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ABSTRACT

The Marine Institute has worked to establish itself as a trusted source of FAIR
(Findable, Accessible, Interoperable, Reusable) data through internationally recognised
frameworks such as the Data Management Quality Management Framework and
CoreTrustSeal. These have supported the effective handling of complex, multi-
stakeholder marine data central to Ireland’s Marine Spatial Planning. This paper
presents a summary of these frameworks, and how they have evolved to meet
ongoing needs, an analysis of how they fulfil international standards and principles,
and lessons learned during their implementation.

Preserving marine data is essential to maximise the long-term value of oceanographic
research and environmental monitoring. Marine datasets, ranging from biodiversity
and ocean chemistry to climate trends, require extensive resources to gather. Ensuring
their preservation allows future researchers to analyse historical changes, improve
predictive models, and collaborate across disciplines and regions. Standardisation,
secure storage, and proper documentation are vital for keeping data accessible,
interpretable, and trustworthy.

The Marine Institute’s approach highlights that frameworks and certifications, while
critical, are not enough. Success depends on a data culture that supports skilled and
empowered people, clear communication, and continuous learning. Technical systems
must be matched by human engagement and adequate resourcing. Marine data
management is a collaborative discipline, requiring integration of people, technologies,
and methodologies to ensure data quality and reuse. Through continued leadership
support, staff engagement and a willingness to embrace change across all levels, the
Marine Institute’s marine data management is well positioned for the future.
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1. INTRODUCTION
IMPORTANCE OF DATA MANAGEMENT IN MARINE SCIENCE

Data management in marine science is critical for ensuring the integrity, accessibility, and
usability (Flynn et al., 2023; Owens et al., 2022) of the vast amounts of data collected from
marine research, including oceanographic observations and model results, socio-economic data
and data concerning other human activities in the marine environment. With the complexity and
scale of marine ecosystems (Fogarty et al., 2016), scientists, policy-makers, and researchers rely
on well-organised data to track environmental changes, study marine species, and understand
ocean processes. Effective data management enables the sharing and integration of datasets
across institutions and disciplines, facilitating collaboration and ensuring that data remains
available for future research. It also enhances the accuracy of predictive models (Ali et al., 2021)
and decision-making for conservation and sustainable use of marine resources. Inadequate
data management can lead to data loss, misinterpretation, or inefficiencies, hindering scientific
progress and the development of marine policies (Pasquetto et al., 2024).

Preserving marine data for reuse is essential for maximising the value of oceanographic research
and ensuring long-term environmental monitoring (Carolyn, 2023; Richards et al., 2013).
Marine data, whether it pertains to ocean chemistry, biodiversity, or climate impacts, often
requires significant resources to collect (Shucksmith and Kelly, 2014). By preserving this rich
data, researchers enable future generations to analyse historical trends, validate new findings,
and refine predictive models with richer datasets (Zilioli et al., 2021). Reusable data also fosters
collaboration across disciplines, regions, and timeframes, creating opportunities for discoveries
that were not possible during initial research. Ensuring proper documentation, standardised
formats, and secure storage systems is key to making this data accessible (Kapiszweski and
Karcher, 2020), interpretable (Coussement and Benoit, 2021), and trustworthy (Koedel et al.,
2022). Without preservation efforts, critical information could be lost, weakening our ability to
monitor and protect marine ecosystems in the face of ongoing environmental changes (Tray
et al., 2020).

Data Governance is key to reuse (Cerrillo-Martinez and Casadesus-de-Mingo, 2021) without
this clarity there would be very little reuse as a precautionary approach would likely be adopted
(Marcucci et al., 2023). Data reuse in marine science saves time and money by eliminating the
need to repeatedly collect similar datasets, which can be costly and logistically challenging in
demanding ocean environments. By making previously collected data accessible, researchers
can build on existing knowledge, avoiding duplication of effort, and resource expenditure.
This allows them to focus on new analyses, advanced modelling, or filling knowledge gaps
rather than repeating fieldwork or experiments. Reusing well-preserved data also accelerates
scientific discovery (Cousijn et al., 2022), as researchers can quickly compare historical and
current data, leading to more efficient and cost-effective research outcomes. Moreover,
it supports collaborative efforts, where institutions can share and benefit from each other’s
datasets, maximising the return on investment in marine research.

This paper asks if data management frameworks can be effective in helping to establish policies
and processes to govern the collection, management, and long-term preservation of marine
data. It describes the methodological approaches implemented by a multidisciplinary team at
the Marine Institute to achieve accreditation and certification for data management practices.
It discusses how engaged, motivated and supported people are integral to the process. Whilst
the paper specifically focuses on the Marine Institute many of its findings will apply to other
organisations working in similar data management contexts.

2. BACKGROUND AND CONTEXT
OVERVIEW OF THE MARINE INSTITUTE

The Marine Institute (MI) is the State agency responsible for marine research, technology
development, and innovationin Ireland, providing scientific and technical advice to Government
to help inform marine policy and to support the sustainable development of Ireland’s marine
resource. The MI was set up under the Marine Institute Act 1991: ‘to undertake, to coordinate,
to promote and to assist in marine research and development and to provide such services
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related to research and development that in the opinion of the Institute, will promote economic
development and create employment and protect the marine environment.” Clause 4.2(e) of
the Marine Institute Act (1991) further states that a function of the Institute is ‘to collect,
maintain and disseminate information relating to marine matters’ (eISB, 1991).

As a dynamic and client-focused national agency, the MI provides cross-government supports
for national marine programmes such as for fisheries and aquaculture management, marine
planning, marine environment, offshore renewable energy policy, transport, and marine
research across many areas (Flynn et al., 2024).

