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ICOS – all about reliable data
Integrated Carbon Observation System
Informs: 

– Scientists 
– Policy makers 
– General public

Generate high quality observation data
Transparent – open data 
From raw to elaborated data products
Clear data lifecycle
Community based
Catalyser of biogeochemical science
Improve knowledge and inform on 

– Anthropogenic and natural fluxes
– Detect climate feedbacks
– Emission trends 

Timely and factual information, beyond debate! 
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Socio-economic impact: from Observations to Decisions

SBSTA
Data sharing
Data management 
(incl. metadata)

Observations           Services              Knowledge                 Decisions

From data to 
knowledge

Model-Data 
Fusion
projects

Decisions have economic impact.
How to measure the economic impact of
the UNFCCC process?
And the role of the RIs?
Any KPIs? 
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Integrated Carbon Observation System (ICOS) 
Scientific mission:

• Increase fundamental understanding of carbon cycle, greenhouse 
gas budgets and perturbations, and underlying processes

• Increase ability to predict future changes

• Verify the effectiveness of policies aiming to reduce greenhouse gas 
emissions

• Foster technical and scientific innovation

• Contribute to education and capacity building

https://www.icos-ri.eu
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ICOS RI Services to members 
• Uniform station design (meeting or exceeding global standards)

• Community defined common measurement protocols, standardized instrumentation

• Central data processing at (distributed) Thematic Centers (TC)
• Full processing chain from raw to full QC’ed product, traceable, transparent
• PI’s contribute metadata, check data, add quality flags

• Central Calibration lab (Germany)
– Flask and 14CO2 analysis
– Provision & reassignment of spiked natural air working standards and targets (WMO scales)

• Station networks run by nations -> monitoring station assemblies 

• Legal representation in ERIC, Head Office (Finland) plus Carbon Portal (Sweden)
• Central administration 
• Coordination, together with heads of TCs and MSA chairs
• Communication
• International strategy and relations: WMO GAW, SOCAT, Fluxnet, GEO Carbon and GHG Initiative
• Central data portal, open access, attribution and usage tracking

• Financial contributions by member states
– Membership, partially dependent on GDP
– Station contribution, dependent on domain, Class (I, II, associated)

• Nations contribute to 80% of HO, CP, TC, CAL, rest from member contribution



Training event on Atmospheric Composition Data Exploitation. – Potenza – January 28-30, 2025 6

ICOS Stations 179 measurement stations

103 Ecosystem stations

47 Atmosphere stations

29 Ocean stations

including two stations on Greenland, 
one in French Guyana, La Reunion, Cape Verde, Canary Islands, 
DR Congo

16 member states

Ireland, Greece and Hungary joined 2022
Portugal, Estonia, Poland, Slovenia in progress

Stations need to go through tedious certification process 
(Labelling) before it can label itself as ICOS station and the data 
gets status of ICOS quality data, today 124 are labelled
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Atmosphere domain (FR/FI)

7
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ICOS atmosphere station classification
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Ecosystem domain (IT/FR/BE)
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Ocean domain (NO/UK)

10
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Measurement stations
(National networks)

ICOS Carbon Portal

User 1 User 2 User 3

Ecosystem 
Thematic

Centre

Atmospheric 
Thematic   

Centre

Oceanic 
Thematic   

Centre

Standardized 
processing, quality 
assurance & control

ICOS 
repository
(data, metadata)

Sensor data

• Data ingestion
• Metadata services
• Data discovery & access
• Usage tracking

• Data management
• Repository administration
• Preservation planning
• User community support

Diverse user 
communities, including 
data producers and other 
portals

High per-
formance
computing
services

Finalized
data products

Metadata
registry & 
catalogue
services

B2SAFE
PID

PID, AAI

B2FIND

PID

AAI

ICOS data flow, common services

Calibration
Labs
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F.A.I.R. and easy

Collaborate on FAIRness
with environmental RIs  
(ENVRI FAIR) and in 
framework of EOSC (e.g. 
EOSC FUTURE)

User friendly interfaces 
based on FAIR services: 
Search Portal, DOI GUI, 
STILT footprint tool, 
Download Stats, Data 
preview, Download data 
cart

Services based on user 
demands and feedback

Service availability 
99.9% (2022-2024) 

12

ICOS FAIRness level assessed by F-UJI tool 2025

ICOS FAIRness level assessed by F-UJI tool 2020

65%
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ICOS Data
Level 0 
• raw sensor output (either mV or physical units)

Level 1/NRT 
• calibrated and automatically Quality Assured data

Level 2
• final observation data products

Level 3
• (Contributed) elaborated data products 

All ICOS data CC BY 4.0 
https://www.icos-cp.eu/data-products

https://www.icos-cp.eu/data-products
https://www.icos-cp.eu/data-products
https://www.icos-cp.eu/data-products
https://www.icos-cp.eu/data-products
https://www.icos-cp.eu/data-products
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ICOS Data Portal

