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The FAIR principles
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• 15 principles 

• to guide the actions of data publishers, 
data stewards and researchers 

• the ‘FAIR Guiding Principles for scientific 
data management and stewardship’ were 
published 2016 in Scientific Data. 
https://doi.org/10.1038/sdata.2016.18 

Source: National Library of Medicine

https://doi.org/10.1038/sdata.2016.18
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To be Findable
 F1. (meta)data are assigned a globally unique and eternally persistent identifier.
 F2. data are described with rich metadata.
 F3. (meta)data are registered or indexed in a searchable resource.
 F4. metadata specify the data identifier.
To be Accessible

 A1 (meta)data are retrievable by their identifier using a standardized communications protocol.
 A1.1 the protocol is open, free, and universally implementable.
 A1.2 the protocol allows for an authentication and authorization procedure, where necessary.
 A2 metadata are accessible, even when the data are no longer available.

To be Interoperable
 I1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge representation.

I2. (meta)data use vocabularies that follow FAIR principles.
I3. (meta)data include qualified references to other (meta)data.

To be Re-usable
 R1. meta(data) have a plurality of accurate and relevant attributes.
 R1.1. (meta)data are released with a clear and accessible data usage license.
 R1.2. (meta)data are associated with their provenance.
 R1.3. (meta)data meet domain-relevant community standards.

The FAIR principles
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FAIR
+

Open

Findable
Accessible
Interoperable
Re-usable

Data should be as
open as possible, 

as closed as
necessary

The greatest potential for re-use comes when data are both
FAIR and Open



FAIR and Open Research Data Practices
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1. Deposit research outputs (e.g., data, software, physical sample information, etc.) in 
trustworthy, community-accepted, FAIR-aligned repositories.

2. Describe your data completely.

3. License your data to be as open as possible.

4. Cite data, software, physical samples, and other products created or reused for your 
research in your publications.

5. Include a data availability statement in your publication to make it clear where the 
data can be accessed.

6. Develop and implement data management plans.



Supplementary material vs. data repository
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Supplementary material of a 
journal article.

Independent publication in a data 
repository.



Supplementary material vs. data repository
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Supplementary material of a 
journal article.

 has usually no own ID (e.g., DOI), can not be 
found or cited independently of the article. 

 Access to the data may be restricted by the 
terms of use of the journal. 

 Often as PDF with limited re-use options.

Independent publication in a data 
repository.
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Supplementary material of a 
journal article.

 has usually no own ID (e.g., DOI), can not be 
found or cited independently of the article. 

 Access to the data may be restricted by the 
terms of use of the journal. 

 Often as PDF with limited re-use options.

Independent publication in a data 
repository.

 Data set is findable and independently 
citable.

 Author(s) can decide on open licence. 

 Data publication adds to the publication list of 
authors. 

 File formats variable and often better for re-
use.



Data, software, physical sample information in 
repositories
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https://www.re3data.org/

More than
3300

data repositories

https://www.re3data.org/
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Data publisher

https://dataservices.gfz-potsdam.de/portal/

https://www.pangaea.de/

https://www.wdc-climate.de

https://dataservices.gfz-potsdam.de/portal/
https://www.pangaea.de/
https://www.wdc-climate.de/
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Data tables

Data_curation_checklist (in Python and R)
helps you to check and resolve some common problems and issues with data tables, before submitting 
them to a data repository like PANGAEA.

https://colab.research.google.com/github/pangaea-data-publisher/community-workshop-material/blob/master/Python/Data_curation_checklist/Data_curation_checklist.ipynb#scrollTo=yCZ9mr9lccbx
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Data tables

Data_curation_checklist (in Python and R)
helps you to check and resolve some common problems and issues with data tables, before submitting 
them to a data repository like PANGAEA.

Data structure
• One cell = one entry
• Columns = Variable/Parameters
• Rows = Single observation
• Single header row
• No mix of numeric values and strings

Data types
• Are data types as expected?