NATIONAL OCEANOGRAPHIC DATA CENTRE AND DIGITAL ECOSYSTEM

The MI plays a central role in Ireland’s national and international marine research efforts,
acting as a key node within a broad network of programmes that advance ocean knowledge,
sustainable development, and climate resilience. The MI actively contributes to the sustainable
management of oceans, coasts, and marine ecosystems as part of a global network of
Member States within the Intergovernmental Oceanographic Commission (I0C) of UNESCO,
which promotes international collaboration in marine science. This role is underpinned by
the operation of Ireland’s National Oceanographic Data Centre (NODC), which provides a
foundational platform for the acquisition, management, and dissemination of marine data
from Ireland. Through enhanced digital connectivity, strategic partnerships, and participation
ininitiatives such as EMODnet (EMODnet, 2009) and Copernicus Marine Services (CMEMS, 2015),
the MI ensures that data flows efficiently from acquisition to application. Data governance is
anchored by robust policies and practices promoting Open Data and adherence to the FAIR
principles (Wilkinson et al., 2016) ensuring transparency, reusability, and broad access.

As the NODC for Ireland, under its parent department, the Department of Agriculture, Food and
the Marine (DAFM), the MI has played a leading role in marine data management and availability
for over 30 years, operating a number of data acquisition platforms and programmes which
underpin national marine related services (ERDDAP, 2015; MI, 2010). In addition to operational
activities, the ML is a research-performing organisation and a marine research funder in Ireland
(eISB, 1991).

Demonstrating the Marine Institute’s commitment to a multi-stakeholder digital ecosystem,
users of Marine Institute services, including scientific advisory services and access to marine
data and information are typically in academia and education, the European Commission, local
authority organisations, government departments (e.g., Department of Agriculture, Food and
Marine (DAFM), Department of Housing, Local Government and Heritage (DHLGH), Department
of the Environment, Climate and Communications (DECC), and agencies (e.g., Environmental
Protection Agency (EPA), Sustainable Energy Authority Ireland (SEAI), Geological Survey Ireland
(GSI)) industry, and environmental consultants. Data from the MI is also used by international
organisations such as the International Council for the Exploration of the Sea (ICES) and the
International Commission for the Conservation of Atlantic Tunas (ICCAT). Users also include
interested members of the public. The UN Decade of the Ocean, through its Challenge 8, aims
to create a trusted, inclusive, and interconnected digital representation of the ocean. While the
global model can support regional programmes, it will feed and rely on national and sub-national
programmes, data, and services to meet the relevant Ocean Decade outcome - an accessible
ocean with open and equitable access to data, information and technology and innovation.
These will provide the data inputs to the global models and the granularity required for national
and local decision making. This representation, through multi-stakeholder collaboration, will
provide a dynamic map of the ocean and free, open access to ocean and marine data (Calewaert
etal., 2024). In the context of such international collaboration, a value chain from observations
or collection to end-user services has been proposed to facilitate cooperation in the creation of
an ocean commons (Alvarez Fanjul et al., 2022; Bahurel et al., 2010).

CHALLENGES OF MARINE DATA MANAGEMENT WITHIN AN IRISH LANDSCAPE

Despite the MI's leadership in marine data management, several challenges persist in fully
realising the value of marine data in Ireland. Some of these challenges are similar to other
environmental data management organisations (Biber, 2013) whilst some are specific to the
Irish context:

Flynn et al.
Data Science Journal
DOI: 10.5334/dsj-2025-024



* Data collection can’t be reproduced Flynn et al.
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Marine data is collected at a specific time and place. Whilst data is typically collected DOI: 10.5334/dsj-2025-024

multiple times, often over many years, the data collected at a specific time cannot be
directly reproduced since the environment that is being measured has changed.

*  Timeseries

Marine data will typically need to be collected over many years, and there will often
be changes of personnel, equipment, and methods during this period. The data must
be managed during this extended period, and the changes correctly documented. It
might also be the case that data cannot be used until the time-series has reached a
minimum length.

*  Cost

Some types of marine data collected are expensive, in particular, surveys on
dedicated research vessels. These data collection programmes must be funded on
an ongoing basis, often over many years. The management of the data collected
should be considered a core cost and included within the budget, but this has not
always happened.

*  Culture

Ongoing marine data collection might not yield as many scientific publications as
novel experimentation, making it less attractive to scientists. Data is often collected
for a specific purpose - once this initial purpose is completed the collectors might not
have the time or interest to document and publish the data for use outside of their
community. Data stewards might have received little training in how to make their
data FAIR.

» Interoperability

Achieving syntactic interoperability (common formats) is only part of the solution;,
semantic interoperability, using shared vocabularies to align meaning, is essential to
ensure datasets can be reliably discovered, understood, and integrated. This includes
generalised vocabularies as well as domain-specific ontologies for marine and
environmental sciences (Schaap and Lowry, 2010). When appropriately implemented,
these vocabularies allow machine readability and enable the construction of
knowledge graphs, which are increasingly used in advanced data discovery interfaces
and Artificial Intelligence applications (Han et al., 2025; Leadbetter et al., 2014; Liu
and Cheng, 2024). Such technologies hold particular promise in integrating diverse
marine datasets to generate insights that would otherwise remain hidden.

*  Technical limitations

The growing influx of real-time, high-resolution data from remote sensing, buoys, and
autonomous systems is often underutilised due to processing limitations and funding
constraints.

* Organisational and legislative complexity

Platforms like Ireland’s Marine Atlas and ERDDAP have improved access to
environmental and oceanographic datasets, yet data fragmentation remains an issue,
with datasets held across multiple agencies in varying formats, with inconsistent
metadata standards and access restrictions. This complicates the creation of
integrated views necessary for critical applications such as Marine Spatial Planning
and Climate Resilience Modelling. While the Marine Institute contributes to European
platforms like EMODnet and Copernicus Marine Services, aligning national outputs with
international standards demands ongoing, resource-intensive harmonisation efforts.

+ Confidential and personal data

Ethical, legal, and governance concerns, particularly around sensitive data such as
fisheries activity and protected habitats, further complicate the implementation of
open and FAIR data principles.



* Diverse data collection communities

Implementing standards in marine data management is not uniform across
disciplines. Physical oceanography, with its long-established involvement in
international observing programmes (e.g., through EMODnet, Copernicus Marine
Services), benefits from well-developed data standards, shared vocabularies, and
common data formats. For instance, time-series data from ocean buoys or satellite
observations are often standardised using protocols such as NetCDF, with metadata
aligned to standards like ISO 19115 or SeaDataNet. In contrast, other domains’
data management can lag behind, often relying on legacy systems, varied data
collection methods, or restricted access due to commercial sensitivities. This leads
to inconsistent data quality, incomplete metadata, or limited interoperability, which
poses challenges for national-level integration and reuse.

