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1. Introduction

EuropaBON Task 2.4 aims at establishing the Terms of Reference for a permanent Biodiversity
Monitoring Coordinating Centre (BMCC) for Europe that could implement and oversee an EU
Biodiversity Observation Network. This deliverable is due by the end of 2023. To fulfil this task,
EuropaBON partners, together with a broad network of collaborators, will assess the feasibility and
the opportunities to set up such a BMCC in Europe.

This report is the second step to investigate and establish an intensive dialogue around different
alternativesfor an organizational structure of the BMCC. The first steps were several workshops and
a stakeholder conference and discussions held in autumn 2022 around a first short note that helped
EuropaBON partners to narrow down the choices and to identify the most feasible and relevant
options for a BMCC. These options are here further explored and developed, building on existing
examples and cost-effectiveness analyses.

Biodiversa+ (the new European Biodiversity Partnership) task 2.5 aims at establishing a transnational
network of harmonised national biodiversity monitoring schemes, by mobilising the relevant
ministries, agencies, EU Commission services and initiatives. Currently, Biodiversa+ includes 80
partners (both research funders and environmental policy actors) from 40 countries. In 2023,
Biodiversa+ together with key partners (i.e. EuropaBON, EEA, JRC) developed some operational
guidance for the transnational biodiversity monitoring schemes and possible national Biodiversity
Monitoring Coordination Hubs (Vihervaara et al. 2023a).

The joint or coordinated products from EuropaBON and Biodiversa+ can feed the Commission report
on progress on implementation and on governance of the EU Biodiversity Strategy expectedin 2024.
Addressing biodiversity monitoring needs and suggesting improvements can also help the
implementation of the Habitat and Bird Directives, the negotiations and planning of the Nature
Restoration Regulation, or the revision of the Regulation on environmental economic accounts, among
others.
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2. Methodology

This report has been built following different steps and methodologies. EuropaBON Task 2.4 was
anticipated by one year to allow for a proper brainstorming and inclusive consultation process.

Firstly, the partnersrun a wide screening of all possible options for the BMCC in terms of technical
mandate, legal mandate, governance model and financing model. The expertise of all the partners
ensured a good coverage of the possibilities. The screening wasenriched by key collaborators and co-
authors of this deliverable (notably from EEA, Biodiversa+ and GBIF). This first screening was the basis
to start a wide consultation process that included:

- aworkshop at the World Biodiversity Forum in Davos, Switzerland, on 29 June 2022;

- asymposium at the European Congress of Conservation Biologyin Prague, the Czech Republic,
on 24 August 2022;

- aworkshop at the 2" meeting of the Commission ad hoc group on biodiversity monitoring in
Brussels, Belgium, on 7 October 2022;

- a stakeholders’ conference co-organised with Biodiversa+ on “shaping the future European
biodiversity monitoring framework” in Brussels, Belgium, on 11 November 2022.

Biodiversa+ has also organised numerous workshops on the topic with the participation of EuropaBON
partners with direct contributions to this report, of which the most significant events were organised
in Madrid 15% September 2022 and the latest in Helsinki 23-24th May 2023. The information received
from all these discussions was structured and integrated in the living document (to the extent
possible).

Within this consultation process, we conducted stakeholder focus group analysis, based on recordings
and outputs from the two larger meetings run in Brussels. We conducted topic analyses on issues
related to: mission and vision of the BMCC; technical and scientific mandate; possible stakeholders,
users and beneficiaries; and governance structures.

Secondly, we completed the map & characteristics of the key biodiversity monitoring initiatives in
Europe via desk-based research and interviews with key informants (Annex 3). We further explored
existing governance structures, mandates, and lessons learnt from the operational of large-scale
monitoring schemes and data aggregationinfrastructures.

Thirdly, we ran a literature review of lessons to be learnt from other large-scale monitoring or data
aggregationinitiatives, not necessarily in Europe. The literature on this aspectis thin, so most of the
results come from eight publications (see Annex 2). This included a national case study: mapping the
Greek biodiversity monitoring framework. We tried to assess gaps, governance structures, and future
prospects from a Member State perspective. This involved desk-based research and interviews with
experts (Annex 3).

The fourth and last step, which is scheduled for May -Nov 2023, is the co-design and broad
consultation of this final deliverable, where we narrow down and specify the options toset up a useful
and feasible BMCC in Europe. EuropaBON partners and external collaborators, experts on the field,
EU and national institutions and stakeholders will be consulted again with the selected options
presented in section 4. This process will help refine and prioritise the roles and governance options
for the BMCC while ensuring the widest possible agreement aroundit.

For the time being, the implicit focus of this report is on species, habitats and ecosystems. Although
biodiversity monitoring is more than that, and should include pressures and impacts, ecosystem
services, ecosystem functions and processes, and many others, we focus on species and habitatsasa
necessary starting phase for what the BMCC could cover.

Most of the key messages (coming from experts, stakeholders and the literature) converged into a
narrow set of options and an astonishing wide agreement around the mission and vision. In the
European context, it turns out that the urgent need for coordination and harmonisation leads to a
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broad and ambitious technical mandate (see section X). Fulfilling such a mandate with the variety of
stakeholders involved determinesthe governance model, the size of the centre and its financial needs.
Thus, the present report no longer presents all the possible options to set up a BMCC, but only the
most pertinent and effective narrow set of options as expressed by experts and stakeholders. More
work will be needed to evaluate the costs and benefits of the BMCC.

2.1. Approachto governance scenarios

We approach the task by having in mind that the main decision to be made is the technical mandate,
as it is the factor that mostly influences the governance structure, funding and legal form of the future
BMCC (Fig. X). We were careful to — as much as possible — present a single mandate for the BMCC in
order to limit the possibilities for the governance structure and hence legal mandate and funding
options.

Techgnical
mandate

Legal :

: Governance Funding :
mandate !

Figure 1. The mandate for aBMCC is the most important decision —it greatly influences the options that are
available vis-a-vis governance, legal structure and funding. Along with the socio-economic and cultural
background and conjecture (green square), the mandateis the biggest determining factor.

Regarding the governance of large-scale monitoring programmes there are three main approaches to
biodiversity monitoring: decentralised, centralised, and hybrid. Each approach has its own set of
benefits and limitations, which we describe below, and is not mutually exclusive but can be applied
for different monitoring tasks. This categorisation reflects ideal types, i.e. heuristic simplifications of
complex reality, as reflected in del Pozo and Body’s (2022) survey of 14 transnational monitoring
protocols across countries. Centralisation and decentralisation here refer to wider governance
structures and organisational forms and not strictly in data analysis, collection or reporting.

Decentralised biodiversity monitoring involves the participation of multiple stakeholders, such as
local communities, government agencies, and non-profit organisations, in the strategic and everyday
decision-making and usually in the collection, reporting and analysis of data. One of the main benefits
of decentralised monitoring is that it can provide a more comprehensive and representative view of
biodiversity, as it takes into account the knowledge and perspectives of a wide range of individuals
and groups. In addition, decentralised monitoring can be more cost-effective, as it relies on the
voluntary participation of stakeholders rather than requiring e.g., dedicated teams of professionals
(ala LUCAS). Decentralised systems can also be more inclusive, as they allow a greater number of
stakeholders to participate in the monitoring process. This can be particularly important in areas
where there is a diverse range of interests and perspectives, as it allows for a more comprehensive
understanding of the local socio-ecological system. Importantly, decentralised systems can be more
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effective at engaging local communities and create joint ownership and social licence, as they are
more likely to involve local people directly in the monitoring process.

One of the main limitations of decentralised monitoring is that it can be more difficult to ensure the
quality and standardisation of the data collected (see review by del Pozo and Body’s 2022). Without
central oversight, there is a greater risk of errors or biases in the data, which can compromise the
accuracy of the results. In addition, decentralised monitoring can be more time-consuming, as it
requires coordination and communication between multiple stakeholders, which can be challenging
in large scales or complex ecosystems. Finally, decentralised systems may struggle to pool resources
and expertise in the same way that centralised systems can, which can limit their ability to conduct
more complex and specialised analyses.

Centralised biodiversity monitoring involves the collection and analysis of data by a dedicated team
of professionals or experts under the oversight of a central authority or agency. A prime example of
this ideal type would be the LUCAS survey. One of the main benefits of centralised monitoring is that
it can provide a more consistent and standardised approach to data collection, which can help to
ensure the accuracy and reliability of the results. In addition, centralised monitoring can be more
efficient, as it allows for the use of specialised equipment andtechniques that may not be available to
individual stakeholders.

One of the main limitations of centralised monitoring is that it can be more expensive, as it requires
the dedicated resources of a team of professionals. In addition, centralised monitoring can be less
representative of the broader ecosystem, as it is based on the observations and interpretations of a
single group of individuals rather thantaking into account the knowledge and perspectives of multiple
stakeholders. Centralised systems may be less inclusive and less effective at engaging local
communities, as they are more likely to be seen as external authorities imposing their views and
priorities. Finally, centralised systems may be more vulnerable to political interference or
manipulation, as they rely on asingle authority tocollect and interpret the data.

Hybrid biodiversity monitoring combines elements of both decentralised and centralised approaches.
Oversight and support is usually provided from a central authority or agency and data collection
involves multiple stakeholders in the data collection process (including national agencies,
environmental consulting companies, universities, NGOs, citizen scientists). One of the main benefits
of hybrid monitoring is that it can provide a more comprehensive and representative view of
biodiversity, while also ensuring the quality and consistency of the data collected. In addition, hybrid
monitoring can be more cost-effective and resilient, as it relies on the voluntary participation of
stakeholders while also leveraging the expertise and resources of a central authority or agency. An
integrated hybrid model may draw on the strengths of different actors, while securing a standardised
backbone of structured monitoring, and may thereby also create more ownership of different actors
and ultimately resilience (Kahl et al 2020).

One of the main limitations of hybrid monitoring is that it can be more complex to implement and
coordinate compared to centralised monitoring, as it requires the participation of multiple
stakeholders and the oversight of a central authority or agency. In addition, hybrid monitoring may be
less efficient than centralised monitoring, as it requires the coordination of multiple stakeholders,
which can be time- and effort-consuming. However, an inclusive structure with national nodes is
functioning in the EEA (both with EIONET and the work of ETC-BE), in GBIFand is the preferred option
by Biodiversa+ partners.

It is important to re-stress here that these three characterisations of biodiversity monitoring
governance are “ideal types” designed to enable a better grasp of the fragmented landscape of
biodiversity monitoring. The actual implementation demonstrates that some assumed truths
regarding monitoring (e.g. centralisation begets harmonisation) may not be as true on the ground.

*
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155 3. Diagnosis of the problem

156 3.1. The challenges for biodiversity monitoring

157 Biodiversity monitoring is the process of determining status and tracking changes in living organisms
158  and the ecological complexes of which they are a part. The EU has a long tradition of biodiversity
159  monitoring developed to understand species trends and monitor the success of conservation
160 programs. This is based on public monitoring programs, volunteers such as birdwatchers, research
161 activities, and importantly also provides input to policies for environment, agriculture, fisheries and
162 other issues. Biodiversity monitoring is a complex and costly task that is usually under the
163 responsibility of different competent authorities and sectors from EU Member States. For some
164  species groups, such as birds but also plants and some insect groups like butterflies or dragonflies, the
165  engagement of expert volunteers in natural history societies is an important backbone to biodiversity
166 recording, at the local, national and European level.

167  According to EuropaBON’s User and Policy Needs Assessment (Moersberger et al. 2022), the most
168 highly ranked challenges to biodiversity monitoring (for more than 350 expert stakeholders from
169 policy, research and practice) are:

170 e Insufficient financial resources

171 e Lack of long-term policies for monitoring

172 e Insufficient spatial coverage

173 e Underrepresentation of taxa

174 e Lack of human and technical capacities

175 e Llack of integration between in situ and remote sensing data

176 e Monitoring frequency too low to detect trends

177 e Lack of dataintegrationat different geographical scales and sectors
178 ® Lack of (raw) accessible data and metadata

179 e Underrepresentation of ecosystem types and their habitats

180 Inline withthese results, we have collected perspectives from EC colleagues that identify the following
181  astop challenges for tracking the implementation of EU legislation and programmes and trying to
182 develop evidence-based policies relatedto biodiversity:

183 e Inaccessible and insufficient raw data

184 e Not harmonised or interoperable measurements and indicators
185 e Concern about the reporting and financial burden

186 e Confusing networkof knowledge holders

187 o lack of EU ITinfrastructure for biodiversity monitoring

188  As a first step to explore a transnational network of harmonised national biodiversity monitoring
189 schemes, Biodiversa+ run a survey and some interviews across its partners (experts from 23 EU and
190  associated countries contributed) to map the current state of national and sub-national biodiversity
191 monitoring networks and coordination (Vihervaara et al 2023b). Most of the national respondents
192  thought that the best option would be “both national and European biodiversity monitoring
193 coordination, including well-defined roles and areas”. This could be implemented, for instance, via
194  creation of national (cross-sectorial) coordination hubs representedin an EU coordination body (Table
195 1)

196 Table 1. Biodiversa+survey results.

HOW DO YOU WISH TO SEE THE INTERPLAY OF BIODIVERSITY NUMBER OF REPLIES
MONITORING COORDINATION IN THE FUTURE?

‘ More focus on national coordination centres 3
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More focus on an European biodiversity coordination centre 5

Both national and European coordination centres, with well-defined roles = 23
and areas of collaboration between national and EU biodiversity monitoring
coordination centres

Separate thematic coordination networks across Europe (e.g. expert 16
networks on pollinators or birds alone; and extending to those that cover
other taxa)

Unknown or other 2

The solutions identified by EuropaBON to tackle these challenges to biodiversity monitoring are
(Moersberger et al. 2022):

1. Better coordination and synchronisation of monitoring efforts, possibly adopting a common
approach across Europe and a common platform that can integrate data at national and EU
levels.

2. Harmonisation, enhanced data gathering and sharing. This includes filling the identified gaps
in monitoring of taxa, ecosystem types and habitats, level of spatial detail and temporal
frequency by establishing new monitoring programs and/or strengthening existing monitoring
schemes. Both EuropaBON and Biodiversa+ propose to address standardisation through the
application of essential biodiversity variables (EBVs) and other essential variables like essential
ecosystem services variables (EESVs).

3. Taking advantage of digitalization and novel technologies (including multi-scale earth
observation data, in-situ digital sensors and DNA sampling) as well as improved statistical
methods for the analysis of biodiversity monitoring data.

4. Increased funding and long-term perspective for biodiversity monitoring efforts in Europe,
along with better cross-country, cross-institutional, and cross-sectoral coordination of existing
funding.

5. Capacity building, increase of human resources, better use of and substantial support for
citizen science and stakeholder engagement withinthe monitoring process.

The creation of a BMCC for Europe is not the only proposed solution identified by EuropaBON and
Biodiversa+, but it could facilitate and help implement some of the other solutions listed above.

3.2. The monitoring landscape in Europe

Currently, biodiversity monitoring and the biodiversity data aggregation landscape in Europe
comprises thousands of different schemes, programmes, agencies and infrastructures. They are
fragmented and operate across Europe at international, national, regional or local scales. Often, they
geographically overlap with little coordination between them. Also, they sometimes share similar
mandates or missions, yet few synergies are actively sought out. This creates a range of gaps and
bottlenecks for current biodiversity data flows across Europe, especially in terms of data
harmonisation, standardisation and integration.

