
general purpose, other specialised for applications. Federated approaches are 

emerging

• EU: Copernicus Data Space Ecosystem, Wekeo, 
DestinE, 
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Platforms & Infrastructures

There is a growing ecosystem of cloud-based platforms for EO, some for 
general purpose, other specialised for applications. Federated approaches are 

emerging

• EU: Copernicus Data Space Ecosystem, Wekeo, 
DestinE, 

• ESA: Euro Data Cube, Earth System Data Lab, 
openEO Platform, Geohazards TEP, MAAP, etc.
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Platforms & Infrastructures

There is a growing ecosystem of cloud-based platforms for EO, some for 
general purpose, other specialised for applications. 

Federated approaches are emerging

• EU: Copernicus Data Space Ecosystem, Wekeo, 
DestinE, 

• ESA: Euro Data Cube, Earth System Data Lab, 
openEO Platform, Geohazards TEP, MAAP, etc.

• Globally: NASA EarthData, MAAP, JAXA G-Portal

• Community frameworks: Pangeo (xarray + 
Dask + Jupyter for EO)
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Analysis & Workflow Tools

EO Datasets are massive, so tools must support scalable geospatial analyses, 
and automation of workflows

• Geospatial Libraries: 
• Xarray : handles labeled multi-dimensional arrays (time, latitude, longitude, bands)
• Dask: parallel & distributed computation, works with xarray to scale from laptop to 

cloud/cluster
• Rasterio: reads/writes raster data (GeoTIFF, COG)
• GeoPandas: extends Pandas to handle vector geospatial data (shapes, regions)
• GDAL: core geospatial processing library (almost every EO tool depends on it!)

• APIs: openEO API, OGC API Processes

• Interactive Analysis Environments: e.g. Jupyter Notebooks/ Jupyter Hub – 
standard environment for EO Big Data exploration. 
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Visualisation & Exploration

Tools to see, interact with and understand EO Big Data after it has been 
processed, used by scientists, decision-makers, and general public

• Notebook based interactive visualization
• QGIS for Jupyter: run QGIS algorithms and 

visualization inside a notebook
Evolution of the QGIS open-source project (robust tools 
for spatial data analysis and visualization): enhanced 
collaboration and accessibility, and a shift towards web-
based technologies
JupyterGIS, a web-based, collaborative, and extensible 

interface for GIS, leveraging the JupyterLab application 
framework and integrating seamlessly with the Jupyter 
notebook interface.

https://blog.jupyter.org/real-time-collaboration-and-collaborative-
editing-for-gis-workflows-with-jupyter-and-qgis-d25dbe2832a6 

https://github.com/geojupyter/jupytergis
https://blog.jupyter.org/real-time-collaboration-and-collaborative-editing-for-gis-workflows-with-jupyter-and-qgis-d25dbe2832a6
https://blog.jupyter.org/real-time-collaboration-and-collaborative-editing-for-gis-workflows-with-jupyter-and-qgis-d25dbe2832a6
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Visualisation & Exploration

Tools to see, interact with and understand EO Big Data after it has been 
processed, used by scientists, decision-makers, and general public

• Web-based EO Exploration tools (explore global-scale data without download)
• Copernicus Browser (Sentinel Hub): explore Sentinel data on the fly, compute indices and time series
• Xcube viewer: explore and visualize EO data cubes (zarr, xcube)  integrates also with Jupyter
• Lexcube: interactive 3D EO data cube viewer  integrates also with Jupyter
• EODASH.org : customizable EO data visualization through a series of configurable widgets

• Web formats: Leaflet, CesiumJS: to build interactive EO apps

• Dashboards and storytelling: bridging science, policy and citizens
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Visualisation & Exploration

Tools to see, interact with and understand EO Big Data after it has been 
processed, used by scientists, decision-makers, and general public

• Web-based EO Exploration tools (explore 
global-scale data without download)

• Lexcube: interactive 3D EO data cube viewer  
integrates also with Jupyter

https://www.lexcube.org/ 

https://www.lexcube.org/
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Visualisation & Exploration Eodashboard.org
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AI / ML for EO Big Data 

Fast evolving, as the applications mature and the underlying technology 
matures. Machine Learning, Deep Learning and Foundation Models are 

widely used to extract knowledge from EO at scale

• Traditional Machine Leaning: 
• Random Forests / Gradient Boosting, SVM (Support Vector Machines), Clustering (e.g. k-Means) : 

mostly classification tasks, e.g. crop type mapping
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AI / ML for EO Big Data 

Example: 
ESA’s WorldCover land 
cover product (first 
released at 10 m resolution 
in 2020 and updated in 
2021/2023) is based on 
Sentinel-1 and Sentinel-2 
data. 