Many of these challenges reflect wider global gaps in marine data curation and stewardship,
including limited interoperability, sparse biological and biodiversity data, especially in
underexplored regions and insufficient long-term preservation infrastructure.

Addressing the persistent gaps requires sustained investment, improved coordination, and
robust national policies to ensure Ireland’s marine data ecosystem can meet both domestic
and global needs.

The diversity of marine data types ranging from high-frequency sensor data and remote sensing
outputs to biological survey results, socio-economic datasets, and fisheries catch reports
requires adaptable data governance. A one-size-fits-all approach does not suffice. Instead, the
MI’s strategy has been to apply and adapt data standards contextually, recognising where
established frameworks exist and where further development or harmonisation is needed (M1,
2023).

These challenges are especially significant as emerging technologies, such as Digital Twins of
the Ocean, place new demands on data quality, consistency, and timeliness. Effective marine
data management is a critical enabler for Digital Twins and decision support tools, which reuse
marine data to simulate real-world conditions and model complex scenarios (Lv et al., 2023;
McFerren et al., 2018; Miedtank et al., 2024). These models enhance ocean management
by supporting informed decisions on fisheries, conservation, and coastal development (Coro
et al.,, 2020). Digital Twins reduce costs and risks by testing strategies in virtual environments,
modelling elements such as ocean currents (Schneider et al., 2023), ecosystem dynamics
(Chust et al., 2022), and climate scenarios (Bronner et al., 2023). Well-curated marine data
also underpins machine learning, synthetic data generation, and Al-driven innovation, further
strengthening sustainable ocean governance.

QUALITY AND STANDARDS FRAMEWORKS IN MARINE DATA MANAGEMENT

Since 2017, the MI has strategically prioritised the adoption of quality processes and international
standards to establish itself as a trusted source of marine data within Ireland and globally. This
approach supports the effective management of complex, multi-disciplinary marine datasets,
ensuring they are FAIR, and aligned with national and international best practices.

In practice, the tools put in place have supported the delivery of repeatable, transparent,
and robust data processes, as demonstrated through Ireland’s Marine Spatial Planning (MSP)
processes. They have enabled the integration of stakeholder consultation feedback while
maintaining the integrity of marine datasets used for policy, environmental protection, and
resource planning (Flynn et al., 2021; Flynn et al., 2023).

Internationally recognised certifications and quality frameworks build trust in marine
data repositories by promoting consistency in data handling, from acquisition through to
dissemination. They foster collaboration across sectors, including government, academia, and
industry, and help to streamline workflows and improve decision-making based on reliable
data. In the marine context, where decisions affect biodiversity, coastal communities, and
national economic activities, such reliability is not just beneficial but essential.

It is important to acknowledge that implementing these standards is not a linear or finite task.
Each adoption involves customisation to fit internal institutional processes, while still aligning
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with externally mandated requirements (Bosch, 2016). At the MI, staff expertise has played a
central role in tailoring frameworks to suit Ireland’s national marine data priorities, from deep-
sea monitoring and oceanographic research to fisheries management and marine spatial
planning. Moreover, the Institute recognises that framework implementation is a continuous
process, requiring ongoing investment, evaluation, and flexibility to adapt to new technologies,
shifting policy landscapes, and evolving international expectations.

3. METHODOLOGY
EVOLUTION OF FRAMEWORKS

The Marine Institute’s Data Strategy (2017) describes the commitment of the Marine Institute
‘To become an international centre of excellence in the provision of open access, high-quality
data and information services that meet the needs of our clients and stakeholders, advance
ocean knowledge, provide integrated advice and support blue growth.” One of the objectives
of the Data Strategy is to ensure that high quality marine data underpins the development of
Ireland’s marine sectors with the strategic objective that the MI “...is a trusted source of high-
quality data with well-defined reproducible processes’.

To address and achieve these ambitious goals the MI set about establishing a Data & IT
Roadmap along with an Implementation Plan. Figure 1 demonstrates the timeline of events.
The first step involved the establishment of a Data Management Framework: DM-QMF.

STEP 1 - DM-QMF - ACCREDITATION AND IMPLEMENTATION

In 2019, the Marine Instituteinitsremit as Ireland’s National Oceanographic Data Centre, received
international accreditation of its Data Management Quality Management Framework by the
Intergovernmental Oceanographic Commission of UNESCO’s International Oceanographic Data
and Information Exchange programme (IOC-IODE) (IOC-IODE, 2019; Leadbetter et al., 2020aq;
Reed, 2023). The Data Management Quality Management Framework (DM-QMF) (Leadbetter
et al., 2020a), aligned to ISO 9001, was developed to guide data management activities from
collection, storage, quality control, and analysis to data outputs from providing persistent
identifiers for datasets to legislative reporting. Since the initial accreditation, maintaining this
recognition from the international community has been a priority, and there has been a focus
on the further development of the Institute’s DM-QMF in its organisational strategy ‘Ocean
Knowledge that Informs and Inspires’ (MI, 2023). The evolved DM-QMF has been identified as a
key support for the wider digitalisation of scientific workflows and adoption and use of advanced
data processes and analytical tools. Re-accreditation was awarded by IOC-IODE in 2023.

In the submission for IOC-IODE accreditation, a Data Management Quality Management
model was developed along with a manual detailing the model and its implementation across
the data producing areas of the Marine Institute (Leadbetter et al., 2020a). At a more practical
level, an implementation pack (internally referred to as a ‘DM-QMF Pack’) consisting of a
number of templates to assist in the compilation of the documentation required by the model
and the manual was developed (Leadbetter et al., 2020a). Leadbetter et al. also reported that
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establishing a network of Data Owners, Data Stewards and Data Coordinators was instrumental
for the establishment and successful implementation; and was honest in that a high degree of
coordination is in fact required including the freeing up of such resources from their daily tasks.

