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The study of climate change and its impact on marine environments requires large-scale, multidisciplinary
data that are often collected by various national and marine institutes, fishery associations, as well as by re-
search groups. With the proliferation of underwater observatories, profilers, and autonomous underwater
vehicles (AUVs), significant progress has been made in collecting continuous, high-resolution data for in-situ
ecological monitoring. However, much of this data remains static and stored in formats such as NetCDF or
CSV, making it difficult to integrate into dynamic DTO systems. Furthermore, distribution shifts—variations
in the data due to differing collection methods or environmental conditions—pose significant challenges for
Al-based systems, which rely on consistent and harmonized data for training and prediction.

Archived and ecological monitoring network data from in-situ robotic and other scientific and societal sources,
while essential, are highly heterogeneous and encoded in different formats, posing significant challenges for
harmonization and integration. In this context, the Digi4Eco Project (https://digi4eco.eu/the-project/) focuses
on addressing the lack of tools to effectively harmonize this vast amount of marine data, ensuring a suitable
format for ingestion into DTOs. To address these challenges, our work focuses on developing a comprehen-
sive Open Data Infrastructure (ODI) that adheres to FAIR principles: Findable, Accessible, Interoperable, and
Reusable. The ODI will harmonize data typologies, procedures, and instrument specifications, making it eas-
ier to process and feed into DTO systems. This pipeline will include automated data validation and quality
control mechanisms, following best practices. Special attention will be given to ensuring the data is suitable
for Al applications, particularly in solving distribution shift problems.

The proposed ODI integrates existing open-source data services into a modular architecture that covers the
entire data and metadata lifecycle. Key components include the SensorThings API for data/metadata storage,
ERDDAP for data delivery, Zabbix for system monitoring and alerting, and Grafana for visualizations. Ad-
ditionally, to ensure long-term impact and community adoption, all procedures and tools developed within
this framework will be made open-source and publicly accessible, fostering standardized practices across the
marine research community.
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