For the classification step, 
the team used an 
ensemble of machine 
learning classifiers based 
on Random Forests (RF).
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AI / ML for EO Big Data 

Fast evolving, as the applications mature and the underlying technology 
matures. Machine Learning, Deep Learning and Foundation Models are 

widely used to extract knowledge from EO at scale

• Deep Learning for EO
• CNNs (Convolutional Neural Networks): used for object detection (e.g. ships, buildings), 

segmentation (e.g. floods, deforestation)
• Transformers: image classification, multi-sensor fusion, spatio-temporal modelling
• Generative Models: super-resolution, gap-filling, synthetic EO data generation
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AI / ML for EO Big Data 

Example: 
Sentinel-1 and AI reveal 75% of global 
fishing vessels not tracked
Use of CNNs for different tasks:
• Vessel detection + length estimation
• Infrastructure classification 

(classifying detected offshore fixed 
infrastructure into categories (e.g. oil 
infrastructure, wind infrastructure, 
other) 

• Fishing vs non-fishing vessel 
classification (uses 
contextual/environmental information 
to decide whether a vessel is fishing or 
not. 

https://www.nature.com/articles/s41586-023-06825-8 

https://www.nature.com/articles/s41586-023-06825-8
https://www.nature.com/articles/s41586-023-06825-8
https://www.nature.com/articles/s41586-023-06825-8
https://www.nature.com/articles/s41586-023-06825-8
https://www.nature.com/articles/s41586-023-06825-8
https://www.nature.com/articles/s41586-023-06825-8
https://www.nature.com/articles/s41586-023-06825-8
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AI / ML for EO Big Data 

Fast evolving, as the applications mature and the underlying technology 
matures. Machine Learning, Deep Learning and Foundation Models are 

widely used to extract knowledge from EO at scale

Foundation Models for EO: pre-train once, fine-tune for many EO tasks

• NASA Prithvi : vision transformer trained on multi-sensor EO data
• Copernicus FM: development for Copernicus Sentinels data
• ESA’s TerraMind best performing generative AI model for Earth observation
• Climate-FM and Geo-FMs: bridge EO and Earth System Models
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AI / ML for EO Big Data 

Overview of TerraMind, first any-to-any generative large scale multimodal model
IBM and ESA have released TerraMind, a new earth-observation model that the group has open-sourced on Hugging Face. It was pre-
trained on TerraMesh, the largest geospatial data set available, built by researchers as part of the TerraMind project.

In practice, to predict the 
risk of water scarcity, 
researchers need to 
consider many different 
factors like land use, 
climate, vegetation, 
agricultural activities, and 
location. Before 
TerraMind, all of this data 
was locked away in 
separate places. Bringing 
this information together 
enables users to predict 
the potential risk of water 
scarcity informed by a 
larger, more accurate 
picture of conditions on 
Earth.

https://arxiv.org/pdf/2504.11171
https://huggingface.co/ibm-esa-geospatial
https://arxiv.org/abs/2504.11172
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Embeddings – AI ready data
• Vector embeddings of Sentinel-1/2 fragments, aligned to a common grid (~10 km cells)
• Generated with self-supervised / foundation models
• ~62 TB raw data processe
• Stored as GeoParquet, aligned spatially and temporally

Embeddings sit between Foundation Models (producing them) and Analysis & 
Exploration (consuming them). 
They are a bridge that make PB EO archives usable for ML at global scale. 
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AI / ML for EO Big Data 

2025 ESA–NASA International Workshop on AI Foundation Models for EO

Nicolas Longepe, Hamed Alemohammad, Anca Anghelea, et al. Earth Action in Transition: Highlights from the 2025 ESA-NASA 
International Workshop on AI Foundation Models for EO. Authorea. July 25, 2025. DOI: 10.22541/au.175346055.53428479/v1 
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Why do we need Big Data in EO? 

“to increase the collective understanding of 
our evolving planet and the development 

of actionable information in tackling 
serious global environmental issues and 

the resulting challenges.”

