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EPOS is the European Research Infrastructure serving Solid Earth science

Multidisciplinary research platform to provide access to quality-controlled data from diverse Earth science disciplines, 

together with tools for their use in analysis and modelling   

European Plate Observing System

https://www.epos-eu.org/dataportal

INTRODUCTION GNSS TCS FAIR data Added-value Conclusions
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Thematic Core Services (TCS)

• 10 different solid Earth science disciplines ensure data provision to the EPOS data portal

• TCS are transnational governance frameworks enabling community-specific coordination

• Each TCS is established as a Consortium of research organizations with its own governance

• TCS Consortia are designed to:

✓adopt joint strategies to tackle scientific, technical, financial, legal and ethical issues

✓develop of best practices for data harmonization and interoperability

INTRODUCTION GNSS TCS FAIR data Added-value Conclusions
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Web services Web services

EPOS-GNSS product portal
https://gnssproducts.epos.ubi.pt/

EPOS-GNSS data gateway
https://gnssdata-epos.oca.eu/
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TCS GNSS data and products

EPOS data portal
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FAIR data principles - Methodology
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EPOS-GNSS implementation started in 2015 

FAIR data principles were not on the table at that time

These last years → effort to catch up

The action plan “Turning FAIR into reality” from the EC 
expert group on FAIR data (2019)*

• Originally introduced the concept of FAIR Digital Objects 
(FDO)

• Turn your data into FAIR Digital Objects

* Turning FAIR into Reality: Final report and action plan from the European Commission expert group 
on FAIR data. Publications Office of the European Union. https://doi.org/10.2777/1524
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FAIR data principles - Methodology

Introduction GNSS TCS FAIR DATA Added-value Conclusions

Step 1: Construct a metadata shell around GNSS data files

• Metadata must provide all necessary information a user needs 
to know about the data

• Use of standardized metadata schema and controlled 
vocabularies 

• Ensure metadata is machine-readable for automated 
processing. 

Step 2: Assign Persistent Identifiers (PIDs)

• URLs that provide long-term (persistent) link to the data
• Enhance findability and long-term accessibility. 

Step 3: Implement GNSS data access services

• Users need search services to find relevant GNSS data and 
metadata

• Ensure efficient data discovery and retrieval.
Devaraju et al (2022). FAIRsFAIR Data Object Assessment Metrics (0.5). 
https://doi.org/10.5281/zenodo.6461229
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GNSS data centers

EPOS-GNSS data flow concept
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GLASS software: Make data in a GNSS data 

center discoverable within EPOS

GLASS software

1. Performs GNSS (meta)data quality control

2. Stores results in local database

3. Provides access to GNNS data in data center(s) 

and results of quality control through web 

portal and web services (API)

4. If data OK: make data discoverable to the EPOS-

GNSS data gateway (web portal and web 

services) and EPOS portal who will redirect 

users to the data centers for data downloads

GNSS data centers
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EPOS-GNSS data flow concept
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EPOS-GNSS data flow concept

EPOS-GNSS data nodes
web portal & web services
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GNSS data nodes
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EPOS-GNSS data gateway
GLASS software: Make data in a GNSS data 

center discoverable within EPOS
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GNSS data nodes
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Steps towards FAIR data

Step 1: Construct a metadata shell around 
GNSS data files

Collection of rich metadata

• Technical descriptions of GNSS stations

• Data licenses

• Data provenance

• GNSS data quality information → generated 
at data nodes and made available through 
web services

Introduction GNSS TCS FAIR DATA Added-value Conclusions
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Collection of GNSS station metadata

GNSS data gateway

GNSS data nodes
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Collection of GNSS station metadata

Operated by Royal Observatory of Belgium, ROB

GNSS data gateway

M3G: GNSS station metadata

GNSS data nodes
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Collection of GNSS station metadata (M3G)

https://gnss-metadata.eu

Using international standards

GUI & API
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https://gnss-metadata.eu/
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Collection of GNSS station metadata (M3G)

https://gnss-metadata.eu

Data licenses

Mandatory for EPOS stations
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Step 2: Assign Persistent Identifiers (PIDs):

Collection of Persistent Identifiers → Digital Object 
Identifiers (GGOS)

• Standardization of DOI metadata for GNSS datasets
• DOI for datasets of GNSS stations 
• DOI for datasets of GNSS networks

Community engagement

• Encourage GNSS station owners to assign DOI
• Help GNSS stations owners to get DOI
• Cite usage of GNSS data through DOI

Steps towards FAIR data
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Step 3: GNSS data access services

EPOS-GNSS Data gateway/nodes and M3G have API to

retrieve GNSS (meta)data

• But original EPOS API not developed with FAIR data

principles in mind→ improvements necessary

• Require background work on

• standardization of rich metadata (e.g. GNSS-

DCAT-AP)

• Upgrade web services

→ Currently, not all collected rich metadata can be

retrieved from EPOS data portal

ROB’s: Already existing Open data portal aligned with FAIR data principles: https://gnss.be/opendataportal
Paper submitted to GPS sol. with detailed description of methodology https://fair-gnss.oma.be + link to webinar

Steps towards FAIR data

Introduction GNSS TCS FAIR DATA Added-value Conclusions

https://gnss.be/opendataportal
https://fair-gnss.oma.be/
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EPOS-GNSS stations : Available data

2110 GNSS stations
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Number of stations with GNSS RINEX files

Increase of available GNSS data files
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Exercise

Solar storms of May 2024 was a series of powerful solar storms with extreme 
solar flares and geomagnetic storm components that occurred from 10–13 May 
2024 during solar cycle 25.

Pierrard et al, 2025, Effects of the Geomagnetic Superstorms of 10–11 May 2024 and 7–11 
October 2024 on the Ionosphere and Plasmasphere, Atmosphere 2025, 16(3), 
299; https://doi.org/10.3390/atmos16030299

Effect on GNSS operations : interruptions in GNSS signal reception ?

→ Quantification of % increase of signal interruption wrt baseline values (28-04-2024 to 05-
05-2024) 

→ Using on one hand EUREF’s GNSS network and on the other hand EPOS’ GNSS network

Introduction GNSS TCS FAIR data ADDED-VALUE Conclusions

Added-value of increased GNSS data availability

https://doi.org/10.3390/atmos16030299
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Note: The scale is cut at 200%, above 200% is red

May 9 May 10 May 11                                      May 12  2024
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Concluding remarks

• EPOS is example of a European Research Infrastructure Consortium (EPOS ERIC)

• Members are countries that pay annual membership fee and commit to support EPOS activities in 
their countries

• Sustainability of the services remains a challenge

• EPOS-GNSS provides centralized access to GNSS data (and data products) of 1000’s of GNSS 
stations

• Valuable source of information for multi-disciplinary research and generation of operational 
products

• Distributed infrastructure of data nodes and GNSS metadata system (M3G)

• Implementation of FAIR data principles is ongoing

Introduction GNSS TCS FAIR data Added-value CONCLUSIONS
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