> 2 million data objects
F.A.I.R.
Persistent identification
Open: CC BY 4 licence
Faceted dynamic search
Previews
Linked open data
Open source
GUI and machine-machine

https://data.icos-cp.eu/portal/

https://data.icos-cp.eu/portal/
https://data.icos-cp.eu/portal/
https://data.icos-cp.eu/portal/
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ICOS Data Portal

Metadata standards:
• ISO19115
• schema.org
• json
• Rdf

Content negotiation at landing 
pages
Trusted repository, persistent 
storage
Versioning
Collections
Rich metadata

https://data.icos-cp.eu/portal/

https://data.icos-cp.eu/portal/
https://data.icos-cp.eu/portal/
https://data.icos-cp.eu/portal/
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Rich metadata

Describes using linked data approach:
• Usual DC terms (title, description, size, etc)
• Keywords
• Distribution (licence, download url)
• Data type, connects to format, domain, data level
• Data provenance

• Acquisition
• Production

• Link to station and organizational metadata
• Contributor, instrument and role information collected automatically for stations
• Variable information for previewable variables
• Geospatial information
• Versions (link to older data versions)
• Collection info
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Rich metadata



Training event on Atmospheric Composition Data Exploitation. – Potenza – January 28-30, 2025 18

Previews
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Upload GUI

Upload require authorization
Use API or command line (cUrl)
• Provide metadata package in json tied to 

datatype 

GUI provides easy interface to upload
Create collection
Automate DOI generation (pre-minting)
• Collect contributor info
• Collect Geo information
• Connect to DOI GUI service

https://meta.icos-cp.eu/uploadgui/

https://meta.icos-cp.eu/uploadgui/

https://meta.icos-cp.eu/uploadgui/
https://meta.icos-cp.eu/uploadgui/
https://meta.icos-cp.eu/uploadgui/
https://meta.icos-cp.eu/uploadgui/
https://meta.icos-cp.eu/uploadgui/
https://meta.icos-cp.eu/uploadgui/
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Authentication and user settings
https://cpauth.icos-cp.eu/

https://cpauth.icos-cp.eu/
https://cpauth.icos-cp.eu/
https://cpauth.icos-cp.eu/
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Services: Download statistics

https://data.icos-cp.eu/stats/

https://data.icos-cp.eu/stats/
https://data.icos-cp.eu/stats/
https://data.icos-cp.eu/stats/
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Services: DOI & Trajectory forecast

https://doi.icos-cp.eu

https://www.icos-cp.eu/forecast

https://doi.icos-cp.eu/
https://doi.icos-cp.eu/
https://doi.icos-cp.eu/
https://www.icos-cp.eu/forecast
https://www.icos-cp.eu/forecast
https://www.icos-cp.eu/forecast
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Sparql endpoint GUI
https://meta.icos-cp.eu/sparqlclient/

https://meta.icos-cp.eu/sparqlclient/
https://meta.icos-cp.eu/sparqlclient/
https://meta.icos-cp.eu/sparqlclient/
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STILT Footprint tools

STILT LPDM
ERA5 meteorology 1x1
3hr footprints at 1/12x1/8
CO2 and CH4
STILT Worker:
• DIY footprint

STILT Viewer
• View animated footprint
• Modelled mole fractions
• Measured mole fractions 
when available

Requires login (ATMO ACCESS VA) https://stilt.icos-cp.eu/viewer/

https://stilt.icos-cp.eu/worker/

https://stilt.icos-cp.eu/viewer/
https://stilt.icos-cp.eu/viewer/
https://stilt.icos-cp.eu/viewer/
https://stilt.icos-cp.eu/worker/
https://stilt.icos-cp.eu/worker/
https://stilt.icos-cp.eu/worker/
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Jupyter Hub

• VRE
• Free for all
• Register
• Share data

• Fileshare
• Project space

• Collaborate
• Access to CP data
• Use CP Python lib
• Bring code to data!
• Many cores and 

memory

https://jupyter.icos-cp.eu/

https://jupyter.icos-cp.eu/
https://jupyter.icos-cp.eu/
https://jupyter.icos-cp.eu/
https://jupyter.icos-cp.eu/
https://jupyter.icos-cp.eu/
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Exploredata

• VRE
• Free for all
• No registration
• Share data
• Access to CP data
• Use CP Python lib
• Bring code to data!
• Single core
• 2 GB memory
• Non persistent

https://exploredata.icos-cp.eu/

https://exploredata.icos-cp.eu/
https://exploredata.icos-cp.eu/
https://exploredata.icos-cp.eu/
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Live demonstration

…
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Practical

Browse to https://exploredata.icos-cp.eu

On the logon screen:
• Fill in your name: firstname.lastname
• Use password: francis
• Check the two checkboxes
• Press the Sign in button
• Wait a little, server is starting

Open the folder education

Enter the itineris folder in the left column
Open one of the notebooks in that folder

NB: When you log out you lose all changes! (Repeat above steps)
You can close the browser or tab, at next opening you can continue where you left

https://exploredata.icos-cp.eu/
https://exploredata.icos-cp.eu/
https://exploredata.icos-cp.eu/


THANKS!