The main bottleneck from current biodiversity data flows, across all variables and realms, is data
integration. The Global Biodiversity Information Facility (GBIF) provides an efficient solution with
regardto integrating species-level monitoring data; however, participationin this data infrastructure
is incomplete across European states, and even among participating countries, there isgreat variability
in the sharing and integration of data across different agencies and organisations. There is also a gap
in advanced statistical/modelling technical skills. Only half of the monitoring programmes evaluated
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by EuropaBON have a (partial) automatization and harmonisation of the data streams from
biodiversity collection to data integration at different levels. In addition, raw data are most often not
FAIR ('findable, accessible, interoperable and reusable’), and web tools and apps only exist in a few
cases to facilitate data harmonisation and standardisation (Moran-Orddiiez et al. 2023). The
development of trans-national and cross-infrastructure biodiversity data workflows further requires
improved interoperability between IT infrastructuresandinstitutional databases, for instance building
upon existing common data structures such as Darwin Core, and development of human- and
machine-readable metadata, standardised procedures to ascertain quality assurance and quality
control, and accessibility through common, standardised Application Programming Interfaces (APIs)
(Hardisty et al. 2019). This harmonisation and coordination is key to success, if current biodiversity
monitoring efforts are to support the numerous EU Directives and EU services requiring biodiversity
information (environment, maritime affairs, agriculture, statistics, research, etc.)

Most European-wide monitoring networks are coordinated and run by national or subnational
environment agenciesthat are responsible for the monitoring required for the implementation of EU
Directives, such as the Birds and Habitats Directive, the Water Framework Directive (WFD) or the
Marine Strategy Framework Directive. Vihervaara et al. (2023b) describes the key national/sub-
national authorities, institutes and monitoring networks in 23 countries. Data are aggregated to
variables used for assessing status and trends in species, habitats and biological communities. The
aggregated data and/or the final interpretation (assessment) are submitted to EEA to fulfil the
reporting requirements to the EC. The information submitted is subject to automated quality
assurance rules and used for European level assessments. The assessments reported by Member
States are stored in the EEA Reportnet 3.0, which is the Central Data Repository for environmental
policies. The information can be analysed and presented by the EEA as interactive dashboards and as
indicators. However, the underlying raw data at species or habitat level are only stored at national or
subnational level, and are therefore — practically — not available for synthesis and in-depth analysis.
Even if they were available, in some cases the variables/criteria and their underlying data are not
harmonised and, thus, not comparable across Member States.

Other EU policies, like those regulating agriculture, fisheries, forestry or maritime spatial planning,
also generate a wide range of biodiversity monitoring activities and data that is not always accessible
for researchers or citizens. There are more and more examples of complementarity, like the new
LUCAS modules monitoring the state of biodiversity, or the fisheries Data Collection Framework. Both
the environmental and the sectoral EU policies promote the coherence and the reuse of the
aggregated information (assessments), however this is not enough to ensure the coordination,
harmonisation and reuse of raw data across institutions.

In addition to the legally required monitoring, the Integrated European Long-Term Ecosystem, critical
zone and socio-ecological Research Infrastructure (www.elter-ri.eu) asa strategic European Research
Infrastructure is currently in the preparatory phase. In addition to a wide range of abiotic
measurements, eLTER will cover more thana dozen “standard observations” in the biosphere domain,
i.e., related to biodiversity (Zacharias et al. 2022) across more than 500 elLTER sites. Standard
Observations, unlike Essential Biodiversity Variables, include a detailed measurement protocol in
addition to the variables named.

There are also a multitude of other monitoring networks that are coordinated and run by natural
history societies, NGOs and research institutions or a mix of both (83% of the institutions integrating
monitoring data in the EuropaBON monitoring database). Overall, a rich and diverse landscape of
people and organizations, with a diversity of motivations and expertise, independently engages in
biodiversity monitoring (Kihl et al 2020). By understanding gaps and barriers, this provides
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opportunities for integration to foster a sustained and resilient biodiversity monitoring to inform
policy and practice.

To date, however, the lack of long-term secured funding for those networks (often research- or
charity-based) is one of the main bottlenecks these monitoring networks face:

(a) limits their capacity tocollect data (e.g. the number of sampling sites and visits per site) as well as
its geographic coverage,

(b) constrains the capacity building and training of the monitoring network, as well as
(c) limits their capacity to support volunteers or, importantly,

(d) hire specialists for data management, archiving and analysis (e.g. data managers, modelling
technicians, taxonomists, IT professionals) or to

(e) create and maintain IT infrastructure for data entry and archiving, or for the automatization and
harmonization of data flows.

Due to the unstable nature of funding and the changing governance architectures of monitoring
networks, the EU monitoring landscape is highly fragmented across institutions. This is especially the
case in the monitoring of marine ecosystems, where data gets mostly integrated (if at all) at the
regional level (e.g., the North-East Atlantic region - OSPAR convention, the Baltic Sea - HELCOM
convention). Moreover, Southern and Eastern European waters are less well covered by biodiversity
monitoring programmes (Jessop et al. 2022). This fragmentation leads to a lack of data harmonization
among different monitoring schemes and regions (different sampling protocols, metadata standards,
different indicators) and hampers the capacityto generate marine indicators, EBV metrics and other
standardised observations across all European waters. Keeping to just some of the large-scale or pan-
European schemes, we can see (Table 2) the heterogeneity in the monitoring methods, funding
streams, governance arrangementsand the type of entity of these schemes. The present monitoring
landscape lacks centralauthority, clarity, accountability, and, importantly, cross-sector, cross-biome,
cross-taxon, and cross-theme coordination.

A cross-EU comparison of national monitoring and/or biodiversity aggregation data efforts would
reveal characteristic heterogeneity. Wide differences in monitoring cultures, monitoring histories,
scientific, technical and financial capacities, and influence over EU regulation and laws, have led to
divergent approaches in how Member States monitor elements of biodiversity — or not. But this is not
a characteristic of government-run monitoring programmes only. For example, PECBMS, in
collaboration with Statistics Netherlands, have devised particular statistical methods that account for
the heterogeneity between participating countries (data collection, scheme design, etc.) post-data
collection. Nationally, responsibilities and financing for biodiversity monitoring are often spread
across multiple sectors and ministries (see Greek case study below), and national focal points are still
“rare or dysfunctional” (Révelard et al. 2022). Biodiversity monitoring therefore needs a culture of
integration (Kihl et al. 2020). The community around monitoring has already made enormous efforts
to counteract this fragmented ecosystem. Public authorities, NGOs, EU institutions & agencies,
universities, research institutes, etc. are forming networks, building large collaborative projects and
infrastructure, and promote new developments and approaches to biodiversity and ecosystem
services monitoring. Through networking, shared training, collective projects and initiatives, the
monitoring ecosystem has become better defined, the actors better engaged and the challenges more
accurately known, with the mobilisation of data, anchored on the pan-European harmonisation and
integration of in situ and remote sensing data, at the core of new frameworks (e.g. EBVs).

*
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Table 2. Some large-scale or pan-European biodiversity-related monitoring or data aggregation networks and infrastructures.

NAME

GBIF

LifeWatch

eLTER

EMODnet

LUCAS

EBCC
(European
Bird Census
Council)

MISSION/MANDATE

To mobilize the data, skills and technologies needed to make
comprehensive biodiversity information freely available for science
and decisions addressing biodiversity loss and sustainable
development

Become the Research Infrastructure providing access to the world's
biodiversity content, senices and communities in one click.

To provide researchers with access to over >500 sites and >50 larger
LTSER Platforms across Europe, including Israel, and
biogeographical regions, establishing and offering harmonised and
standardised data (including biodiversity), services and training useful
to citizens and expertsintheirjoint efforts to find sustainable solutions
to the Grand Societal Challenges.

A long-term public marine data senice and marine knowledge
initiative.
To identify changes in the EU Union in land use and land cowver.

The data collected by LUCAS provides harmonised information for
studying a range of socio-environmental challenges, such as land
take, soil degradation or biodiversity.

To report on distribution and temporal changes of birds in Europe via
three main projects. PECBMS (Pan European Common Bid
Monitoring) using common birds as indicators of the general state of
nature using large-scale and long-term monitoring data on changes
in breeding populations across Europe. EBBA (European Breeding
Bird Atlas) reporting the state and changes in breeding bird
distributions and EBP (EuroBirdPortal) reporting changes in bird
numbers and occurrence across the year.

TYPE
ENTITY

IGO

OF

ERIC

preparatory
phase to
become an
ERIC

Network of
organisations

Eurostat Suney

NGO

GOVERNANCE

Global infrastructure
with distributed nodes
and centralised
Senices.

Distributed
infrastructure

research

Distributed
infrastructure

research

Hybrid infrastructure

Centralised

Decentralised

CORE FUNDING

Core budget funded by
GBIF national (voting)
members, additional
funds received as
supplementary funding

Member states

EU Member States

DG MARE

DG ESTAT and
other DGs

EC, Member States, and
wolunteer contributions
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BCE
(Butterfly
Conservation
Europe)

BISE (EEA)

FISE
(Forest
information
system for
Europe)

(EEA)

WISE (EEA)
(Water
information
system for
Europe)

Eionet

Copernicus
EU
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To report on the state and change of the European butterfly
populations. Its main project, eBMS - European Butterfly Monitoring
Scheme (run in coordination with the UK Centre for Ecology &
Hydrology), compiles data from schemes across European countries
to produce the population trends of the European species and
Indicators such as the EU Grassland Butterfly Indicator.

Be a single entry point for data and information on biodiversity in the
EU. Bringing togetherfacts and figures on biodiversity and ecosystem
senices, it links to related policies, environmental data centres,
assessments and research findings from various sources. It is being
deweloped to strengthen the knowledge base and support decision-
making on biodiversity.

An entry point for sharing information with the forest community on
Europe’s forest environment, its state and development. FISE brings
together data, information and knowledge gathered or derived
through key forest-related policy drivers. FISE presents the following
five priority topics for forest data and information: forest basic data,
nature and biodiversity, forest and climate change (impacts,
adaptation and mitigation), forest health and resilience (natural
disturbances, fires and pests), and (forest) bioeconomy.

Be a single entry point for data and information on water quality,
guantity and aquatic biodiversity in the EU. Bringing together facts
and figures on biodiversity and ecosystem senices, it links to related
policies, envronmental data centres (EIONET, see below) and
assessments. It is being dewveloped to strengthen the links to the
datasets and knowledge base and support decision-making on
aquatic biodiversity.

National environment agencies responsible for monitoring under
various directives and policies report their data to EEA annually
(State-of-Environment reporting) and once ewery six years for the
WFD and HD,

To monitor and forecast the state ofthe environment onland, seaand
in the atmosphere, in order to support climate change mitigation and
adaptation strategies, the efficient management of emergency
situations and the improvement of the security of every citizen.

This project receives funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement
No 101003553.

NGO

EU Agency
(EEA)

EU Agency
(EEA)

EU Agency
(EEA)

National
agencies and
research centres

EU programme

Decentralised

Centralised

Centralised

Centralised

Decentralised

Centralised

EC, Member States and
wolunteer contributions

EU Subsidy, EFTA and
New Member Countries’
Contributions

EU Subsidy, EFTA and
New Member Countries’
Contributions

EU Subsidy, EFTA and
New Member Countries’
Contributions

National funding

EU
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Water Assessment, monitoring and reporting of ecological status under
Framework Article 18, including data on single biological quality elements in
Directive rivers, lakes, transitional and coastal waters. Data are also reported
(WFD) annually as EQR-values for each single biological quality element

under the WISE-SoE data flow.

Habitats & | Assessment, monitoring and reporting of conservation status under
Birds Article 17 of the Habitats Directive and Article 12 ofthe Birds Directive
Directives

monitoring

(among other
environmenta
| directives)

This project receives funding from the European Union’s Horizon
2020 research and innovation programme under grant agreement
No 101003553.

EU
mandate

EU
mandate

legal

Lega

Hybrid: The
monitoring and
reporting is done by
the countries and the
assessments are done
by the EEA with
support from the ETC-
BE

Decentralised

Member States and
EFTA countries and
EEA.

Member states
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3.3. Future needs for workflows from data collection to modelling

Experts in the field of biodiversity monitoring, data collection, data integration and modelling have
identified a range of future needs for developing workflows of Essential Biodiversity Variables (EBVs)
within the context of an EU-wide biodiversity observation network (Lumbierres & Kissling 2023). For
data collection (orange bars in Figure 2a), there is a clear need for increased sampling effort (e.g. more
sites, larger geographic coverage, higher temporal frequency, and broader taxonomic/ecosystem
representation) in freshwater, marine and terrestrial ecosystems. Additionally, the development and
use of novel monitoring techniques (e.g. eDNA, remote sensing, digital sensors) for EBV generation is
a key need across realms (Figure 2a). For freshwater and terrestrial EBVs, improvements of existing
sampling designs or the development of new ones has been highlighted by experts whereas for the
marine realm improvements in satellite remote sensing are specifically mentioned (Figure 2a). For
dataintegration (green barsin Figure 2a), experts emphasise the need for integrating and harmonising
data from various sources (e.g. from different sampling methods) as well as developing protocols and
standardisation procedures (e.g. standardising metrics and data collection) for freshwater, marine and
terrestrial EBVs. The expansion of European integration nodes is especially important for marine EBVs
(e.g. coordination at the EU level and improved integration and communication among
regional/national nodes) whereas the automation of workflows (e.g. automated EBV generation or
apps for improving sampling data flows) are emphasised for terrestrial EBVs (Figure 2a). For modelling
(blue bars in Figure 2a), the development of new models (e.g. spatially explicit models for
extrapolating data to sites without measurements, or models that connect EBVs to drivers of
biodiversity loss) and an improved model accessibility (e.g. user friendliness and open code) are
identified as the main future needs for developing EBV workflows.

In addition, a number of interoperability aspects and IT infrastructure needs have been identified for
developing EU-wide EBV workflows (Figure 2b). Data accessibility is highlighted as the key bottleneck
for freshwater and terrestrial EBVs (grey bars in Figure 2b), with anurgent need for access to the raw
data. The implementation of metadata standards is also repeatedly mentioned by experts across
freshwater, marine and terrestrial EBVs. For IT infrastructure, experts highlight the need for
centralized portals and data repositories as well as a centralized cloud computing facility to generate
EBVsand other data and information products (yellow bars in Figure 2b).

The diverse range of future needs for EBV workflows, as identified by hundreds of experts (Lumbierres
& Kissling 2023), reflects the varying levels of development of each EBV and is strongly influenced by
the existence or lack of monitoring initiatives across Europe. It also reflects unique aspects of the
current state of monitoring and reporting in different realms (freshwater, marine and terrestrial),
highlighting the need for a unified framework based on EBVs across Europe.
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Figure 2: Future needs for developing workflows of Essential Biodiversity Variables (EBVs) in the
context of an EU-wide biodiversity observation network. (a) Aspects of data collection and sampling,
data integration & modelling, and (b) interoperability aspects & IT infrastructure needs. Information
was obtained from experts during an EBV workflow workshop held by EuropaBON from 22-24
February 2023. The experts provided workflow information for 70 EBVs identified by EuropaBON
(https://github.com/EuropaBON/EBV-Descriptions). The information was subsequently grouped into
the categoriesas represented on the x-axis.

