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What is Biodiversa+

Biodiversa+ is the new European co-funded biodiversity partnership supporting excellent
research on biodiversity with an impact for policy and society. It was jointly developed by
BiodivERsSA and the European Commission (DG Research & Innovation and DG
Environment) and was officially launched on 1 October 2021.

Biodiversa+ is part of the European Biodiversity Strategy for 2030 that aims to put Europe’s
biodiversity on a path to recovery by 2030.

The Partnership aims to connect science, policy and practise for transformative change. It
currently gathers 80 research programmers and funders and environmental policy actors
from 40 European and associated countries to work on 5 main objectives:

1. Plan and support research and innovation on biodiversity through a shared strategy,
annual joint calls for research projects and capacity building activities

2. Set up a network of harmonised schemes to improve monitoring of biodiversity and
ecosystem services across Europe

3. Contribute to high-end knowledge for deploying Nature-based Solutions and
valuation of biodiversity in the private sector

4. Ensure efficient science-based support for policy-making and implementation in
Europe

5. Strengthen the relevance and impact of pan-European research on biodiversity in
a global context

More information at: https://www.biodiversa.eu/
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Introduction

The story of gathering data reaches out to Palaeolithic tribes’ people (Kapcar, 2011) and that
of developing computational and data analysis tools to approx. 3000 years BC, with the
realisation of the abacus. In the last fifty years, data acquisition, computational storage and
power capacity, analytical and modelling tools for data analysis and visualisation, eScience
tools and services have increased impressively and at a continuously growing rate. Different
types of sensors are producing data on both abiotic and biotic components of Earth's
ecosystems at an unprecedented rate; at the same time, the research e-infrastructures
recently developed at the national, European and international level are offering both storage
and computational capacity and e-services and e-tools to run modelling on big data as never
before. Nevertheless, we still have problems in converting the collected data into knowledge
on mechanisms underlying biodiversity status, trends, dynamics and ecosystem functioning.

A critical point is that understanding the organisation of life in the Biosphere is a complex
process, not easily achievable simply describing in detail ecosystem structures being based
on the interlacing networks of interactions that every single individual establishes with the
abiotic environment and with the individuals of same or different species sharing the same
spatial unit at the same time. Interactions between conspecific individuals and co-occurring
species are (i) not easily estimated, while species occurrence and population density could be;
(i) have a nested organisation in complex interaction networks with direct and indirect effects
on individual energetics, behaviour and performances, which affect individual and population
fithess; and (iii) require time-consuming experimental approaches for their description and their
strength assessment, which limits data production. Moreover, the biological data and at a lower
extent the abiotic data required to decode the biodiversity patterns of variation, suffer from dis-
homogeneity in the sampling and quantification methodologies, from limited use of
standardisation procedures and semantic description.

Finally, the principle of open data and open science are still not fully embraced by the scientific
community and often data are still not described and documented following the FAIRness
principles and, therefore, are not findable (F), available (A), interoperable (1) and reusable (R)
(Wilkinson et al. 2016).

There is a strong effort to minimise these limitations through development of procedures of
metadata standardisation, data and metadata harmonisation and interoperability. On these
issues there is a growing attention of national, European and international Initiatives, research
infrastructures and large projects to improve the standardisation and FAIRness of data and
datasets towards a wider harmonisation and interoperability. This Biodiversa+ report is focused
on data and datasets harmonisation and interoperability.

Data harmonisation is a process that aims to transform data from different sources in such a
way that they fit together and provide users with a comparable view of data from different
studies. This is a process modification of semantics and data structure and adjustment of
differences among different labels, measurements, methods, and procedures in a way that is
of no apprehension to the end user.

www.biodiversa.eu
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The capacity of using wider data on biodiversity has great importance for better modelling that
provides guidelines for decisions on how to manage biological diversity in terms of production
and conservation. At that point, we need to standardise data sets that are available in machine-
to-machine processes.

