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✓ All services fully scalable and portable (dockerized)

✓ Open software, shared through GITHUB, GPL licence

✓ Data objects in trusted long term repository (B2SAFE, 2 replicates)

✓ Semantic web (WEB 3.0), linked open data
✓Metadata based on ontology, all elements have (linked) URIs

✓nonSQL, RDF database

✓Open SPARQL endpoint

✓Versioned meta data store: roll-back, time dependent queries

✓ Persistent identifiers, linking to data object and metadata: DOI and/or Handle system 
✓PID based on SHA256 checksum of data object: Data Integrity control

✓Maximum granularity of Data Objects

✓ Support for versioning, collections for DOI

✓ Machine actionable through standard http(s) protocol, RESTful API in backend and frontend

✓ NGiNX proxy redirects to services (https://service.domain.eu), domain completely configurable 
and stylable

✓ Can be deployed as single portal backend with multiple frontends or as set of federated portals 
using one or more interoperable metadata stores
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ICOS Carbon Portal, system elements

https://service.domain.eu/


• Globally unique and eternally persistent identifiers

• The identifiers resolve globally in human and machine readable 
‘landing pages’ 
• Point or give directly access to the data 

• Provide and further link to essential metadata

• Examples:
• Handle PID: Persistent Identifier, e.g. 

https://hdl.handle.net/11676/MpfOrQHnpLf3BMDDAGaAEafc

• In Handle only metadata required is a redirect URL (web link)

• DOI: Digital Object Identifier (based on Handle), e.g. 
https://doi.org/10.18160/CE2R-CC91

• For DataCite additional metadata fields are required (Datacite Metadata 
Schema V4.2) 

• Metadata include abstract, keyword, authors and other contributors

Identification as essential basis

https://hdl.handle.net/11676/MpfOrQHnpLf3BMDDAGaAEafc
https://doi.org/10.18160/PZDK-EF78
https://doi.org/10.18160/CE2R-CC91
https://schema.datacite.org/meta/kernel-4.2/


FAIRness involves “everyone”: data producers, data managers and 
the end users of our data!

✓ documenting data during collection & processing

✓ organized & secure repository for data & metadata

• persistent identifiers for data & resources

✓ web portal for search, visualization & download

• clear licensing

• linked data approach for metadata cataloguing

• interfaces for humans and machines

• support for end users

• engage with other initiatives projects to share resources

FAIRifying, the process

https://www.coretrustseal.org/

https://www.coretrustseal.org/


FAIRifying in Europe -> EOSC Cluster project: ENVRIFAIR

12 Env. RIs

Other clusters:
• Life Sciences
• Photo & Neutron 

Science
• Astronomy + 

Particle Physics
• Social Sciences

> 100 M€ until 2023



• In ICOS all data objects, from raw to model analyses get a PID and/or DOI
• ICOS PID contains checksum of data: data integrity assured!
• Identifiers are essential for data citation!

• Support for collections and data versioning
• Access through RESTful interfaces through a simple URL

Standard HTTP get and put: browser or prompt-cli is enough

• No drivers or proprietary software needed  
• All software is versioned and provided open source (e,g, GitHub), ICOS CP: GPL
• Interfaces build on same protocols and Linked Open Data approach

• Upload restricted to known Data Objects supported by correct metadata by specific 
authorized users, data validated at ingestion

• All data download open and free according to data license (ICOS: CC4BY)

• High reliability and availability: >99%, persistent data storage
• Now operational for multiple domains

ICOS Carbon Portal as an illustration

https://github.com/ICOS-Carbon-Portal


ICOS data flow
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• 210 000 data objects

• 450 000 data downloads

• 40 000+ downloads per month

• 24 000 unique users

• 2 700 active users per month

• 294 CP user accounts (56 OrcID)