3.4. Key lessons learnt from previous experiences and from literature

Designing, planning, constructing and operationalising large-scale, data-driven environmental
monitoring is a complex task. However, we candraw some lessons from the considerable experience
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and knowledge laying both in the published literature and within relevant institutions in the EU. While
these infrastructures are better understood as ‘socio-technical’ (Bowker 2000; Baker and Bowker
2007; Pritchard et al. 2022; Urzedo et al. 2022) with no clear separation between the social and
technical aspects, we focus here on aspects towards the social end of the socio-technical spectrum.

Mandate. Biodiversity monitoring has to be high on the political agenda (e.g. existing regulations and
laws as well as upcoming EU Restoration Law). In many cases, it has been reported that “legislation
mandating monitoring” has to be in place before initializing systematic monitoring schemes (Wright
et al. 2020) or at the very least overall pressure for quantitative evidence reporting. A compelling
agenda with high [“but not too high” Votisek et al. (2008)] but achievable objectives must be agreed
upon. Finally, the goal should not be to just provide data, but clear information and knowledge on
biodiversity (Portillo-Quintero etal. 2014).

Leadership and guidance. The majority of existing or upcoming infrastructures or projects relatedto
biodiversity monitoring are headed by active researchers or education institutions, or have science-
driven aims (Table 3). This is particularly true regarding biodiversity-related ERICs, as the ERIC
definition reflects this mission!: “research infrastructuresare facilities, resources and services that are
used by research communities to conduct research and foster innovation in their fields.” (see also a
global analysis of Rl in Salmon 2019). There is a need for an infrastructure for monitoring biodiversity
that is research-based but not research-driven (agencies would guide, research organisations should
advise, stakeholders would implement). One possible example is the EEA and the newly established
European Topic Centre for Biodiversity and Ecosystems (ETC-BE), which consists of 25 partners
dominated by large research institutes across Europe. EEA and the ETC-BE interact with EIONET as
national nodes providing data and knowledge. However, their mandate doesn’t reach the
harmonization of data collection and observations or the integration of all kind of biodiversity data.

Table 3. Biodiversity monitoring-related large-scale, pan-European infrastructures and their missions.

‘ NAME MISSION (copied from each organisation’s website)

ETC-BE - Support EEA with harmonisation of environmental information of the member
countries, the processing of databases, the analysis of information, including the
use of models to describe the present and foreseeable state of the environment
and the presentation of information to support policy making. Designing and
providing support for monitoring requirements and approaches for tracking
progress towards the implementation of the 8th EAP and European Green Deal,
including EEA’s input to mid-term reviews of underlying policies, particularly the
Biodiversity Strategy for 2030,

EIONET The European Environment Information and Observation Network (Eionet) is a
partnership network of the European Environment Agency (EEA) and its 38
member and cooperating countries. EEA and Eionet gather and dewelop data,
knowledge, and advice to policy makers about Europe's environment.

eLTER (ERIC) ‘...facilitate high impact research and catalyse new insights...

EOOS ‘...integrate Europe’s ocean obsening communities and facilitate coordinating
the multiple organisations operating, supporting and maintaining ocean
obsening and monitoring infrastructures.’

ELIXIR (ERIC) ‘...coordinate, curate, store, archive, integrate and disseminate the life-science
data produced by life science researchers in Europe and elsewhere...’

EMBRC (ERIC) ‘We provide access to marine resources, as well as cutting-edge senices and
facilities that allow researchers, from both academia and industry, to study the
ocean and dewelop innovative solutions to tackle societal issues.’

1 From LifeWatch FAQ, https://www.lifewatch.eu/organisation-governance/
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Danubius (ERIC) @ ‘...to facilitate and contribute excellent science on the continuum from river
source to sea; to offer state-of-the art research infrastructure...’

DiSSCo (ERIC) ‘...place EU natural science collections at the centre of data-intensive scientific
excellence and innovation...’

LifeWatch (ERIC) @ ‘Accelerate the research effort of the scientific community...

Coordination. Large-scale monitoring systemsrequire some form of central coordination, or a higher-
level frameworkthat isable to provide the strategic role in forging an operational monitoring network.
Among the tasks of central coordination should also be to coordinate all the existing monitoring efforts
toavoid duplication of monitoring efforts, provide guidance on data standardsandsharing, and secure
the use of appropriate and available tools and technologies, to facilitate the monitoring and make
sure that data integration is possible in the end. An extra requirement, according to advice from
Vorisek et al. (2008) from EBCC, is that the coordinators have to be “enthusiastic”.

Governance architectures?. The biggest challenge in creating a monitoring network s not data sharing
(Ryan and Swanson 2014); it is finding an organisational structure that can help develop a community
of biodiversity monitoring practitioners and scientists that can cooperate to design and carry out
efficient long-term monitoring. Currently, European biodiversity monitoring governance can be
described as polycentric, with a proliferation of consortia and organisations sharing the mission to
monitor elements of biodiversity. In such cases, a central authority would not want to assume all
activities related to monitoring, but would have a subsidiary function, performing ‘only those tasks
which cannot be performed’ (Tanhua et al. 2019) at more local levels or by existing organisations. All
governance architectures come with their own advantagesand disadvantages; governance should be
tailored to the task at hand.

Stakeholder participation. As mentioned above, biodiversity monitoring in Europe is a multi-actor,
multi-scale activity. It is important to keep strong and respected partners ‘onyour side’ (Vorisek et al.
2008), from the local to the international scale, to identify strengths, as well as gaps and barriers in
order to form integrated, strong and resilient networks (Kihl et al 2020). Early consultations with
existing monitoring schemes, networks and partnerships, statisticians, surveyors, national agencies,
etc. are crucial in developing a system that can fulfil policy and user needs. It is also important to
engage ‘partners through the whole value chain’ (Tanhua et al. 2019), including data providers and
users. Considering that such system should also ‘drive socioecological land system management and
decision-making on the ground’ (Portillo-Quintero et al. 2021), biodiversity managers and
practitioners should also develop direct relationships with the system and provide inputs on
addressing societal needs and identifying scientific gaps. Importantly, local & national engagementis
paramount to understanding biodiversity dynamics and essential for ensuring legitimacy and buy-in.

Legitimacy, accountability and justice. It is important to not have any institution or MS in some way
dominating decision-making during the design, construction or operational phases of an EU
monitoring system. Broad representation of less resourced countries is required (Vofisek et al. 2008),
and for that capacity development, strong partnership, new funding models, and new training
approaches will be required (Klein et al. 2019; Tanhua et al. 2019). Respect for different monitoring
cultures, including methodologies, sampling schemes, data standards should be respected as much as

2 Tanhua et al. (2019) list of characteristics for operational infrastructures: ‘(a) Responsiveness: Governance
must respond to the needs of stakeholders across scales, and sectors (b) Purposeful: Governance must
demonstrate purposefulness for, and on behalf of, the community; (c) Clear objectives; (d) Transparency:
Transparency and openness must be a priority, to ensure broad and public access to and benefit from the
system; (e) Efficiency and Effectiveness; (f) Adaptiveness; (g) Sustainability; (h) Authoritativeness; (i)
Accountability: monitoring andfeedbackto measures of success and performance.’
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possible (Vorisek et al. 2008). Considerations of technological independence and autonomy will be
crucial, not only in terms of FAIR data, but in terms of tool (e.g. software) and database access; open-
source tools and workflows should be considered (Portillo-Quintero et al. 2021). Finally, to ensure
legitimacy, critics of the future system should also be engaged with in order to understand barriers
and address challenges, and to ensure that at least they grasp the intent and mandate of the
infrastructure (Wright et al. 2020) and finally may also provide social license and support tothe BMCC.

*
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4. Terms of reference for a Biodiversity Monitoring Coordination
Centre (BMCC)

4.1. Vision and mission
Vision
BMCC's strategic vision is to operationalise harmonized biodiversity monitoring for the conservation
and sustainable use of Europe’s terrestrial, marine, and freshwater ecosystems. By 2030, the BMCC
will coordinate and streamline a system of observations, models, data assimilation methods,
knowledge and capacity building efforts to deliver regularinformation on the state of biodiversity in

Europe by developing a shared biodiversity monitoring system at Member State and EU level, in ways
that promote integration and re-use to benefit all EU citizensand institutions3.

Mission

BMCC's mission is to coordinate biodiversity-related monitoring efforts in Europe and establishing a
shared European biodiversity monitoring system by

a) bringing together and exploiting the full potential of existing monitoring schemes, while
empowering and aligning them

b) integrating and harmonising EU, national and local monitoring data, and

c) designing new monitoring schemes where gaps exist (regardless of who deploys the new
monitoring efforts).

The selected mission of the BMCC and, importantly, the technical tasks it should develop, determine
its possible organisational, governance and legal structures, as described below.

4.2. The technical mandate

The BMCC should develop functions related to coordination and support to authorities and
stakeholders, to data (data collection, mobilisation, integration and sharing) and to analysis and
reporting (Table 5). An extensive number of tasks has been proposed under each of these categories
(Annex 4), covering the needs identified by hundreds of experts and stakeholders. The size,
requirements and governance modelofthe BMCClargely depends onthe level of ambition to cover
all the proposedtasks.

Our proposal of Table5 is a first attempt to prioritise the wide variety of functions collectedin Annex
4, based on the urgency and relevance of the tasks proposed. After this summary table, we describe
in more detail the most urgent and relevant tasks. This can give anidea of the work to be accomplished
with the set up of an eventual BMCC. Most of these tasks are also EuropaBON and Biodiversa+
responses to some of the deficiencies of the EU monitoring landscape as highlighted by more than
350 stakeholders.

Table 5. Proposed BMCC functions evaluated depending on their urgency and their relevance.. The wide range
of tasks gathered during the participatoryprocesses and collectedin Annex 4 is filtered and selected here to
point to the most urgent and crucial tasks (in green), the tasks that should be developed at a later stage (in
yellow) and those that should be re-evaluated (no colour). H: high, M: medium, L: low, L*: the relative low

3 Inspired by thevision in International GODAE Steering Team (2000).
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478 relevance assigned to this task for the BMCC can indicate that the work could be outsourced or better
479 developed by otherinstitutions and/or at another level (typically at national level).

480
481

Urgency Relevance
Category Topic H{M|[L|H|M]|L*

Coordination and [Coordination 1: Support coordination between Member
support functions |States and institutions X X

Coordination 2: Collaborate and engage with external
knowledge holders X X

Coordination 3: International coordination X X

Capacity building 1: Support data exchange, analysis and
standardization X X

Capacity building 2: an overarchingrole

Capacity building 3: Data collection

Capacity building 4: Design of national monitoring schemes

Capacity building 5: Support to citizenscience

X[ XX |[X]|X
XX |[X]|X

Capacity building 6: New techniques and approaches

Funding 1: Allocation of funds to sponsor monitoring
schemes

x
x

Funding 2: Capacity building on financing options X X

Datacollection, |Datal: Datamobilization, integration and harmonization | X X

mobilization,  |pata 2: Improved sampling designs and standardization of

integrationand |14 gata collection X X
sharing

Data 3: Datainfrastructure and tools X X

Data4: Develop data access and data sharing policies X X

Data 5: Field data collection and monitoring
implementation X X

Analysis and Analysis 1: Statistical analysis and visualization X X

reportingto | Analysis 2: Support official reporting X X
support

stakeholders

Analysis 3: Web portals for dissemination of analyses X X

Analysis 4: Gap analysis, both on monitored data and on
knowledge X X

Analysis 5: Develop and standardize analysis tools X X

Analysis 6: FAIR principles and justice/transparency X X

482

483 In this report we propose to start the set-up of the BMCC focusing mainly on the coordination of
484 biological variables (reflecting state, trends & functioning of species, habitats and ecosystems). For
485 ecosystem processes, some abiotic variables are also needed. This can already represent a huge work
486 programme. However, sooner or later the BMCC should cover or establish the necessary bridges to
487  assessthekey stressors/pressures and eventualimpacts. Thiswould complicate the mandate of the
488 BMCC since the monitoring of stressors and human activities is spread over plenty of regulations and
489  competent authorities. However, it is crucial to ensure that the measurement of pressures and the
490 monitoring of biodiversity is spatially and temporally aligned. Some of these tasks are being covered
491 by the European Topic Centres (ETCs) working for the EEA, but the work needs strengthening to report
492 more raw data, to push for harmonization in data collection and integration, and to do thorough
493 analyses of pressures and impacts.
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Coordination 1: Support coordination between Member Statesand institutions

To achieve the main goal of getting harmonized or interoperable biodiversity observations, the BMCC
need to connect the key actors running monitoring and their infrastructures. Optimally, Member
States would have a national biodiversity hub representing competent authorities responsible for
biodiversity monitoring together with other organizations and institutions compiling relevant
biodiversity data at national or subnational scale. If that hub is not existing, the starting point would
be Member States’ representatives implementing EU environmental directives, EIONET focal points
and potential GBIF nodes.

Within this task, the BMCC should:

- Help competent authorities identifying key national contributors, leaving them the national
coordination. BMCC can contribute with EU stakeholders maps that detects supranational
organizations collecting biodiversity data. Although the BMCC governance should have
general biodiversity coordinators, this and all the other tasks of the BMCC should be run in
thematic expert groups dealing with each of the EBVs at stake.

- Provide a forum where transnational biodiversity monitoring programmes are discussed at
technical level (design, targets, methodologies...). With the time, this forum will become a
platformto find the best national and transnational monitoring schemes/standards/protocols
and, eventually, coordinate them.

- Investigate and discuss the best (technical and organizational) alternatives to integrate
different sources of data, ranging from official monitoring to research and citizensscience.

- Push for the standardization of data collection or at least for the interoperability of the
resulting assessments. This should be supported by the technical tasks, as well as by the
analysis of policy and financial options.

A prerequisite for this task is to bring key knowledge holders together, as reflected in the following
task.

Coordination 2: Collaborate and engage with externalknowledge holders

The BMCC faces the critical task of optimizing the utilization of biodiversity data, which is currently
amassed and managed by diverse external knowledge holders, each possessing a spectrum of
expertise and governance structures. The BMCC's primary role is to bridge the gap between the EU
overarching biodiversity requirements and the extensive scientific community, stakeholders and
experts in the field of biodiversity monitoring. This task will need to facilitate the exchange of
knowledge and expertise at the stakeholder level thus allowing the BMCC to tap into the wealth of
insights, data and expertise held by external knowledge holders, including research institutions, non-
governmental organizations and local communities involved in monitoring.

To allow an effective collaboration and engagement with external knowledge holders, the BMCC will
need to deploy targetedtools and actions aimed at allowing such stakeholders to link and contribute
to the network being developed. Amongst the main tasks to be developed within this task, the BMCC
should:

- Generate and update a database of key stakeholders in the biodiversity monitoring panorama
which contributes to map the contribution of the different actorsto the generation of pan
European biodiversity monitoring information. When possible, this database needs to
coordinate with national and subnational counterparts to make sure that relevant stakeholder
involvement aligns across responsibility scales. Consider leveraging the existing stakeholder
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database = maintained by the EuropaBON project as a foundation
(https://europabon.org/members/home).

- Promote and coordinate working groups allowing relevant stakeholders to discuss, exchange
and agree on topics of relevance for the BMCC. These groups may have different nature and
be occasional or more stable depending on the topics to be discussed or the objectives agreed
upon (i.e. expert thematic groups). The BMCC would need to coordinate with its stakeholder
networks the creation of such groups in order to avoid duplication of already existing efforts
and rather explore the possibility of using them for the purposes of the BMCC.