STEP 2 - DM-QMF VS. ISO 9001 GAP ANALYSIS

In 2020 the MI conducted a thorough gap analysis between the full ISO 9001 standard and
the MI’s DM-QMF (internal document) to ascertain the effectiveness of the newly established
DM-QMF. The fundamental difference between the MI’s DM-QMF Accreditation and the ISO
9001:2015 Certification process comes down to full implementation and auditing. Whilst the
MI DM-QMF is aligned to ISO 9001 there is no external auditing involved, this is limited to an
internal ‘performance evaluation’ (Leadbetter et al.,, 2020a) and not all data processes in the
Marine Institute are yet fully managed under the framework. This is encapsulated by the scope
of the initial DM-QMF submission being in the initial phase limited to the organisation’s core
operational work with research projects considered out of scope. With the DM-QMF the Marine
Institute are making a statement that they are committed to working towards all processes
under the framework over time.

The main distinction between accreditation and certification is around who and how it is
done; certification is a third party ‘certifying’ a completion to an acceptable level; whereas
accreditation is the assessment body first assessing and then allocating the accreditation
if deemed appropriate. In this case, the assessment body for the DM-QMF was (UNESCO)
International Oceanographic Commission’s IODE programme.

To conduct a thorough gap analysis successfully it was first important to understand the
structure of the full ISO standard. For the purposes of the analysis, it was identified that there
are 131 ‘shall’ statements written in the ISO 9001:2015 standard;

*  ‘Shall’ indicates a requirement

*  ‘Should’ indicates a recommendation

*  ‘May’ indicates a permission

* ‘Can’indicates a possibility or capability.

These ‘Shall’ statements expand to 238 line items, e.g. ‘The organisation shall do: q, b, ¢, d, f, and
g’, meaning that throughout the ISO 9001:2015 standard there are 368 individual requirements.
Each of these requirements can be audited and failure to demonstrate evidence sufficient to
show how each are being delivered has the potential to result in a non-conformance. These
non-conformances have limited timeframes in which they must be addressed and actioned
upon to maintain accreditation.

The ISO standard employs a process approach which incorporates the Plan-Do-Check-Act (PCDA)
cycle and risk-based thinking. Risk has always been part of ISO standards, however ISO 9001:2015
now looks to apply risk-based thinking to a variety of processes across planning, operations,
and performance evaluation. Risks do not necessarily have to be negative, they can be seen
as opportunities for increasing the effectiveness of individual processes, as well as the quality
management system itself, by achieving improved results and preventing undesirable results.

To ascertain if a process is functioning under ISO 9001:2015 an Auditor looks for 3 key elements:

1. Is the process compliant?
2. Isthe process effective?
3. Isthe process continuously improving?

Therefore, this can be represented as over 1,000 (~1,104) different ways in which a process can
fail over during an audit under ISO 9001:2015. Table 1 gives an indication of the scale of the
requirements to achieve full accreditation.

CHAPTERS OF ISO  ‘SHALL’ COMPLIANCE  EFFECTIVENESS RISK-BASED
9001:2015 (LINE STATEMENTS) THINKING

Total 131 (368) 368 736 1,104
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It was agreed that in order to ascertain how closely aligned the MI's DM QMF is to the
ISO 9001:2015 was to conduct a thorough analysis of the framework against these 3
considerations: compliance, effectiveness, and risk-based thinking (also referred to as
‘continuous improvements’).

STEP 3 — RESEARCH DM-QMF

From the learnings obtained both during the establishment and implementation of the DM-
QMF and in the gap analysis, it was recommended to expand the scope of the datasets
and processes covered by the DM-QMF. As noted above, the initial scope was limited to the
organisation’s core operational work and research projects were treated as out of scope. In the
context of the DM-QMF ‘operational’ is deemed to refer to those processes that form part of
the core and ongoing work that the Marine Institute is mandated and funded to deliver (e.g.,
long-term environmental monitoring, provision of data services).

As the Marine Institute is also a research performer and is actively involved in research projects
in addition to delivering its core operational services (eISB, 1991). A research project has been
defined in this context as a discrete scientific endeavour to answer a research question or a
set of research questions with a defined time-period and resources. Involvement in research
projects by the organisation is primarily targeted at enhancing or supporting the Marine
Institute’s operational capacity.

The Research DM-QMF was developed and is intended to document research project deliverables
involving Marine Institute researchers from all funding sources, not limited to research funding
provided through the Marine Institute itself.

Without managing research data outputs, there is a risk of reputational damage as data
hungry initiatives like Marine Strategy Framework Directive (MSFD), the Marine Spatial Planning
(MSP), and Climate Change Mitigation require publicly funded data to fulfil their goals. Having
data stored ‘somewhere’ in an email or on a local, or even shared drive is unsuitable; similarly,
not knowing which the definitive version is to retain is not sustainable. It is essential that there
is sufficient supporting descriptive metadata and that the data are stored in open, optimised
formats for long-term preservation. This becomes even more important when committing to
ingesting datasets from an external organisation, as is the function of a NODC (IODE, 2020b).
In the Marine Institutes remit as coordinating the NODC, it is committed to becoming a
competent and confident data custodian, which led the Institute to consider complementary
accreditations and/or certifications to demonstrate this capability.

STEP 4 — DIGITAL PRESERVATION FRAMEWORK

In extending the DM-QMF remit to discrete datasets and data originating from third parties,
such as research project data, the Marine Institute explored complementary frameworks to
support and accredit or certify data management activities. Some of the datasets in question
comprise data which has been previously collected and is being repurposed (Gov.ie, 2021) or
data which are the result of a discrete scientific activity to answer research questions with a
defined time period and resources. When managing discrete data, particularly from an external
organisation, there is a greater requirement for appropriate documentation to ensure the data
are available for reuse. The ability to recover undocumented knowledge and data outputs
becomes increasingly difficult with time.

Following a full analysis of internal digital preservation processes, and an assessment of the
suitability of the existing DM-QMF process, the outcome was to develop a Digital Preservation
Framework and later to submit an application for CoreTrustSeal Certification (October 2022)
in support of the Marine Institutes Digital Preservation work. CoreTrustSeal (CoreTrustSeal
Standards and Certification Board, 2020; Dillo and Leeuw, 2018; L’'Hours et al., 2019) was
chosen to be a suitable framework complementary to the existing DM-QMF to manage and
preserve data over time. All data archival processes follow the Open Archival Information
System (OAIS) model (aligned to ISO 16363) (The Consultative Committee for Space Data
Systems (CCSDS), 2012).
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Figure 2 Open Archive
Information System (OAIS)
model depicting how DM-QMF
can become ingestion suite.