• 170 users of Nextcloud/OnlyOffice

• >99% uptime

• NRT data for Atmosphere+Ocean, soon Ecosystem

• Level 2 data for all domains

• Jupyter VREs and STILT footprint apps

Factsheet Data Sep 2019



• >200 000 visible data objects

• Data cart

• License check

• Download/preview count
• Per data object

• Per domain

• Per contributor

• Per country

Etc.
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Find, preview and download data
https://data.icos-cp.eu/portal
https://data.icos-cp.eu/portal/#search?theme=%5B%22Atmospheric%20data%22%5D&level=%5B2%5D&isIcos=%5B%22ICOS%22%5D&station=%5B%22SMEAR%20II-ICOS%20Hyyti%C3%A4l%C3%A4%22%5D&colTitle=%5B%22co2%22%5D

https://data.icos-cp.eu/portal/#search?theme=%5B%22Atmospheric%20data%22%5D&level=%5B2%5D&isIcos=%5B%22ICOS%22%5D&station=%5B%22SMEAR%20II-ICOS%20Hyyti%C3%A4l%C3%A4%22%5D&colTitle=%5B%22co2%22%5D


Fully operational, data previews



12

www.icos-cp.eu/dataproducts
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www.icos-cp.eu/dataproducts



Long high quality time series



Station L2+NRT data average for dissemination, e.g. as servlet in news web site:

https://data.icos-cp.eu/dashboard/?stationId=PAL&valueType=co2&height=12

Example dashboard servlet



• Jupyter interactive notebooks

• JupyterLab

The future of the research data lifecycle



• Analysis of simulated fossil fuel CO2 time series (RINGO)

• Evaluation of sampling strategies 

• EUROCOM inversion intercomparison

• …

Interactive analysis tools for model results & data



• Teaching material for university and high-school combining data analytics, coding, and 
natural sciences

• Display at Swedish Science centers
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Jupyter notebooks for educational purposes

ICOS ERIC Carbon Portal, Lund, Sweden | www.icos-cp.eu



• Analysis of simulated fossil fuel CO2 time series (RINGO)

• Evaluation of sampling strategies (RINGO) 

• EUROCOM inversion intercomparison

• …
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Project-specific Jupyter notebooks
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EUROCOM inversions: fuel & biospheric CO2 flux estimates

• Inversion results still show large differences => model development & inherent uncertainties

• Inversion results will be uploaded soon at ICOS CP

• Inversions are currently extended to 2018
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VERIFY regional inversion results 2006-2017



SEACRIFOG
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Examples of potential operational science products

Fluxengine:
http://www.oceanflux-ghg.org/Products/FluxEngine

http://www.oceanflux-ghg.org/Products/FluxEngine
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FLUXCOM GPP+uncertainty (http://www.fluxcom.org) 
Model-data fusion upscaling of ecosystem flux obs+meteo model+satellite+DGVMs

Examples of potential operational science products

https://www.fluxcom.org/


High impact



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

https://exploredata.icos-cp.eu

https://www.icos-cp.eu/data-products

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

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

https://github.com/ICOS-Carbon-Portal

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

Account required:

https://cpauth.icos-cp.eu/login/

https://jupyter2.icos-cp.eu

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

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

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

https://fileshare.icos-cp.eu

Some selected links to the ICOS data portal
Main search interface

Anonymous Jupyter notebooks

Main ICOS obs. data products 

View footprints and concentrations

Calculate your own footprints

ICOS CP source code repo

Download statistics

Login/create account

Jupyter service (sep. account needed)

User friendly data upload

DOI minting and metadata edit service

GUI for open SparQL endpoint

ICOS fileshare, online document editing

(any name+ 
password=msa)

https://data.icos-cp.eu/portal/
https://www.icos-cp.eu/data-products
https://stilt.icos-cp.eu/viewer/
https://stilt.icos-cp.eu/worker/
https://github.com/ICOS-Carbon-Portal
https://data.icos-cp.eu/stats/
https://cpauth.icos-cp.eu/login/
https://jupyter2.icos-cp.eu/
https://meta.icos-cp.eu/uploadgui/
https://doi.icos-cp.eu/
https://meta.icos-cp.eu/sparqlclient/
https://fileshare.icos-cp.eu/


Thank you!