Interoperability is the ability of applications to operate across otherwise incompatible systems;
it gives the possibility for datasets/ metadata to be merged, and for services to interact, without
repetitive manual operations, in the manner that the result is harmonious. It has a direct role
in increasing the impact of research, encouraging innovations, and taking the lead on new
collaborations between data users and creators. Analysis of big, harmonised datasets on
biodiversity can provide better sight into the future of biodiversity, and trend identification. It
can help acting and helps act, creating policies on a local, national, and global scales.

This report is a building block, based on the Biodiversa+ work, to contribute to the overall aim
of supporting the harmonisation of biodiversity monitoring databases and the data
interoperability across Europe.

This report:

1. analyses the state of the art on data and datasets harmonisation and interoperability at
the European and global scale and advertises the EuropaBON biodiversity monitoring
database!, which is providing a mapping of how biodiversity data collected in
monitoring schemes across Europe flows through different institutions and programs
(section 1);

2. synthetically presents the outcomes of two workshops held on data architecture and
data workflows harmonisation and interoperability with the contribution of both
European/global projects, Initiatives and Research Infrastructures, and national
Institutions (section 2);

3. addresses the potential role of Biodiversa+ in supporting data interoperability and
harmonisation for better biodiversity monitoring in Europe, with a concrete portfolio of
activities (section 3);

4. considers some suggestions on howto ensure deeper and more effective
harmonisation and interoperability of biodiversity monitoring data and databases in
Europe (section ‘Conclusions’).

! EuropaBON: https://europabon.org/?page_id=2513

www.biodiversa.eu
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1. State of the art on data/ dataset harmonisation and
interoperability

The need to combine and analyse biodiversity data coming from different sources and with
different standards represents one of the most challenging aspects. Indeed, biodiversity data
are highly complex due to the number of involved data types, the heterogeneity of data
collection procedures, the different formats used for their description and the level of
accessibility. These might limit harmonisation and interoperability.

e Types of the data show variety as species distribution map, species occurrence
records, species abundance, species threat status, species abundance trend, species
behaviour / trait, habitat and vegetation maps, species genetic composition, community
composition, ecosystem functions, intraspecific and intrapopulation trait data and their
variability. (Underwood, Taylor, & Tucker, 2018)

e Source of data: Primary data are those data directly collected in the field or in the lab,
through sampling or using sensors by researchers; data collections refer to sampling
techniques and methodological procedures of sensor characteristics, which have an
influence on the data. Data might be then checklists, occurrence data that give
information about the location of an individual organism at a particular time, sampling
event data that are collected via specific protocols for measuring (monitoring programs,
research projects, etc.). Secondary data are those data that are produced by
researchers or any type of data users through a process of data analysis and modelling,
representing different types of synthetic descriptions of biodiversity data characteristics
and which clearly refer to the procedure for primary biodiversity data analysis. They
include also those data collected through data mining procedures from published, peer-
reviewed and/or grey literature.

e Data format: Lately the scientific community tends to organise data in different digital
formats such as binary file formats, comma separated values or raster data. However,
many datasets still exist in PDF and even JPEG format (especially historic data) so that
they are not available for machine-to-machine processes (Hebert et al., 2013).

e Data accessibility: The possibility to access biodiversity data can remain limited by
licensing agreement, data security & policy and the cost of non-open access data.

Therefore, biodiversity data need proper description and harmonisation, to ensure full
comparability of the primary data which can be openly shared. Multilateral or fully open
systems that allow to share biodiversity data represent hence a necessary step forward to
deepen knowledge and understanding on biodiversity organisation, status and conservation at
any level of spatial scale, from the ecosystem to the global ones, providing enormous societal
benefits (Aubry et al., 2022; Scholz et al., 2022; von Wettberg & Khoury, 2022).

Transforming datasets and metadata in a consensual format needs a general acceptance
process such as using the same vocabularies, glossaries of terms, sampling and measurement
techniques, sampling tools and probes and unit. Vocabularies and glossaries of terms are used
to transform datasets and metadata in a consistent format. Vocabularies provide a common
language used to refer to and describe the data and all steps and procedures involved in the

www.biodiversa.eu
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primary data collection, while glossaries of terms provide definitions and explanations for the
terms used in the data. Vocabularies and glossaries ensure that all users understand the data
in the same way, making it easier to share, compare, and analyse the data. They also help to
ensure both accuracy (as incorrect terms or definitions can lead to misinterpretation of the
data) and actual harmonisation of the data, as all steps in primary data collection and
measurement are clearly reported by guaranteeing full data comparability.