 Solve complex problems

 Fast & actionable

 Interdisciplinary  Interoperable

ESA Earth Observation Science Strategy, October 
2024, https://doi.org/10.5281/zenodo.13819557

https://doi.org/10.5281/zenodo.13819557
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Value Chain

Source: Euroconsult

https://www.euroconsult-ec.com/press-release/value-of-space-economy-reaches-424-billion-in-2022-despite-new-unforeseen-investment-concerns-2/
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Source: Euroconsult

Downstream EO:

o Commercial data sales (38%)

o Value-added services (62%)

Presenter-Notizen
Präsentationsnotizen
Considering Earth Observation, the downstream value consists of revenues from commercial data sales (including data acquisition and basic preprocessing) which accounts for 38% of the EO downstream value, as well as revenues from value-added services (from advanced calibration to analytics), representing 62% of the total EO downstream value in 202446. 


https://www.euroconsult-ec.com/press-release/value-of-space-economy-reaches-424-billion-in-2022-despite-new-unforeseen-investment-concerns-2/
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Digital Innovation Value

Source: Euroconsult

https://philab.esa.int/wp-content/themes/philab-phi-theme-child/commeo-temp/presentations/REVILLON.pdf
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A bold vision

Presenter-Notizen
Präsentationsnotizen
We set a bold vision for Open Science 
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EarthCODE Vision

EarthCODE empowers scientists to adopt FAIR and Open 
Science, when conducting research on integrated cloud 
environments or on a different infrastructure of their 

choice (e.g.. national infrastructures). 

It grows the impact of FAIR scientific data and methods by 
providing a hub for dissemination and collaboration.

It supports Earth Action, accelerating scientific discovery 
by maximizing reuse and reproducibility of FAIR and Open 

Earth science data and methods.
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EarthCODE aims to bridge the gap

earthcode.esa.int
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EarthCODE aims to make FAIR easy for scientists

Making ESA Projects’ outputs widely useable is possible 
if FAIR & Open is practiced by the community

EarthCODE offers:

 The tools
 The means
 The training
 The support

 …for science teams to do FAIR & Open Science

Presenter-Notizen
Präsentationsnotizen
We focus on FAIR and Open Science to increase the visibility and usability of scientific outputs. This is achieved through tools like dashboards and visualizations, as well as by linking data, methods, and papers for transparency and long-term accessibility with standardized procedures.
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What is EarthCODE?
A strategic ESA initiative that develops technology for scientists to:

 Adopt FAIR and Open Science: 
 Ensure their developed scientific workflows are FAIR
 Ensure their produced datasets are FAIR

 Publish their research safely for the long-term in an ESA repository (ESA PRR)

 Get ESA-sponsored access to cloud computing platforms 

 Discover and reuse each other's research (ethically)
 Collaborate on research

 Learn Open Science practices

Presenter-Notizen
Präsentationsnotizen
EarthCODE is a new ESA kicked off during spring last year. EarthCODE stands for Earth Science Collaborative Open Development Environment and has been thought as an initiative to support ESA Science research communities in adopting FAIR and Open Science and to put these principles in practice. As a result their scientific outputs will be FAIR, Open, and long-term discoverable and reusable.  As a research outputs we refer to data, but also their metadata, software, methods, algorithms and documentation related to that data. 
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PUBLISH DATA and WORKFLOWS 

(metadata)

How does it work?

EarthCODE Portal
earthcode.esa.int          

Integrated 
Platforms

Open Science 
Catalogue

EarthCODE Forum

1. CDSE openEO

2. Euro Data Cube

3. DeepESDL

4. Polar –TEP

5. Geohazards-TEP

6. Insula

+ more upcoming

STAC based catalogue to 

discover Data and 

Workflows

Community forum linked to 

the products in the 

catalogue

ESA PRR 
Repository

Storage on ESA Infrastructure

STORE 

DATA and 

WORKFLOWS

DISCUSS DATA and WORKFLOWS
NoR

Own computer / 

institutional infrastructure
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EarthCODE Roadmap

2024 2025 2025-2026 2026-2028 Beyond 2028

Engagement with 
National Infrastructures
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Documentation & Examples

https://esa-earthcode.github.io/documentation/ https://esa-earthcode.github.io/examples/ 

https://esa-earthcode.github.io/documentation/
https://esa-earthcode.github.io/documentation/
https://esa-earthcode.github.io/documentation/
https://esa-earthcode.github.io/examples/
https://esa-earthcode.github.io/examples/
https://esa-earthcode.github.io/examples/
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Integrated platforms (selection)

https://dataspace.copernicus.eu/analyse/openeohttps://eurodatacube.com/ https://www.earthsystemdatalab.net/https://polartep.hub.eox.at/

Presenter-Notizen
Präsentationsnotizen
Which capabilities each platform offers? (table or short overview)
Link to data collections 
Import their own data. Is that possible? 
Timeline for readiness for publishing into Open Science Data Catalogue
Supported types of programmig languages and workflows. 
Working examples if any, or any supported ESA projects 
How can I decide which one to work with? E.g.: 
EO data collections available
Type of supported workflows 
Type of supported languages.
Possessed knowledge and familiarity with one or another platform. 
Can I work on EarthCODE locally (using my own software / tools?) - not in the cloud?