Figure 2 illustrates how documentation created as part of a Research DM-QMF can be further
utilised as part of the CoreTrustSeal Ingestion Process.

The OAIS model (The Consultative Committee for Space Data Systems (CCSDS), 2012) consists
of three information packages:

1. The Submission Information Package - SIP is the version of the information package
that is transferred from the Producer to the NODC following OAIS and what is ingested
into the Archive.

2. The Archival Information Package - AIP, the version of the information package stored
and preserved, commences once the ingestion process has been completed.

3. The Dissemination Information Package - DIP is the version of the information package
delivered to the Consumer in response to an access request.

The Marine Institute, in its remit as the National Oceanographic Data Centre (NODC) were
Certified as a Trustworthy Data Repository by the CoreTrustSeal Standards and Certification
Board until 19 September 2027 (CoreTrustSeal-AMT, 2024).

ADDITIONAL FRAMEWORKS

There are anumber of other frameworks in use at the MIincluding, ISO 27001, used to safequard
marine data through a structured Information Security Policy, ensuring data confidentiality,
integrity, and availability. An ICT Risk Management framework, aligned with ISO 27005:2022,
supports this by addressing legal, regulatory, and business requirements. Cyber threats are
growing, with education and research now the second most targeted sector by nation-state
actors (Microsoft, 2024). ISO 27001 enables MI to build strong cybersecurity systems covering
strategic and operational needs.

The MI supports seafood industry testing and complies with EU legislation, maintaining I1SO
17025 accreditation since 2002 to ensure technically valid results via independent audits.

4. RESULTS
BENEFITS AND LEARNINGS FROM DM-QMF

The implementation within the operational activities of the Marine Institute have resulted in (at
the time of writing) 135 datasets/processes now managed through the DM-QMF and a cumulative
total of 304 formal meetings known as ‘performance evaluations’ to identify opportunities for
improvement. The quality assurance of these data processes provides a solid foundation for
the evidence base that underpins national marine decision making. While being very active in
marine data acquisition, including through the national offshore research vessels, the Marine
Institute has long acted as a broker for a range of data from partner organisations including
research data. These data sets are important contributions to national marine programmes,



such as the National Marine Planning Framework, the Ocean Renewable Energy Development
Plan, and for marine licensing services. Table 2 lists the benefits, both formal and informal that
have been provided from the implementation of the DM-QMF at the Marine Institute.

COMMUNICATION
CHANNEL

BENEFIT

Formal* Improves customer satisfaction: Delivering a more consistent service/product using

well documented processes and procedures.

Increases staff Engagement.

Improves risk management.

Aids reduction of waste.

Provides direction for defining, improving, and controlling processes.

Facilitates and helps identify training opportunities.

Aids with setting organisation-wide direction.

Communicates an ability and commitment to produce consistent high-quality results.

Informal” Greater consistency in data products and services produced by the MI.

Increased efficiency by improving time and resources, improved customer satisfaction.

Consistency with all processes across the service areas.

Continuous assessment and opportunities for improvement.

Training materials for all staff - particular benefit to new starters.

Reduced risk of undocumented processes and procedures.

The identification of any sensitives associated with General Data Protection
Regulations (GDPR) as well as the more recent Artificial Intelligence Act.

Ensuring the quality of the management of data for use in Marine Spatial Planning,
Marine Strategy Framework Directive, European Maritime Fisheries Fund, and other
data-demanding legislative drivers into the future.

The use of data visualisation dashboards is gaining traction which offers further
insights into the underlying data; from a Quality Control perspective but also added
value opportunities.

LEARNINGS FROM GAP ANALYSIS

Results demonstrated that from a ‘Compliance’ perspective the DM QMF Manual was clearly very
well written covering all the necessary elements of the ISO 9001:2015 standards 10 chapters
together with all mandatory records ‘documented information’ or ‘documented Procedures/
Records’ that must be kept.

In relation to ‘effectiveness’, in 2020, it was shown that there was not sufficient documentation
yet available to demonstrate the effectiveness of the processes beyond the apparent successful
completion of the process outputs. Based on a test case examined it was not possible for
experienced data professionals to step in and follow the processes without substantial time-
consuming ‘piecing together’ of the individual components, accompanied by significant support
from numerous MI staff involved (~10 hours of additional support were required). This meant
that more detailed documentation in relation to the processes were necessary; this has been
tested significantly more recently as staff changes have seen the documentation under the
DM-QMF used as a suite for both starter notes and handover notes during staff changes.

Finally regarding ‘continuous improvement’ or ‘risk-based thinking’, in 2020, it was not evident
that the test case had ever been analysed in detail; by identifying the potential to remove
manual steps, implement standardised technologies or identify and/or remove any redundant
components by streamlining and refining the processes. In fact, what it did show was despite the
process being run very effectively each year, it did take approximately four weeks, involving 172
steps: 74 of which were manual and the use of 17 technologies (see Section In-house Test Case).

BENEFITS OF OPTIMISED DIGITAL PRESERVATION

The MI’s Digital Preservation Framework provides a structure for policies and practices related
to digital preservation. By developing this and achieving CTS certification, the benefits include
(Table 3).
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Table 2 Benefits of the DM-
QMF.

*Formal benefits were captured
as part of an OceanTeacher
Global Academy Training
Course that was developed and
delivered by originators of the
DM-QMF at the Marine Institute
October 2020 (UNESCO, 2002).

Anformal communications
with Data Stewards and Data
Coordinators within the Marine
Institute (pers. comms).



COMMUNICATION
CHANNEL

BENEFIT

Formal*

Validates the quality and transparency of internal processes

Increases awareness of and compliance with established standards

Builds stakeholder confidence

Enhances the reputation of the NODC

Demonstrates that the NODC is following best practices

Is a benchmark for comparison and helps to determine the strengths and weaknesses

of the NODC

Informal”

Provides a framework for the policies and practices related to scientific data curation

and preservation

Provides assurance that data are preserved and can be reused in the future

Helps plan data preservation sustainably

The IODE has confirmed reaccreditation of the MI’s existing Data Management Quality

Management framework (Reed, 2023, p. 10)*

FAIR PRINCIPLES - WHERE ARE WE NOW?