Harmonised data are then potentially available for the process of full interoperability, boosting
the process of converting collected data and information into new and/or deeper knowledge
development. Data interoperability enables data to be used across multiple systems and
applications, and for different stakeholders to access and use the same data, regardless of the
source.

By following the EOSC Interoperability Framework (European Commission, 2021),
interoperability can be analysed by four main points of view (as depicted in Fig 1):

e Technical: the ability of different information technology systems and software
applications to communicate and exchange data by using the same data formats and
communication protocol(s);

e Semantic: the ability of computer systems to transmit data with unambiguous, shared
meaning. Data can be hence transferred meaningfully in a way that allows the receiving
system to correctly understand and use the data exchanged (Heiler S., 1995). The
usage of controlled vocabularies and relevant ontologies is a key to achieve semantic
interoperability (Stocker et al., 2018).

e Organisational: the way in which organisations align their business processes,
responsibilities and expectations to achieve commonly agreed and mutually beneficial
goals.

e Legal: itdeals, in particular, with how data should be re-used. Legal interoperability can
be achieved when the conditions of use for each dataset are met, and when users can
legally access and use each dataset without seeking authorization from data rights
holders on a case-by-case basis. The ideal goal for legal interoperability is when
datasets are positively identified as having no legal restrictions (RDA-CODATA Legal
Interoperability Interest Group, 2016). However, a CCO licence does not attribute the
adequate acknowledgement that is very relevant in the scientific context. The CC-BY
licence instead explicitly requires acknowledgement and attribution.

Technical Interoperability { Technical exchange of data among systems
Semantic Interoperability { Same meaning preservation of exchanged data

Organisational Interoperability { Business process alignment among organisations
Legal Interoperability { Legal alignment to exchange data among organisations

Fig.1 The interoperability levels according to the EOSC Interoperability Framework
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As such, many factors influence data interoperability and interoperability across
infrastructures. Moreover, the variety in data management practices, the complexity and
diversity of the available tools and terminology resources led to an increase of heterogeneity
at multiple levels severely hampering the data integration and interoperability.

As data volumes grow, interoperable methods of accessing and working with biodiversity data
will continue to be essential to allow the many technical, scientific, and also administrative
fields to work together. Standardised methods for direct access to on-line biodiversity data will
also continue to rapidly mature. In order to ensure that the full potential of biodiversity data is
realised, it is essential to support common, interoperable data formats, tools and delivery
standards. Implementing EBVs, for example, requires the global cooperation of biodiversity
researchers and research infrastructures to serve comparable data sets and analytical
capabilities, implying their interoperability.

To foster data interoperability and to adhere to FAIR principles, it is important that data
providers adopt common standards to be able to publish data and metadata in standard forms
by allowing research infrastructures to combine and federate content across providers. Several
technical barriers exist but in general, sharing data depends on the consistent use of agreed
standards. Like in many other research domains, “one standard does not fit all” for all the
different research infrastructures, which generally collect and store data in the forms and
combinations that best meet their needs, that's why many community-driven standards for
biodiversity data exist for different purposes. With the final aim to make biodiversity data more
widely findable, accessible and to ensure they can be integrated and reused for different
purposes, data providers should consider the most suitable way to expose their data. This
means that they should decide which standards would be best recognised by others so that
they can ensure adequate data transformation techniques, able to obtain data represented by
such standards.

Several initiatives with the corresponding supporting standards have been proposed in
literature, but this represents a challenging topic that is in constant evolution and that typically
follows the main recommendations for best practices in data sharing among biodiversity data
providers (e.g., the annual reports of the TDWG).

