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Abstract. 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 ob-
jects. Especially, the machine-to-machine actionability of digital objects will be a crucial step
towards future Al assisted workflows. Motivated by a use case, this contribution proposes the
adoption of the Fair Digital Object (FDO) concept to address the challenges associated with
the emerging spread in interdisciplinary reuse scenarios of climate model simulation output.

The aim of this work is to commit to an FDO standard in climate science that enables
standardized and therefore automated data analysis workflows and facilitates the extraction
and analysis of relevant weather and climate data by all stakeholders involved. The current
work expands on the efforts made to enable broad reuse of CMIP6 [1, 2] climate model data
and focuses on requirements identified to enable automated processing of climate simulation
output and their possible implementation strategies. The exemplary use case of an automated,
prototypical climate model data analysis workflow will showcase the obstacles occurring when
analyzing currently available climate model data. In particular, the findability of digital objects
required for a particular research question in climate science or a related field shows to be
challenging. In order to mitigate this issue, certain strategies are proposed: (a) Enriching the
PID profiles of climate model data in accordance with the FDO concept and taking into account
the needs of the climate science community will lead to improved findability of digital objects,
especially for machines. (b) Defining a standardized, unique association between climate
model variables and their meaningful long names will increase the findability of climate model
data, especially for researchers in other disciplines. (c) Furthermore, combining the FDO con-
cept with existing data management solutions, such as the intake-esm catalogs [3], can lead
to improved data handling in line with prevailing community practices.

Eventually, implementing an FDO standard will benefit the climate science community in
several ways: The reusability of the data will facilitate the cost-effective use of existing compu-
tationally expensive climate model data. Improved data citation practices will promote data
sharing, and ultimately, high transparency will increase the reproducibility of research work-
flows and consolidate scientific results.
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Data availability statement

The work presented here focuses on digital objects within the CMIP6 database [2], which al-
ready have a high level of standardization and comply with the majority of the FAIR data prin-
ciples. These data are used to establish a baseline representing the current state of FAIRness
of climate simulation output. Note that only those CMIP6 data are taken into consideration
which are made available directly via the Earth System Grid Federation (ESGF) [4].
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Jupyter Notebooks which are closely related to the contribution are deposited on a repository:
https://gitlab.dkrz.de/data-infrastructure-services/fdo
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