Numeric data
• Columns must contain numbers only
• Fields without data should be left empty

Date formatting
• Date/Time in the ISO-format (UTC) 

Convert from degrees to decimal format
• decimal degree, projection WGS84

Spell out abbreviations
Correct species names
Parameter (header) naming
Convert units
URLs
Events
 

https://colab.research.google.com/github/pangaea-data-publisher/community-workshop-material/blob/master/Python/Data_curation_checklist/Data_curation_checklist.ipynb#scrollTo=yCZ9mr9lccbx
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Kilian Vos, Kristen Splinter, Chris Leaman, & ianlturner. (2019, December 3). kvos/CoastSat: CoastSat v1.0.1 (Version 
v1.0.1). Zenodo. http://doi.org/10.5281/zenodo.3560436  

Software
You can use third-party 
tools to cite and reference 
content on GitHub.

https://docs.github.com/en/repositories/archiving-a-github-
repository/referencing-and-citing-content

http://doi.org/10.5281/zenodo.3560436
https://docs.github.com/en/repositories/archiving-a-github-repository/referencing-and-citing-content
https://docs.github.com/en/repositories/archiving-a-github-repository/referencing-and-citing-content


Physical sample information
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GFZ Data Services offers an
IGSN Registration Service.

International Generic 
Sample Number (IGSN)

https://dataservices-cms.gfz-potsdam.de/samples/igsn-registration-info#c3794


https://dataservices.gfz-
potsdam.de/igsn/igsngfz/index.p
hp?igsn=GFBNO7002EHG0001
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https://dataservices.gfz-potsdam.de/igsn/igsngfz/index.php?igsn=GFBNO7002EHG0001
https://dataservices.gfz-potsdam.de/igsn/igsngfz/index.php?igsn=GFBNO7002EHG0001
https://dataservices.gfz-potsdam.de/igsn/igsngfz/index.php?igsn=GFBNO7002EHG0001


https://dataservices.gfz-
potsdam.de/igsn/igsngfz/index.p
hp?igsn=GFBNO7002EHG0001
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Core

Hole

Individual sample

https://dataservices.gfz-potsdam.de/igsn/igsngfz/index.php?igsn=GFBNO7002EHG0001
https://dataservices.gfz-potsdam.de/igsn/igsngfz/index.php?igsn=GFBNO7002EHG0001
https://dataservices.gfz-potsdam.de/igsn/igsngfz/index.php?igsn=GFBNO7002EHG0001


FAIR and Open Research Data Practices
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1. Deposit research outputs (e.g., data, software, physical sample information, etc.) in 
trustworthy, community-accepted, FAIR-aligned repositories.

2. Describe your data completely.

3. License your data to be as open as possible.

4. Cite data, software, physical samples, and other products created or reused for your 
research in your publications.

5. Include a data availability statement in your publication to make it clear where the 
data can be accessed.

6. Develop and implement data management plans.



Describe your data completely
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Bild von silviarita auf Pixabay

https://pixabay.com/de/users/silviarita-3142410/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=2634391
https://pixabay.com/de/?utm_source=link-attribution&utm_medium=referral&utm_campaign=image&utm_content=2634391
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abstract
file

link
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https://gfzpublic.gfz-potsdam.de/pubman/item/item_5007103 (2021)
Datasheets for Earth Science Datasets (more info in the article Datasheets for
Earth Science Datasets, 2025).

https://gfzpublic.gfz-potsdam.de/pubman/item/item_5007103
https://github.com/dmhuehol/Datasheets-for-Earth-Science-Datasets
https://doi.org/10.1175/BAMS-D-24-0203.1
https://doi.org/10.1175/BAMS-D-24-0203.1
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Data Journals 

Peer-reviewed articles
with the description of

datasets, data
collections, data

infrastructures, 
etc.