The FAIR Principles (Wilkinson et al., 2016) were developed without explicit guidance on how

to achieve the level of compliance or to ascertain a measurement of FAIRness. However, it is
reported that if a repository is successful in achieving CoreTrustSeal Certification, it indicates
the data preserved can be said to meet with elements of the FAIR Principles (Mokrane and
Recker, 2019). A mapping between FAIR and CoreTrustSeal (Mokrane and Recker, 2019) was
used as a guide by the NODC during the development of its Digital Preservation Framework and
subsequent successful application for CoreTrustSeal certification (Table 4).

FAIR NODC ‘APPROACH’ CHECKS IN PLACE
PRINCIPLES
FINDABLE *  The Data Catalogue publishes metadata for datasets and The DM-QMF

services in ISO 19115/19139 based XML format (in compliance
with the INSPIRE directive) and provides comprehensive
metadata for each dataset.

Datasets are indexed with consistent metadata that makes
them easily searchable.

A dissemination checklist examines the process by which each
step of a Consumer request for data is managed within the NODC.
The Data Catalogue contains a record of all datasets contained
within the NODC along with the relevant information as captured
within the Service Agreement, including citation details.

The Data Catalogue assigns a unique identifier to each dataset of
the form ‘ie.marine.data:dataset.{dataset _id}’ so the dataset can
be tracked in downstream aggregators.

A digital object identifier through a contract with DataCite may
be applied to datasets via the Data Catalogue. These unique
IDs are used to provide cross-linkages in the metadata where
appropriate.

Metadata records can also be harvested from the Data Catalogue
to other metadata catalogues, portals and aggregators,
facilitating better discoverability.

(aligned to ISO
9001) requires
the population
of a Data
Catalogue record
as part of the
implementation
pack.

The NODC follows
the best practice
guidance as
described in

the Draft Data
Preservation Policy.
This includes the
1SO 14721 (OAIS
Model) for storage
as well as the
other preservation
functions.

ACCESSIBLE °

Where available, the metadata provided by the Marine Institute
data catalogue includes access links to the datasets and data
services. The catalogue provides datasets in machine-readable
formats (e.g., CSV, NetCDF, or GeoTIFF).

The MI Data Catalogue meets domain-specific, community-
defined standards, and legislative requirements placed on data
publishers. Schemas and standards include ISO 19115/19139

based XML, Datacite and Observations and Measurements (O&M).

The XML is harvested into the MI's Data Catalogue, which
provides an OGC Catalogue Service for the Web endpoint, allows
machine harvesting to other portals including the Irish Spatial
Data Exchange (ISDE), and to the Irish Open Data Portal.

Data is accessed via defined protocols to ensure data is accessed
reliably and securely. Many datasets contain URLs for dataset
downloads and other RESTful URLs.

A Data Catalogue
has been
developed to
export metadata
for datasets and
services in ISO
19115/19139
based XML format
in compliance
with the INSPIRE
implementing
rules for metadata
(Leadbetter et al.,
2020b).

(Contd.)

Table 3 Benefits of a Digital
Preservation Framework (CTS).

*Formal benefits as depicted
by CTS themselves.

Anformal communications
(pers, commes).

AN ‘Any NODC or ADU that has
been certified by CoreTrustSeal
will be awarded the status

of Accredited IODE National
Oceanographic Data Centre or
Accredited IODE Associate Data
Unit provided they can show
evidence of (i) providing national
reports to the IODE Committee,
and (ii) adherence to IODE
Standards and Best Practice.’

Table 4 Mapping between
FAIR, CTS requirements and
how the MI has met these
requirements.



FAIR NODC ‘APPROACH’ CHECKS IN PLACE
PRINCIPLES

INTEROPER- The use of standardised formats, and vocabularies support OGC CSW (Catalog
ABLE data integration and interoperability. The Data Catalogue Service for the

uses well-managed, community governed controlled
vocabularies, including the SeaDataNet Vocabularies and British
Oceanographic Data Centre (BODC) Vocabularies. Detailed
description of parameters within datasets enables mapping to
BODC Parameter Usage Vocabulary (PUV) and its semantic model.
The BODC PUV is a controlled vocabulary for labelling variables in
databases and data files in oceanography and related domains;

a collection of unique and persistent identifiers attached to

Web) which aligns
with ISO 19128:
supports metadata
retrieval using ISO
19115/1S0 19139
standards, ensuring
compatibility with
standardised

structurally logical labels and textual definitions. metadata schemas

*  These controlled vocabularies are hosted on vocabulary servers
which also enable FAIR principles using web semantic description,
and are reachable through SPARQL endpoints

*  Data citations are provided for datasets.

REUSABLE °

Records in the Data Catalogue provide sufficient detail and
metadata to ensure reproducibility and future use

A Data Catalogue
has been

*  Lineage Statements: Information and references for sources and ~ developed to
processes that were used to create the dataset and an audit trail ~ €XPOrt metadata
for modifications to the original data. ISO 19115:2014, meeting ~ for datasets and

the FAIR principles on re-use’s requirement around dataset services in ISO
provenance 19115/19139

based XML format
in compliance
with the INSPIRE
implementing
rules for metadata
(Leadbetter et al.,

*  Licence Conditions: providing official permission to do, use or
own something. Data licenses exist on a spectrum from entirely
open to very restricted. As per MI Data Policy (Workflow) e.g.,
CC-BY 4.0, meeting the FAIR principle on re-use’s requirement
around advertising a data license and where possible using an
open license

2020b).

°  Documentation can be included to provide the context of o
how data was generated and should be interpreted using a The Digital
Supplementary Information field and linking with the Marine Preservation

Framework,

Institute’s Open Access Repository (OAR) where applicable.
The OAR collects, preserves and provides open access to the
publications of the Marine Institute

Certified under
CoreTrustSeal, is
aligned to ISO
16363 whichis a
standard for Trust
Digital Repositories.