The main adopted data standards in the biodiversity domain are:

Darwin Core, DwC (Darwin Core Task Group, 2009; Wieczorek et al., 2012);
Access to Biological Collections Data, ABCD (Access to Biological Collections Data
Task Group, 2005; Holetschek et al., 2012);

e Network Common Data Form, NetCDF(https://docs.unidata.ucar.edu/netcdf-
c/current/index.html).

Darwin Core (DwC) is one of the most commonly used data standards in the biodiversity
community and it is maintained by the DwC maintenance group. It includes a glossary of terms
intended to facilitate the sharing of information about biological diversity by providing
identifiers, labels, and definitions. DwC is primarily based on taxa, their occurrence in nature
as documented by observations, specimens, samples, and related information. But the
simplicity of this standard, established and maintained by Biodiversity Information Standards

www.biodiversa.eu
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(TDWG), has significant limitations when it comes to shaping data from different sources.
Indeed, within the TDWG community, DwC extensions are continuously developed to allow
data providers to express data elements that go beyond the current version of the DwC and
that allow it to support richer and more complex types of biodiversity data.

The Access to Biological Collections Data (ABCD) schema is an evolving comprehensive
standard for the access to and exchange of data about specimens and observations (primary
biodiversity data). The ABCD schema attempts to be comprehensive and highly structured,
supporting data from a wide variety of databases and it is compatible with several existing data
standards. Moreover, since it defines relations between terms, ABCD is a step towards an
ontology for biological collections.

The Network Common Data Format (NetCDF) is a self-describing, machine-independent
data format that is meant to represent and store array-oriented data. It supports the creation,
access, and sharing of array-oriented scientific data and is used by a wide range of biodiversity
domains (e.g., marine, atmospheric, soil, etc.) that want a standard way to store data so that
they can be efficiently shared and reused.

Biodiversity data have to be also suitably described, including appropriate information like
those associated to data source and ownership for example. This implies that also a
recognised metadata standard has to be adopted to guarantee the interoperability.

The main adopted metadata standards in the biodiversity domain are:

e Ecological Metadata Language, EML (Jones et al., 2019; Fegraus et al., 2005);
e [SO 19115 (ISO, 2019).
e Data Catalog Vocabulary (DCAT)
e JavaScript Object Notation for Linked Data (JSON-LD)
e PPSR Core
The choice on which one to use depends on specific research needs.

The Ecological Metadata Language (EML) is a metadata standard that records information
about ecological datasets in a series of modular and extensible XML document types
(https://eml.ecoinformatics.org). It is in widespread use in the earth and environmental
sciences, and increasingly in other research disciplines as well. Ecological Metadata Language
(EML) provides high quality metadata specification to dataset derived from ecological,
environmental science. The Ecological Metadata Language (EML) is a standard for describing
ecological data. It provides a way to document the context, content, and structure of data sets
so that they can be understood by humans and machines alike. EML includes conventions for
documenting information about the origin of data, experimental design, sampling methods
used in collecting it, as well as how it was processed and analysed. This helps ensure that the
data remains understandable over time even if standards or technologies change. Additionally,
EML also makes it easier to share metadata across different systems and platforms. EML used
by the National Ecological Observatory Network, the Long-Term Ecological Research Network,
and the NOAA Office of Ocean Exploration and Research.

www.biodiversa.eu
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The ISO 19115 is an internationally-adopted schema for describing geographic information
and services. It provides information about the identification, the extent, the quality, the spatial
and temporal schema, spatial reference, and distribution of digital geographic data.

Data Catalog Vocabulary (DCAT): DCAT is a metadata standard for describing data sets
stored in a data catalogue. It is used to provide information about the structure and content of
datasets, as well as the sources they come from. It is an RDF vocabulary designed to facilitate
interoperability between data catalogues published on the Web. DCAT includes conventions
for documenting information about the origin of data, experimental design, sampling methods
used in collecting it, as well as how it was processed and analysed. This helps ensure that the
data remains understandable over time even if standards or technologies change. Examples
of initiatives that use DCAT include the European Data Portal and the UK Open Data Initiative.