- Keep track and map current workflows and monitoring initiatives in Europe to identify what
information is currently collected, aggregated and eventually used and link this information
with the relevant stakeholders or actors responsible for such endeavors. At the European
level, we could use the experience of the EuropaBON monitoring database
(https://europabon.org/?page id=2513) which will require a closer linkage with national and
national biodiversity monitoring mapping efforts developed by initiatives such as Biodiversa+.

- Forge strategic collaborative agreements. Identify and develop specific partnerships and
agreements between BMCC and information holders or stakeholders with specific expertise
to involve key actors in operational BMCC developments. BMCC would need to explore the
tools required to link on a range of collaboration typologies (from short to long term) with key
stakeholders once specific workflows have been identified requiring the involvement of such
expertise in their development.

Capacity building 1: Support data exchange, analysis and standardization

The BMCC could play an important role in offering capacity building to improve and promote data
exchange, analysis, and standardisation. Asthese aspectscould potentially pose a technical barrier for
some stakeholders, the BMCC could provide tools and knowledge that make these processes
accessible to all monitoring communities. Additionally, the implementation of these tools could
optimise various other aspects of the data workflow, such as the automatisation of data processing
and the model production.

A crucial task for the BMCC is to establish clear, step-by-step protocols for standardising the different
workflow steps. Especially important is to standardise the data entry and registration process with
clear metadata standards and common files. Accompanying these protocols, the BMCC should create
user-friendly guides and documentation to facilitate the widespread adoption of these standardised
protocols. Additionally, it is important to periodically review and update the protocols to integrate
new methodologies and technologies when they become available.

To complete the adoption of a standardised protocol and accommodate the use of different
monitoring techniques, the BMCC could develop a data model design to make compatible different
data types. These data models enable integration and enhance interoperability, thereby fostering a
more cohesive and efficient data exchange process within the monitoring network, at the same time
promoting the use of novel monitoring techniques allowing the integration of different systems in one
unigue network.

To integrate all these tools effectively, the BMCC could develop a centralised, user-friendly platform
designed to support data submission, storage, access, exchange, and analysis. Moreover, this platform
could be equipped with features such as data visualisation and analytics for enhancing user interaction
and data interpretation, ultimately promoting an inclusive and accessible environment for diverse
stakeholders.

To facilitate the adoption, dissemination and comprehensive understanding of the standardisation
protocols and integration tools, BMCC should conduct training programs, workshops, and seminars
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for the different stakeholders. These should focus on the standardisation of data and analysis
methods, ensuring stakeholder networks are well-equipped to use these integrationtools effectively.

Data 1: Data mobilization, integration and harmonization

Mobilization of data involves the transformation of datasets assembled for a variety of specific
purposes and projects, expressing it in consistent and standardized formats, and sharing it via
platforms that enable onward uses and applications. An important function of the BMCC will be to
support mobilization of data across a wide range of monitoring programmes, to encourage and
facilitate the integration of such data for the purposes of EBV generation, and to enable such datato
be freely discoverable and accessible for further analysis and re-use. This includes the ‘unlocking’ of
raw data collected for the purposes of EU reporting through the EEA, but seldom shared or published
alongside the completed templates required to report on the various directives. Such underlying
datasets contain rich and high-resolution data of great value to inferring status and trends of
biodiversity based on the EBV approach, and this value is lost if the raw data remains hidden and
unmobilized. The BMCC's role in this regard should be a) to encourage and facilitate retrospective
mobilization of raw data held in Member State ministries and agencies, thus improving the baseline
data available for monitoring of biodiversity trends, and enabling the construction of historic time
series data to better understand the context of contemporary and future observations; and b) to
develop guidance and workflows to ensure that future EU reporting includes standard recommended
steps to harmonize and publish raw data alongside the mandatory reporting requirements for the
directives. For appropriate data types, both steps will involve formatting data using the Darwin Core
(DwC) standard, and eventually the GBIF universal data model enabling a broader range of attributes,
both biotic and abiotic, to be included. Delivery of such data should also make use of the data cube
format being developed through the Horizon Europe B-cubed project, supporting the application of
selected EBVs.

To carry out this task, the BMCC will need to establish close working relationships with GBIF national
nodes in the Member States, as these are often the key repositories of skills and facilities to enable
mobilization, integration and harmonization of data. However, a number of functions are likely to
remain essential to be carried out at the EU level, for example: a) conveying advice to GBIF national
nodes on the formats and specifications for national datasets to be most useful for the purposes of
EU biodiversity monitoring; b) acting as a point of contact and ‘matchmaker’ in cases where relevant
national reporting authorities are not currently well-connected with the GBIF national node; and c) in
cases where no GBIF node currently exists, providing direct guidance and services to Member State
agencies for data mobilization, integrationand harmonization, including data hosting facilities where
appropriate. The most effective means of equipping the BMCC for this role will be to establish a GBIF
node at EU level as a component of the governance structure as illustrated in Figure 2 below. Such a
node would also be part of the GBIF governance and nodes community, thus enabling the BMCC to
benefit from global developments and collaborations to support data mobilization. It could also serve
as a key focal point for GBIF's European operations with functions including:

- Coordination of GBIFinvolvement in Horizon Europe projects

- Liaison with the emerging landscape of EU biodiversity governance including the EC
Knowledge Support Centre for Biodiversity, the EU Science Service for Biodiversity and the
European Topic Centres; and

- Ongoing liaison with the appropriate DGs and centres of the Commission, especially DG
Environment, DG RTD, DG-INTPAandJRC

Data 2: Improved sampling designs and standardization of field data collection
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An improved sampling and standardized collection of biodiversity data across the EU is an essential
pre-requisite for a robust and unbiased assessment of biodiversity change at national and EU level.
Current biodiversity monitoring schemes in the EU have major spatial, temporal and taxonomic gaps
and bottlenecks. This severely limits the representative and unbiased tracking of national and EU
biodiversity targets. The BMCC should therefore be the central point of knowledge on biodiversity
sampling designs and data collection methods in the EU.

Within this task, the BMCC should:

- Generate and maintainan overview (e.g. via a database or web portal) of existing monitoring
protocols for all taxa, realmsand habitats

- Recommend best practice monitoring methods and develop new guidelines for promoting
standardized data collection across the EU

- Facilitate (or develop) the design of new sampling designs and monitoring schemes (if/where
needed) across Europe

- Organize expert group meetings to develop standardised monitoring protocols and
harmonized monitoring designs

- Coordinate technical expert groups to identify minimum requirements of monitoring efforts

- Identify and track monitoring gaps at national and EU level and promote gap-filling activities
(e.g.in countries and areasthat are currently under-sampled)

- Identify, develop and promote specific sampling needs to detect and monitor rare species and
habitats

- Interact with diverse stakeholders to align sampling strategies, field protocols, techniques,
and site selection procedures

- Provide recommendations and best practices for sampling designs with novel methods (e.g.
eDNA, digital sensors), specify standards where possible, and identify requirements for
metadata collection

- Find pragmatic ways of making compatible and integrable datasets which have been collected
with different designs and different collection methods, and using different standards and
methodologies

- Ensure the standardised collection and reporting of covariates and environmental variables
(e.g. land cover, weather conditions, equipment used etc.) for the analysis of collected
biodiversity data to allow attribution to, and analysis of, global change drivers

Completing this task effectively would require the BMCC to coordinate knowledge exchange on data
collection efforts and sampling designs across the EU. This requires interacting with a range of
stakeholders, including EU agencies, member states, NGOs, research institutions, citizen science
platforms and private industry.

Data 3: Data infrastructure and tools

To accomplish the overarching aim of establishing a unified and comprehensive biodiversity
observation system across Europe, it's vital for a BMCC to bolster data infrastructure and cultivate
effective tools. Recognizing that data is the lifeblood of robust monitoring, the diversity, scale, and
granularity of biodiversity data necessitates a solid infrastructure for collection, storage, management,
and analysis.

Within the confines of this task, the BMCC should:
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Propose and develop a robust data framework for the EU: Collaborate closely with Member States,
researchinstitutions, and global biodiversity initiatives to craft an integrated data infrastructure. This
should consider the varied nature of biodiversity data, ranging from genotypic sequences to large-
scale ecosystem observations. Central to this design will be adhering to FAIR principles (Findability,
Accessibility, Interoperability, and Reusability) to ensure data consistency and utility. Where possible,
the BMCCshould encourage the adoption of open-source platforms and open data standards, further
aligning with these principles and ensuring scalability and adaptability.

Implement and promote tools for data integration: Given the fragmented nature of existing
biodiversity datasets and initiatives in the EU, the BMCC should be at the forefront of promoting and
creating tools that facilitate data ingestion, integration, and harmonization. This endeavor includes
the development of API services that enable efficient data exchange between systems. Additionally,
the BMCC should focus on crafting software or plugins that allow for seamless integration of data from
diverse sources, whether from citizen science projects, traditional monitoring, or advanced eDNA
studies.

Strengthen Data Accessibility and Security: While the push for open data iscommendable, BMCC must
ensure that data storage and retrieval systems are both secure and efficient. The development of a
clear and transparent data sharing framework and agreementsis crucial. This includes provisions for
data providers to obscure sensitive information or keep it behind restricted access, ensuring their
concerns and the data's integrity are being address. The use of cloud-based solutions, paired with
rigorous access controls and encryption, can strike the right balance between transparency and data
protection.

Facilitate Capacity Building and Decision Support: A core component of the BMCC should be
concerned with decision support, ensuring there's effective knowledge transfer. This not only helps in
the interpretation of information but also coaches’ individuals to develop their own insights.
Recognizing the potential technical hurdles faced by Member States, the BMCC should offer regular
training sessions and webinars. Topics could range from the basics of data entryand management to
advanced analytical techniques using the latest tools, all while emphasizing the importance of drawing
actionable insights from the data.

Ensure Interoperability and Standardization: In line with coordination efforts, the BMCC should
continuously advocate for and work towards common data standards. Actively engaging with
communities of practice and experts, such as TDWG Biodiversity Information Standards and the
Catalogue of Life for taxonomic concerns, is essential. This collaborative approach would not only
ensure consistent data quality but also facilitate smoother data integration and sharing across
borders.

Completing this task effectively would require the BMCC to collaborate with a diverse set of
stakeholders. It is pivotal to harness the insights and expertise of IT specialists, data scientists,
ecologists, and policymakers to develop an infrastructure that truly serves the needs of European
biodiversity monitoring.

Data 4: Develop data access and data sharing policies

The basis of any monitoring scheme is the data. Besides the collection of data the availability of data
is therefore essential. The BMCC should play an important role in the mobilization of data on
biodiversity and facilitate sharing of data. This has several aspects as summarizedin the FAIR principle
, Findability, Accessibility, Interoperability, and Reuse of digital assets. However there are several ways
to reachthis and hurdles to overcome.

Important aspects of this task are:
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. Findability of biodiversity data: Data on European biodiversity is currently spread over many
databases and the findability is low for much of this data. Some data is available through well-
known portals but many databases are not easily located. Therefore it is essential that BMCC
increases the visibility of existing datasetsand facilitates access tothem. Documentation on the
(harmonized) data and its metadata should be made available as well, preferably in multiple
languages.

0 Interoperability of data: Data should be made interoperable, and therefore harmonized. For
this, the databases of the different data-owners/monitoring schemes do not need to have an
identical structure. Many monitoring schemes do have preexisting databases that differ in
structure. Standardization of these databases would mean a strong top-down control and
would require adjustment of the workflows of the organizationscollecting and working withthe
data already. This is not desirable and not necessary. However, there should be a standard to
which these databases can be transformed, with a single coordinate system, date notation,
taxonomy etc., and the BMCC should facilitate the availability of these harmonized versions.

. Accessibility of data: The BMCC should facilitate data access. It should provide an overview of
existing data with the option to either directly access the data or submit a request for the data
that are not openly available. The requests for data should be send through the BMCC. For this
data sharing policies should be developed that optimize the use of data while acknowledging
the sensitivity and legislative limitations. Where detailed data cannot be made openly available,
e.g. because of data ownership, sensitive species or local legislation, the aim should be to make
data openly available ina waythat isacceptable. There are several possibilities to do this, crucial
are embargo periods, anonymization and coarse location information.

J Reuse of data: The data will be reused for the (re-)assessment of EBV’s and other goals. The
data in the databases will remain available. Specific attention should be given to the legacy of
data-owners and managersthat stop. BMCC should make sure that their data is not lost.

. Data storage: The possibility to create a metadatabase, an amalgamation of the different
underlying databases, should be explored. This would be fed by the different underlying
databases, either through regular uploading or preferably a live API. This metadatabase can
work as a global query of the underlying databases that remain with the data owner.

. Derived variables such as species lists per country or region and EBV’s should be made available
in a user friendly way for the general public.

Analysis 4: Gap analysis, both on monitored data and on information

The BMMC should support member states and the European Commission in identifying priorities for
expanding existing monitoring schemes and establishing new ones. An effective identification of these
priorities requires assessing critical monitoring gapsin the different countries and how these gaps may
impact biodiversity status and trends assessments.

The EuropaBON project has conducted a first analysis of monitoring gaps based on a compiled list of
monitoring initiatives coordinated at supranational and European levels
(https://monitoring.europabon.org/), complemented with some National and Subnational monitoring
programs. Some key findings are: (1) major thematic gaps exist regarding biodiversity attributesrarely
covered by monitoring programs, such as the genetic composition of species populations and the
distribution and abundance of most taxonomic groups; (2) the number of existing coordinated
monitoring programs greatly differs between EU countries, and often such coordinated programsonly
include few Essential Biodiversity Variables; (3) long-term monitoring programs are an exception and
they can only inform a small number of EBVs. However, despite they provide important insights, this
and other previous monitoring gap analyses cannot fully support the design of improved monitoring
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networks. First, National, Regional and Local administrations collect data which characteristics have
not been made available to these analyses. For example, much of the biodiversity information used
for the National reporting under the Habitats, Birds, and Water Directives could not be tracedto the
data origins. Second, there s lack of information on the spatial coverage of many existing coordinated
monitoring programs, e.g., including different biogeographic regions or ecosystem types, density of
observations, etc. Finally, many monitoring initiatives are not necessarily coordinated yet at the
National or European levels but they can provide highly valuable monitoring information and expertise
(e.g., protected areas monitoring and other fragmentary sub-national programs, etc.).

The BMMC should analyse current monitoring gaps at the European scale and in collaboration with
National and Regional administrations. The gap analysis should differentiate gaps in monitoring data
collection and gapsin information on biodiversity status and trends. As a result, the analysis should
significantly expand the information currently available on existing data collection initiatives; how the
data are being used; and what are the implications of the gaps for assessments of biodiversity status
and trends. Important gapsthat require a comprehensive analysis are the following:

1. Spatial coverage gaps. Analysis of regional information deficits that typically result from
insufficient geographic coverage of monitoring programs. Spatial gaps are not only defined by
administrative boundaries but also biogeographic regions, current and future climate
gradients, ecosystem types, nature protection networks (e.g. Natura 2000 sites), etc.

2. Temporal coverage gaps. The time span and the frequency of repeated data collection, and
their effects on the quality of the derived information on biodiversity trends at National and
subnational levels.