No Interpretation!
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Dataset publication
Dataset DOI

Article publication
Article DOIResearchers

ORCID

Funding
Funder Registry

Programs
Cruise DOI

Samples
IGSN

Icons made by Freepik, except Funding icon made by Maxim Basinski Premium and 
Researcher icon made by SBTS2018, all fromFlaticon

Adapted from Lehnert et al., 2020, Digital Data Infrastructure for Physical Samples: 
The IGSN and the Internet of Samples, GeoUtrecht2020 virtual conference

https://www.freepik.com/
https://www.flaticon.com/authors/maxim-basinski-premium
https://www.flaticon.com/authors/sbts2018
http://www.flaticon.com/


FAIR and Open Research Data Practices
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1. Deposit research outputs (e.g., data, software, physical sample information, etc.) in 
trustworthy, community-accepted, FAIR-aligned repositories.

2. Describe your data completely.

3. License your data to be as open as possible.

4. Cite data, software, physical samples, and other products created or reused for your 
research in your publications.

5. Include a data availability statement in your publication to make it clear where the 
data can be accessed.

6. Develop and implement data management plans.



License your data to be as open as possible
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Freie Universität Berlin. 2021. „Research Data Policy of Freie Universität Berlin“. https://doi.org/10.17169/refubium-32141

… Freie Universität Berlin therefore recommends granting open 
licenses for use when data (including their metadata) are published, 
e.g., CC0 or CC BY [21] for data, GNU General Public License [22] or 
MIT License [23] for source code. …

https://doi.org/10.17169/refubium-32141
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Use CC0 and simply ask for 
credit (rather than require 
attribution), and provide a 
citation for the dataset that 
others can copy and paste 
with ease. 

Such requests are consistent 
with scholarly norms for 
citing source materials.
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https://irights.info/wp-content/uploads/2025/01/Open-Content_final_web.pdf
http://www.dcc.ac.uk/sites/default/files/documents/publications/reports/guides/How_To_License_Research_Data.pdf

Creative Commons UK. (2017). Fact Sheet on Creative Commons & Open Science. Zenodo. 10.5281/zenodo.840651

https://irights.info/wp-content/uploads/2025/01/Open-Content_final_web.pdf
http://www.dcc.ac.uk/sites/default/files/documents/publications/reports/guides/How_To_License_Research_Data.pdf
https://doi.org/10.5281/zenodo.840651


Types of Open Source Software Licenses
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From: Riedel, C. (2024) Licensing Research Data and Software.
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https://opensource.org/licenses


FAIR and Open Research Data Practices
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1. Deposit research outputs (e.g., data, software, physical sample information, etc.) in 
trustworthy, community-accepted, FAIR-aligned repositories.

2. Describe your data completely.

3. License your data to be as open as possible.

4. Cite data, software, physical samples, and other products created or reused for your 
research in your publications.

5. Include a data availability statement in your publication to make it clear where the 
data can be accessed.

6. Develop and implement data management plans.



Data and software citation
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Standard data citation

Template
Creator (Publication Year): Title. Publisher. (resourceTypeGeneral). Identifier

Example
Hanigan, Ivan (2012): Monthly drought data for Australia 1890-2008 using the Hutchinson Drought Index. The 
Australian National University Australian Data Archive. (Dataset) http://doi.org/10.4225/13/50BBFD7E6727A

Standard software citation

Template
Creator (Publication Year): Title. Version No. Publisher. [resourceTypeGeneral]. Identifier.

Example
Xu, C., & Christoffersen, B. (2017). The Functionally-Assembled Terrestrial Ecosystem Simulator Version 1. Los Alamos 
National Laboratory (LANL), Los Alamos, NM (United States). [Software]. https://doi.org/10.11578/dc.20171025.1962

https://ardc.edu.au/resource/data-and-software-citation/

http://doi.org/10.4225/13/50BBFD7E6727A
https://doi.org/10.11578/dc.20171025.1962
https://ardc.edu.au/resource/data-and-software-citation/


Data citation
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FAIR and Open Research Data Practices
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1. Deposit research outputs (e.g., data, software, physical sample information, etc.) in 
trustworthy, community-accepted, FAIR-aligned repositories.