°  Under the Digital Preservation Framework, certified under
CoreTrustSeal, the criteria for data integrity and requirements for
a preservation plan ensures that data is curated with long-term
reuse in mind.

The experience of the MI as the NODC in addressing some of the CoreTrustSeal requirements
has shown the importance of managing the reuse context over time. It is well understood that
data reuse must be in accordance with the context in which data was originally collected.

IN-HOUSE TEST CASE

Since the gap analysis learnings in 2020, the PDCA process of improvement has resulted in
several efficiencies for a scientific operational process when processing one years’ worth of
data. Historically it took ~four weeks - involving 172 steps - 74 of which were manual - using
17 technologies to achieve. This now takes ~three days where the Team are fully trained to
competently run the process themselves. This was achieved largely down to a more simplified
process involving a Jupyter Notebook that embraces the ethos of a ‘human in the loop’; meaning
staff are more confident that they understand and are in control as the process progresses. This
would not have been possible if the process was not fully documented (using the DM-QMF), a
performance evaluation conducted, the actions presented clearly to senior leadership and a
coordinated and vested effort to bring in the appropriate skillset to invest in the efficiencies.
More importantly, none of these efficiencies would have been possible if it was not for the
commitment to improvement from the scientists themselves - to invest in the time and effort
to challenge their existing practices and work collectively - learning new skills and approaches
to arrive at the outcome achieved.

As the recently updated Digital Preservation processes, now certified under CoreTrustSeal, are
still in its infancy, it is not yet possible to generate similar statistics in relation to the tangible
impacts, but it is expected to yield similar efficiencies.
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ANALYTICS AND REPORTING OF DM-QMF

Reporting on progress of the uptake of the DM-QMF is important in terms of re-accreditation of
the DM-QMF by UNESCO IOC-IODE but also more locally for reporting to the Marine Institute’s
senior leadership and board (Leadbetter et al., 2020a). Key Performance Indicators (KPIs) are
presented every quarter, which facilitates the board of directors to stay informed about the
functioning of the DM-QMF, and to provide guidance and feedback as necessary, to ensure the
achievement of long-term goals.

As the DM-QMF has been in operation at the MI for some time numerous supporting processes
have evolved. One example includes the establishment of ‘inventories’ from each service area
(n=6) pertaining to the individual processes being actively managed under the DM-QMF. These
inventories were initially developed in Excel capturing information such as status (complete,
in progress or not started), target dates for completion, and information pertaining to the
individual status of DM-QMF components (e.g. Data Management Plans). They also recorded
the number of performance evaluations conducted per process. Over time divergence between
spreadsheets occurred resulting in it becoming time-consuming to collate statistics for a
reporting cycle with many manual steps in the maintenance of the inventory and validating
the statistics drawn out of the inventories. It subsequently resulted in repetition to generate
information for a range of audiences (e.g. KPIs, service area meetings, DM-QMF quarterly
newsletter). A structured database now provides a consistent approach to managing the
DM-QMF pack inventory and in conjunction with a MS PowerBI report gives a mechanism to
interrogate the database for KPIs and other measures of progress. This has resulted in optimised
reporting of performance indicator statistics regarding the uptake of the DM-QMF in real time to
support the operationalisation of reporting.

5. DISCUSSION
WHAT HAS BEEN IMPROVED?

Coordinated management ‘PDCA’

Since the outcome of the gap analysis in 2020, further effort was placed upon addressing the
two elements that required more attention. As a direct result of a fuller implementation of the
‘performance evaluation” component of the DM-QMF (Leadbetter et al., 2020a) a live register
known as an ‘Actions Log’ has been developed to capture opportunities for improvement. This
collective effort across the Marine Institute has seen the development of a ‘ticketing system’
being developed and a series of questions being asked to ensure each opportunity is clearly
captured and evaluated, such as timelines, budget and resource availability. These Logs are now
reviewed monthly by senior management to facilitate optimised coordination and planning of
resources to coincide with the most pragmatic opportunities for improvements.

Having the DM-QMF has clearly demonstrated a sharing of expertise so that a process is always
run sequentially, and several capable individuals are able to use the DM-QMF documentation to
ensure no process remains incomplete. Previously this was not always obvious until someone
left the Institute.

Management of updated or new data requirements/legislation

As well as enabling each process to capture categorically any association with GDPR, the
DM-QMF has meant highlighting any changes to existing or new relevant legislations e.g. the
Artificial Intelligence Act 2024 (EU Artificial Intelligence (AI) Act, 2024); new categories can be
added very quickly highlighting very swiftly to senior management any action that needs to be
taken. It is worth noting that this does not push the responsibility onto the DM-QMF framework
to mitigate these elements; but merely to highlight the need for any new mitigation measures
that might need to be put in place.

Relative rigour of the standards

One of the key differences between the quality frameworks in place at the Marine Institute and
full certification to ISO 9001:2015 standards is the level of external scrutiny that is placed on the
quality system. For example, the National Standards Authority of Ireland (NSAI) is accredited to
certify that organisations meet the ISO 9001:2015 standard (NSAI, 2025). They do this through

Flynn et al.
Data Science Journal
DOI: 10.5334/dsj-2025-024

13



a multi-stage process compared to the IODE accreditation process (IODE, 2020a), which is
relatively short.

Both the IODE and CoreTrustSeal processes rely on self-assessment and expert review of
documentation provided by the data centre, whilst the ISO 9001:2015 certification process
involves on-site visits and assessments by external auditors. These on-site assessments are
likely to be more rigorous than self-assessment and can highlight any differences between
what should be done and what actually is done. For example, whilst a policy might say that
a particular process must be followed for each data set submitted it might be the case that
in reality this does not always happen. This non-conformity might go un-detected if only the
policy is reviewed. Whilst self-assessment and internal audits are part of the ISO 9001:2015
standard the extra level of scrutiny provided during the external audit process helps to ensure
the quality management system is rigorously evaluated. The consequences of failing an audit
and potentially losing certification might also enable more resources to be devoted to ensuring
the quality management system is running effectively.

That said, whilst alignment often means there are no formal certification audits it does not
preclude internal gap analysis, assessments or audits using tools which are publicly available.