3. Thematic and taxonomic gaps. These refer to the collection of data required for monitoring
different EBVs and to obtain comprehensive information across multiple biodiversity
components. It involves the degree of coverage of different taxa relevant taxa, habitat types,
and ecosystem functions relevant for policy assessments.

4. Data-to-information gaps. This involves assessing the extent to which data collected in
multiple monitoring programs are made available and/or reused to maximise the production
of information thatis comparable between different regions and with different purposes.

Other gaps to analyse during the process are monitoring capacities and national-level coordination
across administrations and sectors

Analysis 6: FAIR principles and justice/transparency

The FAIR principles (Findability, Accessibility, Interoperability, and Reusability), justice and
transparency should allow to maintain the scientific reproducibility and as well as all the authorships
and responsibilities. This could be potentially applied in a general manner to all information flows
involved in the coordination work of the BMCC. However, because of the diverse nature of the
monitoring and its particularities in every Member State, information can be mobilised in different
ways depending on the topic and the existing information flows, and this could be also linked to the
best possible approach to the implementation of these principles. Thematic expert groups dealing
with each of the EBVs within the BMCC would ideally develop the best procedure to ensure these
principles are met. BMCC should take care of these principles regardless of data features, from raw
data collected in the field to structured data ready for its proper interpretationin science-policy. The
concept of EBVs could be particularly useful because it identifies the final aimin which everythematic
expert group could propose a FAIR/justice/transparency framework. Usually EBVs are not raw data
but the result of a process of (among others) validation, integration, modelling and adoption. In this
context, it is important to identify where each principle applies within the information flow, ensuring
that all stakeholders involved in the process keep the proper responsibility for these principles (see
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examples). It is of paramount importance that the BMCC thematic expert groups identify the most
reliable frameworkfor each EBV.

Examplel - Raw data: FAIR principles and justice/transparency in GBIF occurrence data

FINDABLE: GBIF has requirements for metadata and datasets. All datasets are identified by Digital
Object Identifiers (DOIs). ACCESSIBLE: The GBIF Portal API provides a machine readable interface (REST
+ JSON) and use the Integrated Publishing Toolkit (IPT) as trusted data repository. INTEROPERABLE:
GBIFrecommends using Darwin Core for occurrence data. REUSABLE: GBIF requires creative common
data licenses (CCO, CC BY, or CC BY-NC). Provenance available from the GBIF portal. JUSTICE:
organisations responsible for data are shown. TRANSPARENCY: Links to data provider allows to track
all details on the data collection, curation and management.

Example2 — EBV data: FAIR principles and justice/transparency in EBV distribution of terrestrial bird
species

The most reliable information on the distribution of birds at European level is the European Breeding
Bird Atlas 2 (Keller et al. 2020) and this is the base of current developments for the EBV distribution
of terrestrial bird species. This project achieved this goal keeping FAIR/justice/transparency principles
by developing a number of agreements among stakeholders. Here is a summary of all of them.
FINDABLE: agreement shows that the EBV data and metadata for each species would be findable for
both humans and computers in a specific online database (ebba2.info) run by the EBCC. ACCESSIBLE:
Once found, the data can be automatically accessed including authenticationand, in case of non-open
data (some EBVSs), previous authorisation by EBCC (some EBVSs) or national partners (raw data).
INTEROPERABLE: EBBA2 data can be integrated with other data thanks to the use of EU standards
(grids, species names, units, etc). REUSABLE: the reuse of data is described. Some have creative
common data licenses, while for sensible datathe copyright is retained by EBCC. People responsible
for the project are maintained for any consultancy even once the project is finished. JUSTICE:
European and all the national partners (organisations, people responsible for data at national level)
are shown, together with their role in data use. TRANSPARENCY: the website explains how the data
was collected, who canaccess it, how it was used and how to interact with it.

4.2.1. Aboutdata sharing and open data

A key challenge for the establishment and success of a BMCCis access to high quality spatial data. This
was identified in the initial scoping exercise, but it also emerged as a concern and debate among
invited stakeholders during the EuropaBON /Biodiversa+ annual stakeholder conference in November
2022. The key problem is the hesitancy of numerous organisations that collect monitoring data to
share the raw data they collect without any restrictions. The list of organisations includes government
agencies, NGOs, pan-European monitoring schemes, universities, individual scientists, or companies
that are involved in monitoring (e.g. Member State’s Habitats Directive monitoring). The arguments
given for this hesitancy include ethical, financial and conservation reasons, and are not
straightforward or easy to bypass. As participantsargued, data sharing is part of the “social challenges
that need to be overcome” through a combination of technical, financial and governance solutions. In
this regard, it isuseful tolook for inspiration from existing experiencesincluding those originated from
researchfields (and their data infrastructures) that, by nature of their subject matter, deal with large,
sensitive, often financially important, data, such as EU health research or maritime transport route
optimisation.

In health research, data are collected from various actors across the public-to-private spectrum, and
they come with significant ethical and financial concerns. For example, individual health data come
under the EU’s General Data Protection Regulation (GDPR), and thus cannot and should not be openly
and freely accessed. Furthermore, health data are often under proprietary licences, and cannot be
legally accessed.
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One of the proposed ways to solve these issues in health research that still allows for the
establishment of large-scale Rls combines technology with governance innovations in what s calleda
“cloud-based federated system architecture” (Aarestrup et al. 2020). Giving the example of the
Medical Informatics web-portal, Aarestrup et al. (2020, p. 5) note that we can use a cloud-based
“software framework, based on federated and distributed computing, that allows researcherstomine
clinical data stored on hospital and laboratory servers, without moving the data from the servers
where they reside and without compromising patient privacy.”

Another innovation from the biomedical community that could have import in the case of the BMCC
is “Data Access Committees” (DACs) in bio-banking institutions. DACs are “chartered to review
requests for data and samples from outside researchers” (Contreras and Knoppers 2018, p. 441) and
can be found in the US’s National Institute for Health, the Wellcome Trust Case Control Consortium
and the International Cancer Genome Consortium. Two key characteristics of DACs are their
“organizational independence from the consortium or biobank/database and the inclusion of
individuals who have information technology and other relevant expertise (ibid)”.

Inthe field of maritime transport route optimisation, companies are not willing to share data required
to mathematically optimise energy (fuel) use — aside from GPS signal — such energy efficiency or load
from the ship. Giannopoulos et al. (2023) developed an approach based on “federated learning”
(McMahanetal. 2017) that can model fuel use without the data ever leaving the ship. Each ship trains
a “local” machine learning model and only the learned model parametersare sent to a trusted centre.
The trusted centre combines the parameterstoan aggregate global model for a shipping fleet.

In the context of a BMCC, such approaches would let hesitant parties retain the data on their
computers, while allowing modellers and other accredited partiesto “bring the algorithmsto the data
rather than centralizing the data” (Aarestrup et al. 2020, p. 5)). This option seems widely acceptable
also by Member States and local level actors, asreflected in Biodiversa+ discussions. Thus, alocal NGO
that collects occurrence and abundance data on marine mammals in the Mediterranean would be
able to participate and be creditedin the BMCC analyses and at the same time retain data ownership.
Local models could be built locally in the servers of the NGO, and the BMCC would aggregate toa pan-
European model of e.g. species distribution (see example for birds EBBA2). Furthermore, in the field
of data ethics and access, for example, the BMCCcould have one or several Data Access Committee(s)
as part of an Ethics Committee that review data requests to ensure agreed upon terms for ethics,
confidentiality and security are met. The BMCC should build on the experience gained within the
biodiversity data community through GBIF, where barriers and hesitancy have been addressed
through a number of mechanisms including effective tools for data citation using DOIs, promotion of
data papers in journals, and visibility of data-sharing institutions through metadata supplied with
datasets published via GBIF.org

Considering the proposed scope of the BMCC, there is a need to consider these — and other — socio-
technical approaches to deal with restricted data. While open access is an ideal goal, it isa “nuanced
concept” and there are various cases when a case for “ethical open access” canbe made (Baker et al.
2017). For example, endangered species, archaeological sites, commercial and community interests,
or the ethics of dealing with traditional and local knowledge are cases where not all data can be made
open. These issues require vigilance, nuance, and the development of socio-technical approachesthat
can navigate this complex terrain.

4.2.2. Deepening into the capacity building task of BMICC

Considering that lack of human and technical capacities is recognised as a main impediment of
effective biodiversity monitoring in Europe, a main or the central task of BMCC will be to engage in
capacity building, and tryto build a common ground between monitoring schemes. Similarly to other
similar infrastructures, such as GBIF, which operatesa training and capacity enhancement programme
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as a core component of its services, and OBIS, which has a ‘mandate and institutional framework for
continual capacity building as a core function’ (Klein et al. 2019), the BMCC will be a catalyser for
knowledge exchange and have a strong program of capacity building backed up by each MSresources.
Furthermore, the BMCC will also help build capacities by collecting, synthesizing and distributing best
practice from member states, e.g. regarding implementation of Birds’ or Habitats’ Directives. It can
try to develop European Standards* for different groups. What’s more, capacity building should
involve all aspects of the monitoring circle: design, monitoring effort (e.g. number of samples), field
work, data collection and infrastructures, data aggregation, harmonisation, and analysis. The BMCC
will act as a unifying central knowledge and expertise service, and coordinate at the stakeholder level.
BMCC actions and responsibilities can include (see Table 5 for a full list):

® Monitoring scheme design assistance: new schemes will need to be devised, existing schemes
will need to be harmonised, and some central guidance, support and training will be required.
A helpdesk should be established. BMCC should play this role.

® Organising trainings and workshops: on field data collection, data exchange and
standardisation, data analysis, new methods and techniques.

® Supporting & include Citizen Science: citizen science initiatives can be a robust and reliable
source of data for the BMCC, as many taxon experts engage in biodiversity recording. They
cannot, however, since they ‘substitute [...] core professional expertise’ (Wright et al. 2020),
training on new methods and obscure, more difficult indicators or species will be required, as
well as funding for standardised high quality data management and archiving as well as
adequate infrastructures. Including more expert naturalists and citizens in monitoring
biodiversity would be an invaluable element of the BMCC as an operational infrastructure
(Garcia-Alaniz et al. 2017).

® Funding capacity building and knowledge activities: activities to enhance the capacities of
monitoring stakeholders accelerated and multiply, thus funding sources, including new
funding models (Tanhua et al. 2019) will need to be identified. Notably, for OBIS, “more
effort/resources are put into developing the OBIS Nodes than building the central
infrastructure” and ‘close alignment with the OceanTeacher Global Academy provides
advantagesin developing and providing training courses in data management, data analysis,
or decision support’ (Klein et al. 2019).

® Promoting capacity justice: the BMCC should promote open, free, transparent methods, data
and data standards, and be sensitive to the needs of different countries. Even if this is very
ambitious, many experts suggest that methodologies should be ‘tailored to each country’s
specific needs and context’, ‘considerations of data and tool access should be made’, moving
to ‘open cloud-based services should be considered’ (Portillo-Quintero et al. 2021).

e Working on the science-policy interface: BMCC would act as a bridging organisation (Sapsed
et al. 2007) between the operational, research, education and policy worlds, fulfilling a key,
but missing task in the current biodiversity monitoring ecosystem.

Table 6. Capacity building and knowledge exchange actions to be undertaken by the BMCC.

Trainings and workshops on = Provide workshops for member states
data exchange and Organise training for data management, data quality assurance and
standardisation archiving, incl. upload/download, preparation (a helpdesk should be
established)
Capacity building in publishing / integrating data
Conduct workshops on how to use the data for different stakeholders
Support with training for data collection, collation

4 hitps://w w w.cencenelec.eu/european-standardization/european-standards/
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Inter-calibration events to align methods and tools across MSs
Work together with MS for good quality synchronised work
Coordinate with other sources of data, such as EU projects

Awoid duplication between BMCC and KCBD (or with ETC-BE, etc.)
Create synergies and links with and between different stakeholders
(incl. other monitoring schemes such as eLTER)

Identifying capacity needs across Europe

Provide guidance to assist with setup of compatible national schemes
Good practice for implementation of monitoring schemes

Organize training courses for appropriate conduct of monitoring
Seminars, workshops, design monitoring schemes

Do gap analysis, for instance data standards, etc.

Capacity building into new techniques and approaches, both for
recording , data management and archiving

Guide the transition between traditional and novel

Training in 'new' tools: eDNA, remote sensing, genetic monitoring
Dewelop an inclusive approach to citizen science and foster training of
citizen scientists (incl. NGOs and expert wolunteers) on methods and
taxon ID

Both structured and unstructured citizen science data is well
integrated in the data pipeline

Support Citizen Science actiities, especially at the expert level in
natural history societies, as well as for entry level schemes to promote
species knowledge and engagement in monitoring schemes
Facilitate access to funding for partners

Find funds to train a new generation of taxonomists using integrative
taxonomy approach

Funding for NGOs and natural history societies

Financially support new monitoring schemes as well as standardised
data archiving in countries

Capacity building and awareness on the integration data into
governance and policy

Organize workshops to explain the use of information products

Link relevant stakeholders and finding synergies

Advise and support national and regional conservation agencies
Foster networks of regional, national, EU projects to faciliate
integrated working and linkage to BMCC

Collaborate with museums and botanical gardens

Organise a network of universities and specialized study programmes
as well as summer/winter schools

Organise events and provide online resources incl videos to ensure
data gets collected in a standardized way

Training on data formatting and publication using e.g. DwC standards
(in partnership with GBIF)

Events to develop and update methodologies for data collection
according to the emerging needs/challenge

Provide sampling expertise

Represent the wices of all countries in the field (in terms of capacity
and tools) and do not ignore the local or regional needs

Build capacity of countries and institutions most in need

Facilitate the sharing of knowledge between high and low capacity MS
Use open science approach: open data, open analysis, open reports

Provide training on various aspects of biodiversity data analysis
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4.3. The policy mandate

As the analysis of the biodiversity monitoring in Europe indicated, there is a diversity of research
initiatives, schemes, programmes, projects, institutes, agencies, and infrastructures that share some
elements of BMCC's vision and mission. Compared with existing ERICs, the BMCC is not driven by
scientific goals but by policy goals. Its assignment should be to cater to the policy-making, decision-
making and biodiversity management communities, integrating and making accessible the EU
monitoring information. This assignment is partially shared with the EEA (with its ETCs and EIONET
network), JRC and some Commission expert groups (all of them with the active participation of
Member States), thus coordination and integration with these organisations are crucial (as reflected
in the governance model). Actually, BMCC should facilitate and strengthen the existing structuresand
processes, while the creation of new ones should be limited to gaps on data collection or on data
integration. BMCC should ensure that policy-oriented biodiversity information is more accessible on
a permanent basis.

We still did not reach the efficiency objective of “measuring once, use many times”

The vision and mission of the BMCC have a strong operational element, similar to EUROSTAT/LUCAS,
the EEA, JRC, PECBMS, or the European Global Ocean Observing System. Thus, the proposed BMCC
should be an operationalinfrastructure (Ol) that is (Alleaume et al. 2021; Portillo-Quintero et al. 2022;
Révelardet al. 2022):

e Mission oriented

e Driven by a well-defined operational purpose (technically feasible, including time series and
the implementation of user-friendly tools)

e Have well-defined governance system and strong leadership

e Public and political interest (e.g. support strategic plans and assessments towards achieving
policy requirements)

e Secure and sustainable funding

The key opportunity for the BMCCisto act asa catalyser and enable systematic and long-term routine
measurements of biodiversity, and their rapid interpretation and dissemination (as expressed in the
EURO GOOS mandate).

