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The increasing availability of digital research products — typically encompassing data and soft-
ware — in the Earth System Sciences (ESS) calls for new approaches to facilitate the manage-
ment and reuse of these digital resources. NFDI4Earth addresses this gap and targets the
harmonization of services related to digital research products in the ESS. In our initial phase,
we aim to support researchers in (i) discovering and exploring relevant data and software
sources, (ii) exploratory spatial data analysis, (iii) solving research data management problems
and (iv) creating and publishing information products [1, 2]. This abstract briefly presents con-
cepts and first results of the harmonization efforts within NFDI4Earth. It touches upon four
points: the harmonization of resource descriptions, the harmonization of ESS-specific support
for research data management (RDM), joint training activities for researchers in the ESS, and
the harmonization of discovery and publishing workflows.

Harmonizing resource descriptions: A common thread of the various disciplines
within the ESS is the collection, processing and sharing of spatial data spanning over broad
range of topics (e.g., climate, geology, marine, land use and property, habitats, etc.). Spatial
data refers data to which a spatial position can be directly/indirectly assigned through the use
of spatial references. These spatial data come in different formats, and so do the interfaces of
the services used for their storage, processing and analysis. This diversity demands strategies
for harmonizing and linking to established ESS standards for metadata, data and services such
as the APIs from the Open Geospatial Consortium (https://www.ogc.org/). NFDI4Earth pro-
poses two key innovations in this context: 1) the integration of various metadata from and for
the ESS through the use of Semantic Web concepts (e.g., the Resource Description Frame-
work) and bridging towards concepts such as FAIR Digital Objects; and 2) the NFDI4Earth
Label as a digital badge to inform about the level of FAIRness of ESS services. As of this
writing, the NFDI4Earth Knowledge Hub is implemented as an open-source software stack
using a data management system and a tightly coupled triplestore. (Meta) data is harvested
from different external sources (e.g., re3data for ESS repositories, Research Organization
Registry and Wikidata for organizations, Digital Curation Centre for ESS-specific metadata
standards, GitLab for software projects...) and enriched with internally collected information
(Figure 1). Also, community-driven tools developed within the NFDI4Earth Pilots and Incuba-
tors (e.qg., for data cube visualization) are made accessible through the Knowledge Hub. We
thereby enable the ESS community to answer previously unanswered and challenging ques-
tions such as ‘list all ESS services related to Oceanography published within the last two years,
along with their service types’.

Harmonizing RDM support: Researchers and research data managers face several
challenges across the research data management life cycle (see e.g., [3]). These include, for
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instance, questions related to what data can be legally and ethically collected and stored, com-
pliance with funding agencies’ requirements, and dilemmas related to the sharing of sensitive
research data. While efforts at specific universities and university libraries are underway to
facilitate RDM in-house services for the institutes’ researchers, there is still a lack of platforms
in the ESS where researchers can ask questions and receive help from their peers directly.
This gap is addressed in NFDI4Earth through the User Support Network, which is currently
envisioned as a single point of access to expert knowledge and experts for RDM-related is-
sues. As the experts are distributed across the NFDI4Earth community, the most suitable per-
son is matched to the inquiry independent from organizational membership, personal contacts,
or previous public record on a topic.

Joint training activities: Through two-year training programs for doctoral and post-
doctoral researchers, the NFDI4Earth Academy offers a learning environment within the ESS
that goes beyond institutional boundaries. As of this writing, the Academy offers training to 39
Fellows from 24 institutions in Germany. The training features, among others, research data
management and Data Science skills, “think tank” events to brainstorm and develop synergies
between the fellows’ projects, and cross-consortia activities (e.g., Hackathons).

Harmonizing discovery and publication workflows: Scientific (geo)data infrastruc-
tures, despite being sometimes established for years and using open standardized APIs, still
lack shared policies and a common organizational framework for the sharing of scientific geo-
spatial resources [4]. In ESS, we can build upon various well-known and accepted services.
However, with the increasing number of diverse services, e.g., for specific tasks or formats,
researchers lack an overview of existing services and support in choosing proper services
according to their needs. Here, NFDI4Earth proposes two solutions for harmonizing discovery
and publishing workflows: 1) a single access point, called OneStop4All, for the discovery of
distributed resources and 2) a concept to publish (meta) data using best-fitting existing repos-
itories or platforms. The custom open-source OneStop4All solution requests resource descrip-
tions from the Knowledge Hub via an API to generate a user-friendly view of harmonized re-
source descriptions with particular respect to spatio-temporal characteristics (Figure 1). With
the OneStop4All, we also implement the NFDI4Earth concept of data publishing, that is, rec-
ommending existing repositories where researchers can publish (meta) data for their resources
as opposed to offering a new publishing platform. By doing so, we harmonize publication work-
flows building on community-accepted and established services, foster the visibility/transpar-
ency of relevant data outside NFDI4Earth, reduce implementation efforts in the project and
support consolidation and efficient use of resources. Moreover, we envision fostering a cultural
change in ESS, e.g., by focusing on FAIR, open and sustainable ESS services, supported by
a NFDI4Earth Commitment Statement [5].
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Figure 1. Simplified version of the NFDI4Earth Software Architecture
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