https://dataspace.copernicus.eu/analyse/openeo
https://eurodatacube.com/
https://www.earthsystemdatalab.net/
https://polartep.hub.eox.at/
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Fig: Mahecha, Gans et al. (2022) 
https://doi.org/10.5194/esd-11-201-2020

DeepESDL (Earth System Data Lab)
an AI-ready, Open Platform for research 

and collaboration in Earth Sciences

EarthSystemDataLab.net

Taking a closer look at a platform example
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DeepESDL

An open-source virtual Laboratory for Earth 
System Sciences with ...
● analysis-ready data cubes composed of 

multiple sources
● scientific computing facilities for exploratory 

analytics
● example workflows
● Machine learning tools

…to support Open Earth System Science:
● Reproducible workflows
● Collaborative tools 
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Scalable Computing

• Python and Julia
• Jupyter Hub Profile for each scientific team
• Shared team resources, e.g. team s3 cloud

storage
• Access to Machine Learning tools i.e. MLflow
• Each team member has own workspace
• Easy sharing of data or jupyter notebooks

between team members
• Scalable compute resources

Presenter-Notizen
Präsentationsnotizen
This Ola's and Pedro's JupyterLab Profile. 
They have separate workspaces, but they share a cube cloud storage and the computational resources

This is where Ola and Pedro found some example notebooks to get started using the DeepESDL JupyterHub. 
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Präsentationsnotizen
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FAIR Data  visualisation-ready data
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FAIR Data  visualisation-ready data
• Lexcube - 3D Viewer of datacubes
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DeepESDL
DeepESDL is platform providing analysis-ready data cubes in a powerful, virtual laboratory to the Earth Science research community. 

https://deep.earthsystemdatalab.net 

 Data Access -->  on-the-fly access to datasets via the xcube data stores framework
o Other analysis-ready and persisted data in object storage for fastest access: including Hydrology-4D & ESA CCI permafrost data
o Flexibility to import own datasets (e.g. supports data conversion from zenodo)

 Versatile tools --> supports Python and Jupyter Notebooks as its default workflow

 ESA Projects support: EO4HealthResilience, 
DeepExtremes, DeepFeatures, BalticAIMS and more..

 Integration with EarthCODE: 

• Publish your workflows, experiments and 
data through deep-code

• Xrlint allowing datacubes validation before 
publishing! 

https://deep.earthsystemdatalab.net/
https://deep.earthsystemdatalab.net/
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DeepESDL Publisher

https://www.earthsystemdatalab.net/

https://www.earthsystemdatalab.net/
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FAIR Data
https://Opensciencedata.esa.int
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Discovering and using the data in a FAIR workflow
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Examples | SeasFIRE Cube

Available on DeepESDL Viewer: https://viewer.earthsystemdatalab.net/ 

FAIR and visualization-ready data 

https://viewer.earthsystemdatalab.net/
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ESA Sponsorship for cloud resources
 Projects onboarded to EarthCODE: 

 Have their NoR sponsorship requests managed by EarthCODE
 Have a guaranteed* allocation of NoR budget

NoR = Network of Resources
A portfolio of platform services for data access and computing resources for which ESA offers sponsored use 
(only for non-commercial use)
 

• NoR Website: https://nor-discover.org/ 

• NoR Portfolio: https://portfolio.nor-discover.org 

Approval of your proposal is usually less than 1 week!

* Priority is for integrated platforms and within available budget

NoR

https://nor-discover.org/
https://nor-discover.org/
https://nor-discover.org/
https://portfolio.nor-discover.org/
https://portfolio.nor-discover.org/
https://portfolio.nor-discover.org/
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Getting started with Platforms
o ESA sponsors training on a large number of platforms available on the Network of Resources portfolio

o Open access webinars: https://nor-discover.org/en/outreach/#webinars
o  On-demand training, on site and online for beginner to advanced 

https://nor-discover.org/en/outreach/#webinars
https://nor-discover.org/en/outreach/#webinars
https://nor-discover.org/en/outreach/#webinars
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ESA has sponsored projects globally
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Reaching Communities

 Explore EO-based indicators 

from ESA, NASA and JAXA

 Use the datasets in Platform 

Environments to generate 

insights

 Create interactive narratives 

with Dashboard elements

 Open for community 

contributions

https://eodashboard.org 

https://eodashboard.org/
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Monthly updates on ESA tenders, new open datasets, upcoming events, and other opportunities 

Sign up for ESA’s Open Science Newsletter 
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