The major challenge for the BMCC would be to turn a fragmented landscape of different monitoring
approaches, dispersed monitoring schemes and varied data standards into one shared biodiversity
monitoring system that can serve the needs of Europe, from the EU to local environmental managers
and businesses. That requires an inclusive stakeholders and partners’ architecture.

One of the major risks of the BMCCis to become an “aggregate of researchers” where the designers
of monitoring systems will establish a system that suits their professional interests not necessarily
aligning with operational objectives (Watson and Novelly (2004). See more about risks in Section
4.5.1.

Policy-driven requirements for biodiversity monitoring are increasing at international, EU and,
consequently, national scales. To paraphrase Tanhua et al. (2019), ‘the rapidly increasing
requirements, the growing landscape of actors and activities in biodiversity monitoring, and the
constrained resources, require that some form of improved ocean observing governance evolve that
can effectively and efficiently address the growing needs of the many stakeholders.’

The present EU policy framework driving the development of biodiversity monitoring and
assessments, and fostering management measures for the conservation and sustainable use of EU
ecosystems, includes:

e The EU Biodiversity Strategyfor 2030 (European Commission, 2020a) boosts all the high-level

ambitions of the EU (through more than 100 actions) and offers as a tracking system of its
implementation a dashboard with headline indicators linked toits 16 targets. Those indicators
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have different sources and do not necessarily depend on official reporting obligations of the
Member States.
The Habitats Directive (European Commission, 1992) and Birds Directive (European

Commission, 2009) require the Member States to monitor and report on the conservation
status of species and habitats of community interest and of all wild bird species both within
and beyond protected areas. This includes notably the assessment of habitat extent and
condition and of the population size, trends and distribution of the species protected under
the nature directives. The corresponding Commission services also support the European Red
Lists of Threatened Species, developed independently by the IUCN, to provide an overview of
the conservation status of species.

Under the Regulation on Invasive Alien Species (European Commission, 2014), EU countries

have set up a surveillance system which collects and records data on the occurrence of
invasive alien species in the environment.

The Pollinators Initiative (European Commission, 2023a) had initiated the development and
testing of an EU-wide pollinator monitoring sampling scheme that includes bees, butterflies

and hoverflies while also increasing taxonomic capacity and expertise in countries.
The Water Framework Directive (European Commission, 2000) requires Member States to

monitor and report on the ecological and chemical status of water bodies, including a wide
range of biological quality elements.

The Marine Strategy Framework Directive (European Commission, 2008) requires Member
States to monitor and report on the environmental status of all marine EU waters, including
biodiversity criteria that cover all species groups and broad habitat types.

The Common Agricultural Policy (CAP) and the Common Fisheries Policy (CFP) also deploy
wide monitoring frameworks targeting selected species and habitats (boy Member Statesor by
centralised EU systems). For instance, farmland birds are reported as an indicator under the

monitoring and evaluation framework of the CAP and the population sizes of various marine
fish stocks are monitored under the CFP.

The National Emission Ceilings (NEC) Directive (European Commission, 2001) establishes the
emission reduction commitments for the Member States' anthropogenic atmospheric

emissions. Under the NEC directive, EU countries need to measure in situ the impact of air
pollution on terrestrial and freshwater ecosystems.
The Land Use Land Use Cover and Forestry (LULUCF) Regulation (European Commission,

2023b) aims to remove annually by 2030 310 million tonnes CO2 equivalent from the
atmosphere. Thisalso requires the monitoring of carbon stocks in managed forests, croplands,
grasslands and wetlands.

In addition, the European Commission is currently preparing a series of new policy initiatives that will
further extend the existing monitoring framework. The proposal for a Nature Restoration Law

(European Commission 2022a) but also the proposal for a Regulation on Ecosystem Accounting
(European Commission 2022b) will make the monitoring of specific biodiversity and ecosystem
indicators mandatory. Moreover, the European Commission is preparing legal proposals for the

monitoring and management of soils and for forest and ocean observations. If these proposals are

implemented, their competent authorities and their requirements should be integratedin the BMCC
objectives. In addition, the EU Green Deal initiatives and the requirements of the EU Taxonomy for
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Sustainable Activities (European Commission 2020b and subsequent delegated acts) have increased
exponentially the need of biodiversity data from the private sector.

At the global level under the Convention for Biological Diversity, the recent Kunming-Montreal Global
Biodiversity Framework, together with a further COP15 Decision, includes 23 action-oriented targets
to be measured and tracked through an effective and transparent framework for monitoring,
reporting and review of progress. These targetshave to be underpinned by science and have explicit
outcomes. A list of 27 headline indicators has been already adopted, but future ad hoc meetings will
have to agree on a longer list of indicators and to advise on the further operationalization. Partiesare
to align their national biodiversity strategies and action plans, including national targets, by COP16.
National targets should be specified in accordance with an agreed template. To support the Parties
implementing the framework, strengthening and standardising the knowledge base to support
implementation, it has been proposed to set up a Global Knowledge Support Service for Biodiversity.

4.4. BMCC Stakeholders

In broad terms, BMCC stakeholders consist of “users and organisations which either have an interest,
directly or indirectly, in the BMCC or have some influence on the BMCC and its services” (after DiSSCo
PREPARE WP7 2021). Specifically, there are three principles that have been identified by EuropaBON
and its stakeholders that influence BMCC stakeholders and the governance arrangements that will
bind them togetherin an organisational structure.

Firstly, there is a clear message that the BMCC should not and cannot replicate biodiversity
monitoring and data aggregation efforts alreadyin place. Thus, the BMCC should partner with and/or
incorporate existing international, national, regional and local schemes to achieve its mandate. This
means that existing national monitoring programmes (both required by policy and not), third-sector
large-scale schemes (e.g. PECBMS), citizen science data platforms and organisations, universities and
research institutions, existing data infrastructures, and private companies that hold data or can offer
services will have to be invited and included in the BMCC in some way.

Secondly, national participation and coordination are key for efficient EU monitoring. Government
agencies or facilities for biodiversity monitoring and data aggregationacting as national hubs will be
the main and core partners of the BMCC. MS participation and (participation in) coordination
enhances local knowledge, legitimacy, accountability, transparency, and buy-in —importantly though,
it does not secure them.

Thirdly, BMCC organisation and governance should be democratic, inclusive, accountable, and
transparent. It should also strive to represent all MS equally, and in case of differences in ca pacity,
funding or power, it should strive for equalisation and cohesion. Finally, differences in monitoring
cultures and approaches should be acknowledged, respected, and if changesare required, consensual
decision-making approaches should be preferred.

For the above to happen all key stakeholders must be identified at the EU, national and sub-national
scales. Thus, as a first step, every country should map and coordinate their monitoring and data
aggregation networkand identify or set up national biodiversity monitoring hubs, where not already
established.

The responsibilities and contributions, actions and derived benefits of different stakeholders groups
will vary (Table X and Annex Item X). Key stakeholders as mentioned above include MS government
environmental bodies, existing monitoring schemes and their networks, citizen science data
platforms, technical experts, policy makers, EU/ECagenciesand programmes, research and education
institutions, EU/international research and data infrastructures and private companies. Depending on
the governance structures adopted, there are different ways these stakeholders can be incorporated
in the BMCC.
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MS governments and government bodies are key data providers for national (raw) data; they provide
funding and support; act as representativesto the BMCC; they coordinate national monitoring efforts
and cooperation in international programmes; they use and build upon BMCC indicators; and help
develop data standards (Table X). In return, they receive funding and support from the BMCCand the
EU (maybe taking as example the funding model of Biodiversa+ where partners valorise their in-kind
contributions to monitoring and they receive back a 30 % top-up); specific policy and coordination
data; strategicinput and help in local policy development; compliance with EU directive and laws; and
an easier more efficient reporting system.

The main benefit that European agencies and the EC would enjoy is evidence, and importantly
quantitative data-based, decision making abilities regarding biodiversity indicators and targets,
assessing policy effectiveness, for the establishment of new and update of existing policies, and gather
standardised and comparable data across the EU for monitoring biodiversity. Moreover, it does all
that not by building a monitoring infrastructure from scratch, ala Copernicus, but by investing,
coordinating, and enhancing the monitoring infrastructures that are currentlyin place.

In particular, the European Environment Agency (EEA), playing its role as collector and distributor of
environmental information, developed the network and knowledge to coordinate and host complex
data flows, involving a wide range of thematic areas and actors, as required for setting up a BMCC.
Annex X deepens into the role that EEA plays in the biodiversity monitoring landscape.

NGOs and other not-for-profit institutions will also be key stakeholders of the BMCC. Aside from their
roles in the coordination of monitoring schemes, data provision, data processing and analysis, they
will also have to play the crucial role of public engagement. Particularly important are the training
activities NGOs will have to take on. As envisioned in this report, NGOs will see their funding increase
if they are to take on additional roles and responsibilities. Apart from funding, NGOs and other not-
for-profit organisations will benefit from having their role acknowledged in raising awareness about
biodiversity and enhancing evidence-based decision making. The BMCC will also provide training for
NGOQ's to help them improve their capacities for e.g. data management and analysis.

Research and education institutions (universities, research institutions and infrastructures, natural
history museums, etc.) are also key stakeholders with distinctive roles and some salient benefits.
Research and education institutions fulfil their roles by aligning research, knowledge provision and
education practices with activities of the BMCC. BMCC can highlight the needs for taxonomic expertise
and monitoring methods. Furthermore, considering that these institutions typically collect and analyse
data, they will also act as data providers and technical advisors to/analysts for the BMCC. Research
and education institutions will benefit from leadership positions for their academics which translate
to increased profile and collaboration opportunities, increased funding and more and closer
engagement with society and/or policy.

Businesses do have a role in the current EU monitoring infrastructure, but their role is fuzzy and the
data they produce are usually not shared. The BMCC aims to change that, by giving and mandating
businesses the role of data providers. The BMCC will also collaborate with businesses in terms of
building partnerships for R & D. The business sector canassist the BMCC by providing targeted funding
or services and tools and can be assisted by making use of BMCC data and in fulfilling compliance
mandates.

*

This project receives funding from the European Union’s Horizon ’
* :« 2020 research andinnovation programme under grant agreement 'E U RO PA B © N

No 101003553.


http://www.europabon.org/

1133
1134

europabon.org

41 | Page

D2.3 - A Biodiversity Monitoring Coordination Centre in Europe

Table 8. BMCC stakeholder categories, description, potential stakeholders key responsibilities and ben efits (more information per stakeholder group can be found in
Annex X)

STAKEHOLDER DESCRIPTION

CATEGORIES
EU institutions,
agencies,
facilities and
networks

Member State
Gowvernments

Non-
Governmental
Organizations
(NGO)

EU institutions
and agencies

EU/
international
research and
data
infrastructures
MS governments
and bodies
(environmental
ministries and
other sectors)

MS Technical
experts

Existing non-
governmental
monitoring
schemes

Non-
governmental
policy makers

POTENTIAL
STAKEHOLDERS

DG ENV, DG JRC, DG
AGRI, DG MARE, DG
CLIMA, ESTAT

EEA + ETC-BD, EIONET,
ESA

Commission expert groups
and platforms

EU Open Science Cloud
EU research infrastructures
(e.g. eLTER)

GBIF, UNEP-WCMC,
EuropaBON

Consenvation & monitoring
authorities
Representatives from
national hubs
Nationally-funded
monitoring schemes

Sampling statisticians
Technical experts &
specialists

Networks of representatives
from existing schemes
NGOs and NGO networks
working on biodiversity
monitoring at local, regional
or national scale

Local and regional
stakeholders (e.g. farmer
communities; value chain
partners; protected areas;
fishers’ associations)

KEY RESPONSIBILITIES

- Provide funding and support; act as “home”
- Provide policy framewaork for monitoring,

mandate, overarching vision
- Bundle and disseminate information and

data

- Coordination, standardisation and

harmonisation of data and methods

- Methaodological support
- Analysis and IT development, including
remotely
- Data provision & collection (monitoring)

- Provide material support to existing and
enhanced monitoring networks

- Act as representatives in BMCC gowvernance

structure
Use data and

environmental policy and practice
- Provide raw data from national and sub-

indicators to

national monitoring schemes
- Methodological support (sampling design,
analysis)
- Local and specialised knowledge provision

- Coordinate existing and future monitoring

schemes

inform

- Share knowledge and capacity building
- Provide data
- Organise publicity, citizens & wolunteers
- Process and analyse data
- Data provision

- Local validation of data and indicators

Use data and

indicators to

management practice

inform

KEY BENEFITS
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- Research
- Knowledge provision
- Education
- Data use & analysis

- Citizen engagement and literacy
- Data provision
- Code of Practice and Ethics review

- Provide funding and support
- Participate and collaborate
- Provide & promote open data
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4.5. Governance structure and functions
4.5.1. Overcoming the challenges of centralised and decentralised governance

The most appropriate approach to biodiversity monitoring will depend on the specific goals and
context of the monitoring effort. Decentralised monitoring can provide a more comprehensive and
representative view of biodiversity, but may be more difficult to ensure the quality and consistency of
the data. Centralised monitoring can provide a more consistent and standardized approach, but may
be more expensive and less representative of the broader ecosystem. Hybrid monitoring can provide
a balance of both benefits and limitations, but may be more complex to implement and coordinate.

For the purposes of the BMCC, as envisioned by the stakeholders and the EuropaBON-Biodiversa+
partnership, there are some identified challenges and risks in the design of decentralised and
centralised systems that we should overcome. The analysis below justifies the selection of governance
structures in the BMCC terms of reference (Section X) and the (widely agreed) preference for some
kind of hybrid system.

Table 4. Main challenges (risks) linked to decentralised and centralised governance models and proposed
actions for mitigating them.

Challenges (major Mitigation actions (preferred options)

risks of failure _
National bodies e Interconnected structure at differentlevels, with the EU level providing
working with a coordination
coordination body e Supportat Europeanlevel butimplementation decisions nationally
e Federalise - central structures at EU level and decentralise knowledge and
data holders
e A centralized but nimble coordination bodyis a must

Common, flexible e Set common standards to be fulfilled for sampling but freedom to nationally
and easy reporting adapt

to coordlnatl ng e Create standards on how to reportthe national results to a central body
body(-ies) e Avoid duplications & simplifythe processes

Enough funding e Have adequatefinancial assets

e Utilise blueand green investment fund
o Clear funding mechanisms forthe levels where the information is collected
® Monetary benefits
e Specific funding callsatthe EUscale
Clear vision and e Ask for a strong politicalmandate
mandate e Validshortandlongtermvision
e Binding policiesatthe EUlevel
e Strong supportfromECand MS
Transparency and e Review BMCC governance structure and performance regularly; reviseas
accountability needed
e Ensure oversight of BMCC by MS
® MS representatives interact regularly to ensure transparency &
representation
® Engage stakeholders earlyto agree on "best" setup.
e Transparent system of data, el ections, budgets, decision-making
e Same funding system for allcountries.
e Make methods community driven

Non-political e Data driven approach to decision-making with stronginternational expertise

decision making e Ensuredataareavailableandallowing everybody to carryoutor repeat
analysis

Strong capacity e Fund researchers to move between countries fortraining & promote

building mandate exchange between NGOs

e Createa platformforexchange, especially acrosssurveys for mutual learning
® Provide adequate training to do the monitoring

This project receives funding from the European Union’s Horizon
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Legitimacy and ® Respect EU’s founding principles to enhance cohesion but res pect diversity
inclusion among countries
e Stakeholder engagement & communication
e Transcend political divisions between MS
e Set the level of engagement on legal and ethical terms from all the countries
e Havediverse contact points fromeachMS who shouldbe heard and not
ignored
® Good communication, different teams representing different working groups
e The centreshouldwork with local experts to ensure local s pecificities are
takenintoaccount.
e A strong boardwith country, citizen science, research & user representatives
ensures accountability & stakeholder buy-in

Internatiqnal e Supportideas and notbe biased from the countries that bring theideas
cooperation and e Gradually moving towards more harmonization by gaining acceptance step-
solidarity by-step

e Support co-developmentand solidarity /support
e I[mprove solidarities among member states
Review monitoring e Detailed review of allmonitoring programsinEU
in Europe e Provide advice and funding on how to improve
e |[dentify monitoring gaps & funds to fill them.

