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Abstract.

Climate science relies on managing, sharing, and analyzing vast, diverse datasets. Ensuring
FAIR principles is critical, particularly for enabling machine-to-machine (M2M) actionability in
Al-assisted workflows. This work proposes combining the Fair Digital Object (FDO) standard
with the InterPlanetary File System (IPFS) protocol to improve interdisciplinary reuse of climate
model outputs and observational data. The IPFS provides a decentralized, peer-to-peer net-
work for storing and sharing files via unique content identifiers, supporting immutability, and
redundancy. Using IPFS as the access layer enhances data integrity, while FDOs ensure struc-
tured semantics for M2M actionability. A conceptual use case was tested with data from the
ORCESTRA measurement campaign, which comprises data from satellites, aircraft, ground
systems, and models. Selected datasets were aggregated in an FDO-compliant catalog and
shared via IPFS, demonstrating practical benefits. Together, IPFS and FDOs create an eco-
system which can enhance reproducibility and cross-disciplinary collaboration in weather and
climate research and beyond.
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1. Introduction

Climate science relies heavily on the effective creation, management, sharing, and analysis of
massive and diverse datasets. As the digital landscape evolves, there is a growing need to
establish a framework that ensures FAIRness in handling climate science digital objects. In
particular, the M2M actionability of digital objects will be a crucial step towards future Al-as-
sisted research workflows. This conference contribution illustrates, through a conceptual im-
plementation, how adopting the Fair Digital Object (FDO) standard in synergy with the Inter-
Planetary File System (IPFS) protocol can address challenges associated with the interdisci-
plinary reuse of climate data.[1]

2. Background and Motivation

The increasing complexity and scale of climate data make traditional data management
systems insufficient for ensuring interoperability, long-term accessibility, and reproducibility.
FAIR Digital Objects and IPFS present complementary approaches to these challenges. FDOs
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introduce a standardized, M2M actionable framework for representing digital assets and their
metadata as cohesive, persistent, and traceable entities. IPFS provides a decentralized,
content-addressable infrastructure for reliable and tamper-resistant file storage and
distribution. Together, these technologies offer a pathway toward a more resilient and
transparent data ecosystem.

2.1. InterPlanetary File System (IPFS)

The IPFS is a peer-to-peer network protocol designed for decentralized file storage and shar-
ing. Each file in IPFS is assigned a unique content identifier (CID), derived from the file’s con-
tents. This technology ensures: distributed storage, built-in data immutability, and enhanced
resilience against data loss or corruption.[2] By employing IPFS as the access and transport
layer for FDOs, data management frameworks can gain scalability, security, and redundancy,
while the FDO standard itself contributes semantic structure and interoperability.

3. Use Case: The ORCESTRA Campaign

To demonstrate the combined potential of FDOs and IPFS, a conceptual use case was devel-
oped handling data from the ORCESTRA (Organized Convection and EarthCARE Studies
over the Tropical Atlantic) campaign. Conducted in August—-September 2024, this campaign
collected data from multiple sources such as satellite observations, airborne instruments,
ground-based systems, and climate model simulations. From a data management perspective,
ORCESTRA provided an ideal testbed for handling large, heterogeneous datasets. Selected
datasets were ingested into the IPFS and catalogued following the FDO standard. The imple-
mentation showcased improved interoperability, provenance tracking, and streamlined access
across data types and platforms.

4. Conclusion

The integration of IPFS into FDOs demonstrates how decentralized systems and FAIR princi-
ples can enhance data management in climate science. Beyond improving accessibility and
transparency, this approach can support automation in research workflows, facilitating repro-
ducibility and long-term usability. The lessons learned from the ORCESTRA use case highlight
how such frameworks can scale to broader interdisciplinary applications. FDOs and IPFS to-
gether establish a decentralized, verifiable, and interoperable ecosystem for digital objects.
This can effectively address the requirements of interdisciplinary scientific data sharing and
management. By enhancing the reproducibility and consolidation of scientific results, these
innovations can significantly strengthen the societal and economic impact of research.
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Data availability statement

The present work examines digital objects from the ORCESTRA campaign database, openly
available through the ORCESTRA data browser. [3]

Underlying and related material

As the conference date approaches, a Git repository containing all related materials will be
made publicly available via Zenodo, and this section will be updated accordingly.

Author contributions

According to the CreDIT guidelines all authors (M.K., K.PvG., and |.A.) conceptualized this
contribution and developed a methodology. M.K. wrote the original draft, which was reviewed
and edited by K.PvG and |.A.

Competing interests

The authors declare that they have no competing interests.

Funding

Funded by the European Union. This work has received funding from the European High
Performance Computing Joint Undertaking (JU) under grant agreement No 101093054.

Acknowledgement

This work used resources of the German Climate Computing Center (DKRZ).

References

[1] Kulike, M., Peters-von Gehlen, K., Anders, |., & Kruss, B. (2025). Application of the FDO
standard developed in D3.5 to example climate-simulation datasets using an automated
approach - Milestone M3.5. Zenodo. https://doi.org/10.5281/zenodo.17432659

[2] Benet, J. (2014). IPFS - content addressed, versioned, P2P file system. CoRR,
abs/1407.3561. http://arxiv.org/abs/1407.3561

[3] https://browser.orcestra-campaign.org/



http://credit.niso.org/
https://doi.org/10.5281/zenodo.17432659
http://arxiv.org/abs/1407.3561
https://browser.orcestra-campaign.org/