JavaScript Object Notation for Linked Data (JSON-LD): JSON-LD is a metadata standard
for describing data sets stored in a linked data format. It is used to provide information about
the structure and content of datasets, as well as the relationships between them. JSON-LD is
based on the JSON data format and can be used to describe datasets in a more human-
readable format. It provides an easy way to represent and exchange structured data on the
web, such as biodiversity information. JSON-LD includes conventions for describing
relationships between different types of data using terms from existing vocabularies, such as
those used by Darwin Core or EML.

PPSR Core is a set of global, transdisciplinary data and metadata standards for use in Public
Participation in Scientific Research (Citizen Science) projects. These standards are united,
supported, and underlined by a common framework illustrating how information is structured
within the citizen science domain. This allows data to be used across platforms and projects
in a consistent manner, furthering the research goals of the scientific community. At the global
level, the PPSR core vocabularies have been adapted by the World Wide Web Consortium
(W3C) in its Linked Data Platform. This platform is used to facilitate the development of
applications that use linked data and to enable the creation of a global data space. At the
European level, the PPSR core vocabularies have been included in the European
Commission's European Data Portal, which provides access to open data from European
public sector organisations. The portal enables users to discover, access, and reuse datasets
from across the European Union. Additionally, the vocabularies have been integrated into the
European Commission's Open Data Portal, which provides access to open data from
European public sector organisations.

Starting from the work of Hardisty et al., 2019, Table 1 includes the main international
Research Infrastructures and initiatives that offer multiple services related to the whole data
lifecycle. In particular, the following service categories will be analysed:

C. data collection and organisation;
D: data discovery and access;

A: data analysis and/or visualisation;
P: data preservation.

www.biodiversa.eu
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Table 1: International Research Infrastructures and initiatives that provide multiple services
related to the dataset’s lifecycle (*of major relevance for European biodiversity)

Infrastructure Services  Endpoint

ACTRIS Data Centre D, P https://actris.nilu.no/

AnaEE Data Portal D,P https://data.anaee.eu/

*AQUACOSM D,P https://d.aquacosm.eu/

Atlas of Living Australia (ALA) C,D, A, P | https://www.ala.org.au

Arctic Data Center D,P https://arcticdata.io

Biodiversity Heritage Library (BHL) | C, D, A, P | https://www.biodiversitylibrary.org/

Cary Institute of Ecosystem Studies | D, P https://www.caryinstitute.org

*Catalogue of Life (CoL) C,D http://www.catalogueoflife.org/

*Copernicus Services D,A P https://www.copernicus.eu/en/copernicus-
services/

Cornell Lab of Ornithology C,D,P https://ebird.org/

*DANUBIUS Data Portal D,A P https://gis.geoecomar.ro/danubius/dataportal/

Data Observation Network for| D, P https://www.dataone.org/

Earth (DataONE)

Dryad Digital Repository D,P https://datadryad.org/

Earth Data Analysis Center (EDAC) | C, D, A, P | https://edac.unm.edu/

EMSO ERIC D, P https://data.emso.eu/

Encyclopedia of Life (EoL) D http://eol.org/

Environmental Data Initiative C, D, A, P | https://environmentaldatainitiative.org/

Environmental System Science | C, D, P https://ess-dive.lbl.gov

Data Infrastructure for a Virtual

Ecosystem (ESS-DIVE)

ESA Data Registry C,D,P https://www.esa.org
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Infrastructure Services  Endpoint

*Europe Long-Term Ecosystem |C,D,P https://elter-ri.eu

Research Network (eLTER

Europe)

*European Environment Agency | D, P https://www.eea.europa.eu/data-and-maps/
(EEA) Data and Maps

*European Marine Observationand | C, D, A, P | https://emodnet.ec.europa.eu/en/

Data Network (EMODnet)

Forest Ecosystem  Monitoring | D, P https://www.uvm.edu/femc

Cooperative (FEMC)

*Global Biodiversity Information | D, A, P https://www.gbif.org/

Facility (GBIF)