4.5.2. How would an ideal governance structure for the BMCC would look?

The BMCC should be a strong international organization with adequate funding to direct, coordinate,
integrate, (maybe monitor) and assess biodiversity observations, data and products across the EU. It
should be able to provide and coordinate capacity building for non-government actors, Member States
and other stakeholders in need of it. It should have a centralrole in linking policy requirements (1) to
monitoring schemes and data collection and (2) to indicators/EBVs or other assessments. Other EU
and international organizations and other sectors producing, handling or needing biodiversity
information would be incentivized to coordinate their needs and efforts with the BMCC.

As noted above, the level of ambition of the BMCC will determine its scope. In turn, the width and
depth of its scope certainly influence how BMCC stakeholders would be best arranged in a concrete
governance architecture. Considering that at a minimum, the BMCC should work on tasks relatedto
data handling and integration, support to multiple actors, analysis, and reporting, and based on
stakeholder consultations, we arrived at the following basic principles.

Every Member State should have a centre responsible for national coordination (e.g. data sharing,
data formatting, coordinating national observation networks) and for co-designing monitoring
schemes with other Member States and data holders, collating raw observations in common
international standards. This national centre would coordinate its monitoring efforts with the BMCC
and establish a close collaboration with GBIF national nodes. National authoritiesare presently under
a lot of pressure to serve various data users such as EU directives, municipalities, environmental
impact assessments, private companies, land use sector, civil society, etc. This createsa real need to
improve national scale coordination and empower national biodiversity monitoring centres. It is
crucial to see synergies with the national developments and align them with EU level development.

Transboundary, regional or biome monitoring efforts would have clear common governance
architectures and would be required to coordinate with the BMCC. Representatives and designated
experts from national authorities would participate on various BMCC boards and committees and
provide leadership and input for aspects of BMCC's mandate and day-to-day decisions. Citizen and
local participation at the national and sub-national would be promoted and enhanced, to ensure
engagement, relevance, legitimacy, and justice of the overall structure.
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An EU or international agency would host the BMCC, provide leadership, and employ a Secretariat. It
would mobilise technical groups with expertise on certain taxa, biodiversity topics or monitoring
techniques. Special attention will be devoted to integrating (and avoiding duplication with) existing
policy implementation structures (e.g. European Commission expert groups, national authorities,
EIONET, technical groups from multilateral agreements). The overarching goal for the BMCCis to bring
these actors together and ensure coordination, harmonisation and access todata and information.

4.5.3. Governance options

In considering how these stakeholders can be efficiently coordinated in an operational BMCC, several
governance arrangementswere considered —and all come with their own benefits and disadvantages.
Overtly centralised or decentralised arrangements were excluded from consideration as they do not
fulfil the BMCC needs identified by the consortium (e.g. inclusion and integration of all knowledge,
strong policy mandate). Three scenarios have been proposed, which have various degrees of hybridity
between centralised and decentralised governance built into them. The arrangement of the
stakeholders in all scenarios roughly follows stakeholders’ responsibilities as presented above. An
EU/EC agency would host the BMCC, provide leadership, and employ a — small or large — secretariat.
It would mobilise working groups with expertise on certain taxa, biodiversity topics or monitoring
techniques. Member States are represented by national agencies or national nodes in the general
assembly of the BMCC and play an active role in decision making. NGOs and other knowledge holders
would be members of stakeholder and scientific committees, while some of them could provide
services (e.g. particular Earth Observation techniques or capacity building) as Centres of Excellence or.
The same holds for international organisations, such as Research Infrastructures (e.g. LifeWatch),
while larger international entities such as the GBIF or the JRC could be included as central Service
Nodes. An important part of the whole structure would a Code of Practice and Ethics Committee, in
charge of promoting FAIR principles and resolving issues —among other things (see Box. 2 below).

The governance structures outlined below follow this idealized model with small differences among
them. Thereis no single governance arrangement that can cover all large-scale monitoring approaches
and secure monitoring effectiveness. As indicated in Section 3.1.1, centralised, decentralised and
hybrid governance approaches come with their own challenges and risks. Table 4 highlighted the
vision and preferences expressed by the stakeholders and the EuropaBON-Biodiversa+ partnership.
On that basis, and given the variety of stakeholders shown in Section 4.4, we considered centralised,
distributed and hybrid variations of governance architectures. We present here the governance
architecture most favoured by the consortium and stakeholders, which in the relevant literature
usually goes by the term “hub and spokes”. See Annex 5 for the Centralised and Distributed scenarios
which were considered less suitable by the consortium.

Preferred option: the hybrid “Hub and Spokes” model

The (H)BMCC is an attempt to take advantage of the benefits of both the centralised and decentralised
, see Annex 5] approaches. An EU/EC body provides a “home” (the “hub” of the “hub and spokes”
model of governance. The model is supported by strong EU presence, mandate & funding, with direct
membership status for Member States’ Nodes, and indirect membership statues for diverse
organisations from the NGO, citizen science, business, research and education worlds. Member State
Nodes are formed in each Member State, and their role is to coordinate national biodiversity
monitoring in each member state (Greek Node, Italian Node, etc.). Member State Nodes can be
themselves organised in partnerships, although a single organisation may represent the node in the
General Assembly (see below), preferably the relevant national Ministry or Agency.

In this structure, the BMCC would be involved in: building, harmonising and providing data and
infrastructures; analysing data and reporting information and indicators; coordinating sampling across
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Europe; developing and maintaining Ethicsand & Code of Practice guides; engaging with stakeholders;
providing supporting services to Member States.

These are the main bodies that comprise a (H)BMCC:

Governance board (or General Assembly): the general assembly is the decision making organ of the
(H)BMCC. It is comprised of representatives of the participating Member State Nodes, and meets
regularly. It is the main decision-making body of the (H)BMCC, and since its membership is based on
representatives of MS nodes, it is diverse although predominantly comprised of national agency
representatives. Members have equal voting rights and decide on and provide strategic orientation.
Specifically:

e Implement actions intending to fulfil obligations that are required by existing and future laws
and regulations
e Advise the EU

Executive board: the executive board is comprised of 10 - 15 members elected by the participating
Member State and Service Nodes and the Chair, who is the Head of the EU structure the (H)BCC would
have a home in. Its role is to:

e Strategiclevel discussions and agenda setting

e Guide the development, production and dissemination of EU biodiversity indicators and
trends

® Promote cooperation between MS national authorities especially in the theme of common

standards and mutual interests

Identify potential monitoring topics and themes as they related to policy

Steer the development of new monitoring programmes

In change of stakeholder dialogue and internal discussion

Strengthens the strategic capacities of the ESS through internal discussions, stakeholder

dialogues, etc.

Working Groups: The (H)BMCC is supported by several Working Groups in areas underpinning its
objectives. Working Group members are not employees of the (H)BMCC, but come from relevant and
competent national and internationalinstitutions (EIONET, EEA, JRC, GBIF, etc.), scientific expertsand
large-scale monitoring schemes (e.g. Atlases, PECBMS, etc.). Most working groups are small and
include:

e Species and habitat monitoring group

e Data management, exchange and curation group; the largest Working Group, in charge of
collating, curating, and harmonising MS provided (not raw) data.

e (Capacitybuilding and knowledge exchange group; another core group, in charge of organising
workshops, disseminating best practice guides (as developed by the Scientific Advisory Board)

e Modelling group

e Reportingindicators group

Scientific Advisory Board: the scientific advisory of the (C)BMCC. It is comprised of leading researchers
and heads of scientific large-scale monitoring programmes (e.g. PECBMS) and infrastructures (e.g.
eLTER; LifeWatch). It:

e Advises on all manners required by the General Assembly and the Executive Board

® Assesses knowledge and data gaps

e Designs curricula on biodiversity monitoring in Europe focusing on taxonomy, data collection,
curation and standards, and data analysis

e Oversees the scientific capacity and excellence of the working groups

*
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Ethics and Data Access Committee: comprised of members of the extended partnership (full members
and associated members), it is a self-regulated committee chaired by EU citizen organisations
nominated by Member States every 3 years. Its tasks include:

e Ensure FAIR data and indicators
® Develop, promote and update a common biodiversity monitoring code of conduct across MS
e Reviewing and granting data requests (in case of sensitive data)

Interms of investment from the EU the hybrid represented is significantly larger that the decentralised
model (which is close to 0 in direct funding) although much smaller than the centralised approach.
There s core funding associated with ensuring LTS the (H)BMCC (secretariat, working groups, capacity
building activities, new policy-mandated monitoring schemes), but MS contribute significantly to
maintaining EU biodiversity monitoring at the national scale. With core secretariat of ca. 10 employees
and a team of ca. 20 technical and scientific employees plus a light management team, the staff
numbers are also much smaller than what a centralised approach would look like.

The ‘home’ institute or centralauthorityin this instance would have a ‘subsidiary function’ (Tanhua et
al. 2014). It would be a nimble body, performing tasks that cannot be performed locally. However,
since the central organisation would be nimble, it would be able to outsource actions, activities, and
tasks to organisations that are able to perform them, including universities, the private sector, NGOs,
etc. These organisations would sign Service Agreements, each case-tailored, to be able to provide their
services tothe BMCC.

BMCC as distributed infrastructure

EU institutions
and agencies

GOVERNANCE BOARD

'WG: Ethics & . Umbrella
Code of \:G:Analysls _____ -
Practice reporting

EIONET

EXEC. BOARD &

G SECRETARIAT WG: Sampling

Stakeholder coordination

engagement International

infrastructures

WG:Data &

WG: Support
5 GBIR infrastructure

services

Regional Sea
Conventions

Figure 2. DRAFT TO BE AGREED AND ALIGNED WITH BIODIVERSA+. A high-level representation of the proposed
BMCC structure.
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Political level EU/EC “Home” body
+ 1 1 1
: Hybrid
Strategic advice Stakeholder committee Technical groups u _V_
Home" in EU body
Not led by EU/EC
Core members are
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(representatives of National “Service Nodes”
Strategic level and Service Provider Nodes)

Executive Board
(elected by the General
Assembly); Chair: EU
home head

Secretariat

Management level (employees) \

Centre of Excellence

Working groups 1 PECBMS Code of Practice and
Technical level [empl;::ceé}ofthe Centre of Excellence Ethics committee

2: MNHN

Figure 4. Schematic representation of a hybrid governance model.

4.6. Cost and long-term sustainability considerations

Costs of data collection

Coordination costs

In all environmental monitoring initiatives, the costs of coordination, harmonisation and reporting
activities (or the maintenance of knowledge products) are minimal when compared with the efforts
for primary data collection. Still, they tend to be overlooked. The full exploitation of biodiversity data
must include in the planning stage costs of organization, data processing, management and archiving,
curation, analysis, governance or communication. Important considerations are (1) start-up costs
(until the achieving of an operational status) are considerably higher than annual maintenance costs,
and (2) the benefits of a harmonised system of data collection and analysis lag years behind the costs.

For example, the estimated annual cost of maintaining three global knowledge products/platforms
(the TUCN Red List of Threatened Species, Protected Planet, and the World Database of Key
Biodiversity Areas) is USS$6.5 million. However, reaching pre-defined baselines of data coverage would
cost an additional US$114 million and, once achieved, annual maintenance costs will be approximately
USS$12 million (Juffe-Bignoli et al. 2016).

Valuing the benefits of coordination or the BMCC in monetary terms would be a complex and
uncertain task. It can be somehow illustrated with the evaluation of four pollinator monitoring
schemes in the UK, where the value of pollination services to farmers wasover 100 times the costs of
the most expensive monitoring, and the value as research infrastructure was more than double
(Breeze et al. 2021). Also, data collection, analysis and communication can foster engagement and
change attitudes towardsa more nature-positive society.

Cost considerations from large-scale monitoring and observation initiatives
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Here we will present some findings from our review of large-scale biodiversity-related monitoring and
observation initiatives (Table X) and particularly as they relate to LTSand cost considerations.

Table 10. References and names of large-scale biodiversity-related monitoring and observation initiatives we
reviewed.

‘ REFERENCE INFRASTRUCTURE

Watson & Nowelly 2004 = Western Australian Rangeland Monitoring System

Wright et al. 2020 New Zealand Biodiversity Monitoring and Reporting System

Garcia-Alaniz et al. 2017 Mexican National Biodiversity & Ecosystem Degradation Monitoring
System

Tanhua et al. 2019 Global Ocean Obsening System

VofiSek et al. 2008 PECBMS

Klein et al. 2019 Ocean Biodiversity Information System

Portillo-Quintero et al. = Tropical forest monitoring
2021

Ryan & Swanson 2014 | Long-term Forest Senvice Experimental Forests and Ranges

Firstly, several studies highlight that LTS for a monitoring infrastructure is more than long-term, stable
funding. Aside from stable funding (Tanhua et al. 2019), long term institutional survival means that
BMCC would meet both its own and the objectives of other organisations (Watson & Novelly 2004;
Wright et al. 2020), not necessarily with the same objectives (e.g. DG MARE; Eurostat; private sector).
Furthermore, while several studies highlight the importance of influential champions and leaders
(Watson & Novelly 2004; VoriSek et al. 2008; Wright et al. 2020), especially in the beginning, they also
note that “reliance on individual initiative” must be superseded by organised solution in the pre-
operational and operational phases. They also note that the early phases of the initiative are very
crucial, before real monitoring time-series data are available, as that is when stakeholders place
“expectation value” on the programme. Maintaining support means that reporting should start as
soon as the first data are available.

Regarding costs, there are three salient lessons that the literature highlights. Firstly, that by the nature
of large-scale, long-term monitoring, the benefits lag behind the costs for years. Secondly, start-up
costs are higher than annual costs, i.e. the costs of achieving operational status are greater than
operational costs. Thirdly, there are “hidden costs” of biodiversity monitoring, costs that are often not
included in planning stage such as organization, fieldwork, data processing, management and
archiving, curation, analysis, communication and publicity (Vorisek et al. 2008). Watson & Novelly
(2004) for example, urge that circa 25-30% of the budget should be spent on data management,
assessment and reporting.

These are experience-based recommendations that should be taken into account in the future
iterations of this document.