Level of effort

The best way to evaluate the benefits ofimplementing a quality management systemis to define
key performance indicators based on desired outcomes and ensure measurement is started
before the implementation process. This will provide a baseline to measure any improvements
against. This is defined in the standard under section 9.1 ‘Monitoring, measurement, analysis,
and evaluation’.

The direct costs of implementing a quality management system should also be recorded -
these could include items such as staff time, and external consultancy fees.

During critical analysis of the most pragmatic way forward, adapting the data frameworks to
suit the specific infrastructure within the Marine Institute, was also felt to be very challenging. A
similar summary was felt with the ISO 17025 accreditation for the laboratories (pers. comms).
Feedback suggested the level of effort required is continuous. Required activities include annual
auditing of all requirements of the standard; additional risk-based audits; non-conformance
resolution; continual improvements; change control; extending scope; and the addition of new
tests. There is also the need for continuing professional development for all staff since ongoing
competency is required and quality systems demand dedicated personnel working within them.

Improving data quality through metadata harmonisation and incorporating digital preservation
best practices is essential for long-term data usability. Metadata harmonisation ensures that
data from different sources are described in a standardised way, facilitating interoperability,
integration, and cross-disciplinary analysis. By aligning metadata fields - such as data collection
methods, formats, units, and spatial or temporal references - data consumers can more easily
compare and merge datasets, enhancing the accuracy and scope of insights. Additionally,
adopting digital preservation best practices, for example, using open, non-proprietary formats,
regularly migrating data to updated platforms, and maintaining secure, accessible archives,
protects data from obsolescence and loss. These practices ensure that data remains usable
and trustworthy over time, making it accessible for future research, analysis, and decision-
making. Metadata harmonisation and digital preservation create a foundation for robust data
management, extending the lifespan and reusability of valuable datasets.

Leadbetter (Leadbetter et al., 2020a) wrote that it was important to understand that whilst the
establishment of the DM-QMF assures the quality of the data management process, it does
not address the quality of the underlying data itself. It was hoped that by demonstrating the
quality assurance of the data management process that inevitably the data quality would also
be improved over time. This continues to be a work in progress through the Plan-Do-Check-Act
(PDCA) cycle (Sari et al.,, 2017) and processes are becoming more efficient and effective. One
consequence of these process optimisations is giving the data producers time back to invest in
scientific quality control and incorporate this into their process.

It has been well documented that optimised data management processes are multifaceted
and complex (Azami et al., 2023); this has indeed been the experience of the Marine Institute
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that it requires a systematic approach encompassing a wide variety of stakeholders. Expansion
of the initial Operational DM-QMF to a Research DM-QMF has indeed addressed a gap and
given the Institute confidence in its data management capabilities. Furthermore, establishing
a Digital Preservation Framework and obtaining CoreTrustSeal Certification demonstrates the
Institute’s ability to manage third party data preservation in a transparent manner.

However, while these frameworks offer structured guidance, the true driving force behind
success lies in the people involved. Having a team of properly skilled, motivated, and engaged
staff is a key factor in elevating an organisation’s data management practices. Those working
in this space need not only technical expertise but also a deep understanding of both the
regulatory environment and the specific challenges inherent in marine data. This extends to the
need for respect for domain expertise from data producers. It is critical that these professionals
are actively supported by senior management, ensuring they have the resources, training,
and backing necessary to excel in their roles. Furthermore, a willingness to adhere to relevant
legislation and meet the requirements of funding bodies is essential for maintaining operational
integrity. Organisations must be vigilant in staying up to date with new and evolving laws and
guidelines, always ensuring compliance.

Equally important is an organisational culture that embraces innovation; constantly scanning
the horizon for new and emerging technologies, methodologies, and best practices that can
transform basic data management practices into highly effective, resilient, and truly robust
ones. By fostering a proactive mindset toward change and continuous improvement, marine
data management can not only meet but exceed industry expectations, ensuring long-term
sustainability and success.

In the context of marine data management, Social Exchange Theory (Homans, 1958; Wilms
et al., 2020), Prospect Theory (Kahneman and Tversky, 1979; Wilms et al., 2020), and Nudge
Theory (Leonard, 2008) can potentially offer acuity into improving collaboration, decision-
making, and compliance. Afterall one of the most exciting prospects in the reuse of scientific
data is in the new insights it offers. The need to highlight the importance of fostering reciprocal
relationships, where organisations share data by recognising the long-term benefits, such
as access to larger or more diverse datasets. Using frameworks to guide decision-making by
offering new technologies or compliance with data standards (like ISO 27001) as potential
gains or as a means to avoid significant losses, such as data breaches or missed opportunities.
Encouraging compliance and enhancing data quality without imposing strict mandates by
simply making the process possible; fostering a culture of continual improvement with respect
to marine data management. By the utilisation of these data frameworks, it is possible to
create an environment that promotes cooperation, informed decision-making, and streamlined
adherence to regulations, ultimately driving better marine data management outcomes.

6. CONCLUSION

Marine data management is a specialised discipline that integrates people, processes,
technologies, and methodologies to effectively collect, store, analyse, and disseminate
oceanographic and marine-related data. It involves scientists, data managers, and IT specialists
who work together to ensure data accuracy, consistency, and accessibility. Processes like data
collection, validation, and standardisation are critical, while technologies such as sensors, remote
sensing tools, and data storage platforms play a key role. Additionally, methodologies for data
sharing, curation, and long-term preservation ensure that marine data can be reliably used for
research, environmental monitoring, and policy-making, supporting sustainable management of
marine ecosystems. The use of data frameworks goes a long way to demonstrate a competency
in marine data management; continuously exploring opportunities for improvements, horizon
scanning and investing in people are crucial to navigate all that must be achieved.

The Marine Institute has laid the groundwork for a strong data culture and remains committed to
its ongoing evolution. With continued leadership support, staff engagement, and a willingness
to embrace change across all levels, marine data management is well positioned for the future.
By sharing our experience, we hope to inspire others to contribute their own insights.

In essence, whilst data frameworks offer structure, it is a culture of skilled, empowered,
supported, and future-focused people - underpinned by clear communication, visible value,
and continuous learning - that elevates marine data management from merely good to great.
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