Global Biotic Interactions (GloBI) DA https://www.globalbioticinteractions.org/
Gulf of Mexico Research Initiative | D, P https://data.qulfresearchinitiative.org
IAGOS Data Portal D,P https://iagos.aeris-data.fr/

*|COS Data Portal D,P https://www.icos-cp.eu/data-services/
IEDA: EarthChem Library C,D,P https://www.earthchem.org/ecl/

IEDA: Marine-Geo Digital Library C,D,P https://www.marine-geo.org/

IEDA: US Antarctic Program Data | C, D, P https://www.usap-dc.org/

Center

Integrated Digitized Biocollections | D, P https://www.idigbio.org/

(iDigBio)

JERICO-RI Catalogue D,P https://www.jerico-ri.eu/jerico-ri-cataloque/
Knowledge Network for| C,D, P https://knb.ecoinformatics.org/
Biocomplexity

*LifeWatch ERIC D,P https://metadatacatalogue.lifewatch.eu
Map of Life (MoL) D, A http://mol.org/

National Ecological Observatory | C, D, P https://data.neonscience.org/

Network (NEON)

www.biodiversa.eu
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Infrastructure Services  Endpoint

National Specimen Information | C, D http://nsii.org.cn/
Infrastructure

NOAA NCEI Environmental Data | C, D, A, P | https://www.ncei.noaa.gov/
Archive

PANGAEA Data Publisher for Earth | C, D, P https://www.pangaea.de/
and Environmental Science

Partnership for Interdisciplinary | C, D, A, P | https://www.piscoweb.org/
Studies of Coastal Oceans

(PISCO)

Programa de Pesquisa em|C,D,P https://ppbio.inpa.gov.br/en
Biodiversidade (PPBio)

Rolling Deck to Repository (R2R) | C,D, P https://www.rvdata.us/

SDI - geo-spatial data catalogue D,P https://sdi.eea.europa.eu
SeaDataNet C,D,P https://www.seadatanet.org/
SIOS Data Access Portal D,P https://sios-svalbard.org/
Sistema de Informacdo sobre a|C, D, A, P | http://www.sibbr.gov.br/
Biodiversidade Brasileira (SiBBr)

South African National Biodiversity | C, D, A, P | http://www.sanbi.org/
Institute (SANBI)

speciesLink D http://www.splink.org.br/
TERN Australia D,P https://www.tern.org.au/
TRY Plant Database C,D,P https://www.try-db.org/
USGS Science Data Catalog D,P https://data.usgs.gov/datacatalog/
VertNET D http://vertnet.org/
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2. Biodiversa+ approach to data harmonisation and
interoperability

To contribute to the overall aim to achieve a deeper harmonisation and interoperability of
biodiversity monitoring data and databases across Europe, Biodiversa+ organised two
workshops on biodiversity monitoring data interoperability and harmonisation aimed at
reinforcing the connection of the Institutions deputed on monitoring biodiversity at the National
level with a few key International Initiatives acting on biodiversity data harmonisation and
interoperability.

To connect with national and sub-national biodiversity monitoring databases and initiatives,
Biodiversa+:

e Launched a survey and bilateral follow-up interviews in April — June 2022 with all the
Biodiversa+ partners involved in biodiversity monitoring to understand how the
biodiversity monitoring national landscape is structured.

e Organised a workshop on the 1st of September 2022 on biodiversity monitoring data
harmonisation and interoperability with a focus at European and global levels

e Launched a survey focussing on data interoperability and harmonisation for biodiversity
monitoring in October / November 2022. The Biodiversa+ partners involved in
biodiversity monitoring and other initiatives were invited to complete this survey (see
the Annexe).

e Organised a workshop on the 4™ of November 20222 on data interoperability and
harmonisation with a focus on the (sub-)national scale.

The first workshop was dealing with key European/Global Initiatives and organised with a
participative approach producing feedback on the key challenges in biodiversity data
harmonisation and interoperability and the expected/wished contribution of Biodiversa+. The
second workshop was focused on the National experiences on monitoring biodiversity, taking
advantage from the feedback of the first one.