2. Describe your data completely.

3. License your data to be as open as possible.

4. Cite data, software, physical samples, and other products created or reused for your 
research in your publications.

5. Include a data availability statement in your publication to make it clear where the 
data can be accessed.

6. Develop and implement data management plans.



Data citation
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https://doi.org/10.1029/2020TC006425

https://doi.org/10.1029/2020TC006425


Data availability statement
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Availability of data

Data openly available in a public repository that issues datasets with DOIs

Data openly available in a public repository that does not issue DOIs

Data derived from public domain resources

Embargo on data due to commercial restrictions

Data available on request due to privacy/ethical restrictions

Data subject to third party restrictions

Data available on request from the authors

Author elects to not share data

Data available in article supplementary material

Data sharing not applicable

Acceptable

Much less acceptable

Well done!



Data availability statement
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“We also find an association between articles that include 
statements that link to data in a repository and up to 
25.36% (± 1.07%) higher citation impact on average…”

The citation advantage of linking publications
to research data (2020)
https://doi.org/10.1371/journal.pone.0230416

https://doi.org/10.1371/journal.pone.0230416


FAIR and Open Research Data Practices
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1. Deposit research outputs (e.g., data, software, physical sample information, etc.) in 
trustworthy, community-accepted, FAIR-aligned repositories.

2. Describe your data completely.

3. License your data to be as open as possible.

4. Cite data, software, physical samples, and other products created or reused for your 
research in your publications.

5. Include a data availability statement in your publication to make it clear where the 
data can be accessed.

6. Develop and implement data management plans.



Data management plan
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• Structured documentation of all aspects of the research data 
and the handling of the research data of a project.

• Encompasses the entire course of the project as well as data 
storage after project completion

• Tool to plan all aspects of research data management at an 
early stage and/or as a team



Data management plan
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DMPonline TUB-DMP Template Freie Universität 
Berlin

https://dmponline.dcc.ac.uk/
https://dmp.tu-berlin.de/
https://www.fu-berlin.de/en/sites/forschungsdatenmanagement/_dokumente/dmp-template_v01.rtf


Data management plan
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FU Resources

• Guide to Data management plans (Link)

• Upcoming: workshop ‘DMP step-by-step’

https://www.fu-berlin.de/en/sites/forschungsdatenmanagement/materialien/handreichungen/dmp/index.html


FAIR and Open Research Data Practices
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1. Deposit research outputs (e.g., data, software, physical sample information, etc.) in 
trustworthy, community-accepted, FAIR-aligned repositories.

2. Describe your data completely.

3. License your data to be as open as possible.

4. Cite data, software, physical samples, and other products created or reused for your 
research in your publications.

5. Include a data availability statement in your publication to make it clear where the 
data can be accessed.

6. Develop and implement data management plans.
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We commit to advance FAIRness and Openness in Earth 
System Sciences.

We value data infrastructures and data experts.

NFDI4Earth Consortium. 2024. NFDI4Earth FAIRness and Openness Commitment (NFDI4EarthDeliverable D4.2.1). NFDI4Earth 
Community on Zenodo. https://doi.org/10.5281/zenodo.10123880.

Sign the Commitment at http://nfdi4earth.de/commit

NFDI4Earth FAIRness and Openness 
Commitment

https://doi.org/10.5281/zenodo.10123880
http://nfdi4earth.de/commit


Contact
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Dr. Andreas Hübner (he/him)
E-Mail: andreas.huebner@fu-berlin.de
Phone: 838-71062 
https://orcid.org/0000-0001-7342-9789

E-Mail: forschungsdaten@fu-berlin.de
Web:  https://www.fu-berlin.de/en/sites/forschungsdatenmanagement

mailto:andreas.huebner@fu-berlin.de
https://orcid.org/0000-0001-7342-9789
mailto:forschungsdaten@fu-berlin.de
https://www.fu-berlin.de/en/sites/forschungsdatenmanagement
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