2.1. For global and European biodiversity monitoring databases

The first workshop was held on the 1%t of September 2022, as an online workshop? gathering
37 participants representing European/ global initiatives/ databases, (sub-)national
initiatives/databases, Biodiversa+ Partners, representatives of European institutions and
researchers. The workshop had four main purposes:

e (et a better understanding of the data architectures and data workflows of four main
European / global initiatives,
understand main gaps about data harmonisation and interoperability,
start reflecting on how Biodiversa+ could help improve interoperability

2 Biodiversa+ (2022). Workshop on data interoperability and harmonisation. 4™ of November 2022.
https://www.biodiversa.eu/2022/11/05/workshop-on-data-interoperability-and-harmonisation/

3 Biodiversa+ (2022). Biodiversity monitoring data interoperability and harmonisation. 1% of September
2022 workshop: https://www.biodiversa.eu/2022/09/06/biodiversity-monitoring-data-interoperability-
and-harmonisation/
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e allow national initiatives developing or having national biodiversity monitoring
databases to get more familiar with these global and European initiatives.

During this workshop, the EuropaBON biodiversity monitoring database, GBIF, LifeWatch
ERIC and BIOSCAN/iBol presented their data architecture and data flows. Essential
Biodiversity Variables were also introduced. During a second stage of the workshop issues
preventing biodiversity monitoring data interoperability and possible support from Biodiversa+
were identified (see section 3 of the report).

2.2. For national and sub-national biodiversity monitoring databases

2.2.1 Survey on biodiversity monitoring governance and interviews with the
Biodiversa+ partners

In April — May 2022, Biodiversa+ conducted a biodiversity monitoring survey followed by
bilateral interviews with all the Biodiversa+ Ministries of Environment, Environmental
Protection Agencies and other interested Biodiversa+ partners. Through this exercise 23
countries were covered. The survey showed that there was an important need from the
Biodiversa+ partners to get more collaboration/ solutions/ support for data management and
interoperability (see Fig. 2). To help address this need, through this report, Biodiversa+ aims
to share national and sub-national examples of good practices and challenges faced at
national level for biodiversity monitoring data interoperability and harmonisation (see the
Annexe). These showcases can then help other countries build on this experience and further
enhance or develop national biodiversity monitoring databases that are more interoperable
with other national/sub-national/ European and global databases.

Would you like Biodiversa+ to help with collaboration/solutions/support for:
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Fig. 2. Results from the Biodiversa+ biodiversity monitoring survey, survey respondents could tick a maximum of 3 options.
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2.2.2 Biodiversa+ workshop and survey with third organisations

The second workshop was held on the 4" of November 2022, being built on the outcomes of
the first. This workshop was an opportunity for (sub-)national initiatives/databases to introduce
their data architecture and data workflows and to discuss on how Biodiversa+ could provide
support to reinforce data interoperability and harmonisation. This workshop was split into 3
sections. During the first section a keynote speech on data interoperability was given by Hanna
Koivula from CSC — IT Centre for Science, the “Meetnetten” Flemish webtool, and the German
NFDI4 Biodiversity data architecture and workflows were presented. Next, the outcomes of a
Biodiversa+ survey shared before the workshop were introduced. This survey allowed to
collect 31 answers, 48% from Biodiversa+ Partners and 52% from (sub-)national and
European databases or initiatives®. The survey was divided into two sections; the first part
allowed the respondents to assess the outcomes of the first workshop and the second part
aimed to collect descriptions of national biodiversity monitoring databases (see the Annexe of
this report for more information on the survey).

4 Organisations which answered the survey: Swedish Biodiversity Data Infrastructure (SBDI), Swedish University of Agricultural
Sciences (SLU), Bavarian Natural History Collections (SNSB), Belgium Biodiversity Platform, Centre for Ecological Research and
Forestry Applications (CREAF), European Environment Agency (EEA), Bulgarian Environment Executive Agency (EXEA), Finnish
Environment Institute (SYKE), French museum of natural history (MNHN), German Center for Integrative Biodiversity Research
(iDiv), German Federation for Biological Data / NFDI4Biodiversity project, German National Monitoring Center for Biodiversity,
German Research Foundation (DFG), Italian National Institute for Environmental Protection and Research (ISPRA), Italian
National Research Council, LifeWatch ERIC, Lund University, Croatian Ministry of Economy and Sustainable Development,
Institute for Environment and Nature (MESD), Estonian Ministry of Environment, National Biodiversity Data Centre of Ireland,
Naturalis Biodiversity Center from the Netherlands, Nature Conservation Agency CZ (NCA CZ), Norwegian Environment Agency,
Norwegian Institute for Nature Research, Plant Science and Biodiversity Centre, Slovak Academy of Sciences, Autonomous
Province of Bolzano (PROV_BZ), Public Service of Wallonia, Research Institute for Nature and Forest (INBO), University Kassel,
Executive Agency for Higher Education, Research, Development and Innovation Funding of Romania.
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3. Data interoperability and harmonisation challenges and
possible support from Biodiversa+

3.1. Issues preventing deeper data harmonisation and interoperability

For data interoperability and harmonisation at global level, based on the outcomes of the first
Biodiversa+ workshop, three main challenges were identified:

e The lack of satisfactory (meta)data standards
e The lack of strong enough capacity building and knowledge sharing opportunities
e The governance for biodiversity monitoring data interoperability

New technology needs were considered during the workshop as a cause and effect of standard
needs and governance issues.

Building on the Biodiversa+ follow-up survey targeting Biodiversa+ partners, (sub-)national and
global/European databases, these first three issues received good support: 58% of the
respondents considered that these three main challenges were relevant. In the meantime,
technology needs become prominent as much as standard needs (see Fig 3).

More details on these challenges are available below.

Standard
need

Capacity
Building

Governance

Technology need

Fig 3: Main data interoperability challenges identified

3.1.1 The lack of satisfactory (meta)data standards

The recent proliferation of data standards has been a major boon to the advancement of digital
technology, allowing for increased interoperability between systems and enabling data to be
more effectively shared and used. However, this proliferation has also highlighted gaps in
existing data standards, which are becoming increasingly apparent as new technologies
emerge. In particular, the emergence of machine learning, big data analytics and other
advanced technologies has highlighted several challenges in terms of data harmonisation and
interoperability and metadata management.
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These include domain-specific standards that are applied across different sectors; data
collection by different agencies with different standards, preventing direct biodiversity data
harmonisation and interoperability and the development of an increasing numbers of metadata
standards without an effort, or with a limited effort, on their harmonisation with those already
existing and widely adopted. Machine learning processes often lack transparency in terms of
how they were created or what training sets were used; this impairs confidence on the
produced results without human interpretation or validation. Additionally, there is a growing
number of ontologies being developed which cannot easily be cross-walked or integrated with
each other; this requires initial human investigation and sense-making before any kind of
machine-readable repository can be created.

The sheer volume of big data generated by machine observations means that IT infrastructure
needs to keep up with storage needs of such observations. Otherwise, large datasets will
become unmanageable or unusable due to their size or complexity.

3.1.2 The lack of strong enough capacity building and knowledge sharing
opportunities

The lack of clear guidance or mandate from funding agencies to adhere to specific standards
was stressed as a main challenge for biodiversity monitoring data interoperability. Without such
guidance, data sharing initiatives will often become mired in conflicting standards, leading to a
lack of consistency and potential incompatibilities between different systems. Furthermore, the
absence of a consistent standard leaves researchers struggling to keep up with the ever-
changing landscape of technology and data formats. As such, it is vital that funding agencies
provide clear guidance on what standards should be followed when collecting or sharing data
SO as to ensure greater consistency across different research projects. More generally, it was
also raised that many data collectors are still unfamiliar with some concepts such as
interoperability ontologies and semantics.

The lack of consistent use of provenance tools such as ORCID, ROR or DOIs was identified
as another key obstacle for data interoperability. Provenance tools are essential for ensuring
that data can be properly attributed back to its original source and for managing the lifecycle
of data