Substantial extra funding will be necessary to cover many of the proposed tasks of the BMCC, and to
better coordinate the rather scattered and poor biodiversity monitoring across the EU. Potential
sources of finance are:

® European Research Infrastructuresor similar set-up (normally long-term sustainability by R&I
funds)

e Delegationagreementssimilar to Copernicus service funding

o New budget line/activity by the EU (including the new commitments under the Green Deal),
including statistical (rather than research) programmes

e® Direct &indirect funding from EC programmes
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e Member States’ budget
e Partly financed by fees from the private sector, e.g. via funding from biodiversity offset
schemes, or auditing system similar to the one in USA for environmental impact assessment

4.7. TO BE DEVELOPED: BMCC step-wise implementation phases

A series of phases will lead to the operational functioning of BMCC, with a series of important
transitions.

There are three phases that the BMCC will have to go through before it is operational (Fig. 2). Each
phase will have its own mandate and actions (Table 13): scoping phase (2023-2024) with immediate
tasks; construction phase (2025-2026), which involves tasks that pertainto the actual construction of
the BMCC as an operational infrastructure and operational phase (2027-2028), with tasks that allow
for the finalisation of the set-up. As noted in the methodology section, different mandates imply and
require different governance architectures for the BMCC. The phase would benefit from a lighter,
centralised approach; the construction phase would need an interim type of organisation; while the
pre-operational phase would be organised on the principles of the operational phase governance.

Immediate Intermediate targets Finalising setup
action : .
(preparation) (construction) (pre-operational phase)

Centralised Interim governance Operational phase
governance and management governance

Figure 7. Indicative phases for the development of an operational BMCC.
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1374 Table 11. Actions under different phases. Same cell colour indicates similar activities across implementation phases.

IMMEDIATE PHASE (2023-2024) INTERMEDIATE PHASE (2025-2027) PRE-OPERATIONAL PHASE (2028-2030)

Decide on BMCC organisation, structure, etc. Start reporting activities

Decide on structure, functions & mandate Monitor EU biodiversity targets

Identify howthis will be rolled out in each country Provide reference data for EU directives
Establish steering committee Establish a standardised report of indicators

Gap analysis (data, schemes, etc.) & fixes Gap analysis (data, schemes, etc.) & fixes Outreach and dissemination activities

Identify data gaps and search for data to fill these = Analysis what runs well and where are still gaps Provide easy access platforms for data sharing and
Mark et analysis to avoid mandate redundancies  Keep improving field observation (sampling) dissemination

Inventory of existing surveys & data Coordinate the definition of missing protocols “Advertise”the BMCC

Stakeholder mapping & partnership building Pilot / demo activities Pilot elements of BMCC

Sign MoUs (data collectors, societies, NGOs, etc) Demonstrate what a BMCC could do Pilot standardised surveys

Identify & establish ties with all relevant actors User-focused testing (e.g. online data sharing) Assess applicability of monitoring data for practice

Ensure FAIR principles
Ensure all indicators are FAIR

Funding and funding sustainability Funding allocation and LTS Ensure LTS and funding
Secure EU funding for a BMCC pilot facility Allocate funding resources Ensure permanency (& long-term funding)

Ensure reliable funding on long term Define business model to ensure LTS MS and BMCC financially supported
Capacity building Documentation; manuals; capacity
Building capacity to provide analysis Document and publicise best practices

Train actors

Web visibility Stakeholder engagement and participation
Prepare web platform, with public & private areas = Outreach activities for stakeholder engagement

Decide on list of indicators and EBVs

1375
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5. Concludingremarks
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1. Legal structures of the full ERIC landscape

Highlighted in green are ERICs that are related to biodiversity and/or Earth Sciences. See DiSSCO

(XXXX) for more details.

EU SolarResearch Infrastructure for Concentrated

EU-SOLARIS Solar Power Distributed ERIC
International Fusion Materials Irradiation Facility -

IFMIF-DONES DEMO Oriented NEutron Source Single-sited -
Multi-purpose hYbrid Research Reactor for High- International

MYRRHA tech Applications Single-sited organisation

WindScanner EU WindScanner Facility Distributed ERIC
Aerosols, Clouds and Trace gases Research

ACTRIS Infrastructure Distributed ERIC
International Centre for Advanced Studies on

DANUBIUS-RI River-Sea Systems Distributed -

DiSSCo Distributed System of Scientific Collections Distributed ERIC
Integrated EU Long-Term Ecosystem, critical zone

elLTER and socioecological system Research Infrastructure  Distributed ERIC
Infrastructure for Analysis and Experimentationon

AnaEE Ecosystems Distributed ERIC
EU Infrastructure for Multi-scale Plant Phenomics

EMPHASIS and Simulation Distributed -
Industrial Biotechnology Innovation and Synthetic

EU-IBISBA BiologyAccelerator Distributed -

ISBE Infrastructure for System Biology Europe Distributed -
Infrastructure for promoting Metrologyin Food

METROFOOD-RI and Nutrition Distributed ERIC

MIRRI Microbial Resource Research Infrastructure Distributed -

EST EU SolarTelescope Single-sited -

KM3NeT2.0 KM3 Neutrino Telescope 2.0 Distributed -

E-RIHS EU ResearchInfrastructure for Heritage Science Distributed -

EHRI EU Holocaust Research Infrastructure Distributed ERIC
EU Carbon Dioxide Capture and Storage Laboratory

ECCSELERIC Infrastructure Distributed ERIC

JHR Jules Horowitz Reactor Single-sited -

EISCAT

Next generationEU Incoherent Scatter radar Scientific

EISCAT_3D system Single-sited Association
EU Multidisciplinary Seafloor and water-column

EMSO Observatory Distributed ERIC

EPOS EU Plate Observing System Distributed ERIC
EU contributionto theinternational Argo

EURO-ARGO Programme Distributed ERIC

IAGOS In-service Aircraft for a Global Observing System Distributed AISBL

ICOSERIC Integrated Carbon Observation System Distributed ERIC
e-Infrastructure for Biodiversityand Ecosystem

LifeWatch Research Distributed ERIC
Biobankingand BioMolecular Resources Research

BBMRI Infrastructure Distributed ERIC
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EU Advanced Translational Research Infrastructure

EATRIS in Medicine Distributed ERIC
ECRIN EU Clinical Research Infrastructure Network Distributed ERIC
ELIXIR

A distributed infrastructure for lifescience Consortium

ELIXIR information Distributed Agreement

EMBRC EU Marine Biological Resource Centre Distributed ERIC
EU Researchinfrastructure on Highly Pathogenic

ERINHA Agents Distributed AISBL
EU Infrastructure of Open Screening Platforms for

EU-OPENSCREEN Chemical Biology Distributed ERIC
EU Researchinfrastructure for Imaging

Euro-Biolmaging Technologies in Biological and Biomedical Sciences  Distributed ERIC
EU ResearchlInfrastructurefor the generation,
phenotyping, archiving anddistribution of mouse

INFRAFRONTIER disease models Distributed GmbH

INSTRUCT Integrated Structural Biology Infrastructure Distributed ERIC

CTA Cherenkov Telescope Array Single-sited GmbH

ELI Extreme Light Infrastructure Distributed AISBL

ELT Extremely Large Telescope Single-sited ESO

EMFL EU Magnetic Field Laboratory Distributed AISBL
EU SynchrotronRadiation Facility Extremely

ESRF EBS Brilliant Source Single-sited ESRF

EU SpallationSource EU SpallationSource Single-sited ERIC

EU XFEL EU X-Ray Free-Electron Laser Facility Single-sited EU XFEL

FAIR Facilityfor Antiproton and lon Research Single-sited GmbH

HL-LHC High-Luminosity Large Hadron Collider Single-sited CERN

ILL Institut Max von Laue-Paul Langevin Single-sited ILL

SKA Square Kilometre Array Single-sited -
Systéme de Productiond’lons Radioactifs en Ligne

SPIRAL2 de 2egénération Single-sited GANIL

CESSDA Consortium of EU Social Science Data Archives Distributed ERIC
Common Language Resources and Technology

CLARIN Infrastructure Distributed ERIC
Digital ResearchInfrastructure forthe Arts and

DARIAH Humanities Distributed ERIC

ESS EU Social Survey Distributed ERIC

SHARE Survey of Health, Ageingand RetirementinEurope Distributed ERIC

PRACE Partnership for Advanced ComputinginEurope Distributed AISBL
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2. National case study: the situation in Greece

The Greek biodiversity monitoring ecosystem is a good example on the European and national
deficiencies of biodiversity monitoring as recognised by EuropaBON’s User and Policy Needs
Assessment (Moersberger et al. 2022) and Biodiversa+ survey. It can also highlight the importance of
institutional continuity, the risks of market-based competitive funding, and lack of human resources
and trained staff.

Firstly, large-scale operational monitoring undertaken in Greece mainly happens under the mandate
of EU environmental laws, i.e. Habitats and Birds (HBD), Water Framework and Marine Strategy
Framework Directives. Freshwater habitatsand species are monitored according to WFD. Exemptions
to that rule are charismatic fauna and birds, both of which are monitored by relevant NGOs, although
their data are not open (wolf and bears: Calisto; birds: Hellenic Ornithological Society; seals: MOM,
Archipelagos; sea turtles: Arhelon, Archipelagos; cetaceansand dolphins: Archipelagos).

MONITORING GOVERNANCE, RESOURCES AND DATA AGGREGATION AND RE-USE

During the previous monitoring period, post-collection data aggregation was not able to produce harmonised
and re-usabledata. The previous period’s HBD monitoring scheme was organisedas follows: each of the 36 PA
governance units was putincharge of monitoring Annex-isted habitats and s pecies that fall within Natura2000
sites (SClIs and SPAs). As some of the governance units did not have the technical capacity to implement
monitoring (mainly taxonomic, field, and technical knowledge and staff), they outsourced this work to private
companies, individual consultants, university staff, research institutes and NGOS to implement monitoring.
Others did have the capacity to monitor some species and/or habitats, so they implement it themselves (eg.
bird monitoringin Dadia National Park). This created a complex landscape with diverse expertise, monitoring
culture, experience, integrity, coordination skills, and data management systems. As a result, while all this data
was addedto a central database system by the relevant Ministry, they could not be meaningfully aggregated as
they do not share metadata standards, data standards, collection standards, database standards, etc.
Furthermore, datare-useis extremelydifficult. Acouple of quotes areindicative:

‘Therewas even a case of a consultancy company could not force a single data collection frameworkonits field
workers ... 1 asked forthe databasetoseeifl coulduseitto inform biodiversity managementherein our area.
The ministry [employee] replied: “l will happily provide the data, but good luckwith sorting themout’.

‘The data were notincluded in the monitoring reports. The data are not aggregated or harmonised somewhere’

Currently, the biodiversity managementand monitoring systemis being re-organised. Careis taken to produce
harmonised and re-usable data and efforts are being made to set-up and maintain a National Biodiversity
Information System anda National Biodiversity Database (Life EL-BIOSprogramme).

Secondly, the government agencies do not have the human resources to implement monitoring
themselves. In fact, the Greek ministry and agency responsible even outsource the operational
coordination of the Natura2000 monitoring since they do not have the human resources to do it
themselves. Ministry agencies mainly employ administrative and managerial staff; staff with scientific
and technical capacities are in lack. This is propagated across the public or quasi-public sector in
biodiversity management, including PA governance units.

Thirdly, the monitoring ecosystem is not only complex geographically, it is also diverse temporally.
Core governance arrangementsare constantly changing, organisational restructuring isthe norm, and
staff turnover is high. A case in point is the restructuring of PA governance units: until three yearsago,
they were independent public bodies with their own governance boards (including scientists, local
communities, public sector representatives, etc.); currently, PA governance units are absorbed by the
new agency for biodiversity and climate change (NECCA).

Due to the above, there are several issues with the monitoring system in Greece:
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Spatial gaps: Areasthat are not part of the Natura2000 network are not uniformly monitored,
unless they harbour charismatic or flagship fauna andflora (wolves; sea turtles, etc.) —creating
spatial data gaps not just for particular species, but in relationto monitoring per se.
Temporal inconsistencies: Changing governance and organisational structures for monitoring
promote historical inconsistencies in data collection methods, data and metadata standards,
and monitoring schemes in general. Therefore, it is very difficult to create time-series — again
aside from charismatic flora or fauna such as carnivores.

Taxon gaps: There are also gaps in species coverage, as effort is mainly spent on monitoring
Annex-listed species (insects, amphibians, reptiles, mammals, and others). As a ministry
employee highlighted: ‘there are so many species we have no data on. That’s what you should
highlight. Unknown conservation status.’

Lack of institutional learning: since the monitoring ecosystem is in flux, with constantly
changing actors and methods, there is little opportunity for institutional learning and
continuity.

The above point to the need for a well-staffed, long-term funded national organisation that would
have the capacityto:

*

*

oy

Coordinate all the different monitoring schemes across the three domains: terrestrial,
freshwater, marine.

Fund new monitoring schemes based on temporal, spatial, species and ecosystems gap
analysis.

Aggregate national monitoring data in accordance with common (EU) data standards.
Report biodiversity indices and publish reports and data

Represent Greece in higher-level organisations including GBIF or IPBES (in which Greece does
not currently participate).
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3. Lessons learned (literature review)

We extracted key sentences from each document and using topic analysis we arrangedthese lessons
into 18 categories: adaptability; capacity building & education; planning stage considerations; LTS;
mission/ mandate; human resources; monitoring scheme design; costs; citizen science; reporting;
legitimacy, accountability and justice; governance; institutional politics; overarching advice;
partnerships and participation; coordination; data design & principles; and visibility and
dissemination.

(1): Watson& Novelly (2004); (2): Wright et al. (2020); (3): Garcia-Alaniz et al. (2017); (4) Tanhua et al.
(2019): (5) Vorisek et al. (2008); (6) Klein et al. (2019); (7): Portillo-Quintero et al. (2021); (8): Ryan &
Swanson (2014).

Adaptability = Owver-reliance on an ewlutionary capacity to adapt systems in the future may be a

costly (time, money, effort) strategy ... The system has a limited ability to adapt and the
management issues must remain similar over time. (1)

As user needs ewlwe, it is important that there be periodic reviews of the value chain
to ensure that it continues to meet both scientific and societal needs. (4)

Capacity Since a monitoring system cannot fulfil the expectations of all stakeholders, it should
building & include an education component to ensure they undestand why it was implemented,
education and what it can do (limits). (1)

The effective use of the systemis only achieved by a carefully planned training
program that brings together different levels of users and different needs into a
common platform ... Close alignment with the OceanTeacher Global Academy provides
advantages in dewveloping and providing training courses in data management, data
analysis, or decision support. (6)

In addition, Network scientific activities would also be encouraged and enhanced if a
support staff were dedicated to facilitating and coordinating Network interactions
among EFR scientists. The LTER Network Office provides an example of the kinds of
support that network staff can provide. (8)

Planning The high cost of planning and initial implementation coupled with the lag in benefits
stage needs to be well understood by the stakeholders so that levels of expectation for the
consideratio system are realistic. (1)

n

The monitoring system will need to include funding, collection and database protocols
for ancillary data at the system design phase. (1)

Investment in a planning process for setting clear objectives - not assessing techniques
or defining indicators - is the single most important investment to make. (1)

During the preparatory/ early phases the costs exceed the benefits. This should pose
minimal threat to the system if stakeholders are prepared for this inevitability through a
clear communication strategy. (1)

Resources need to be committed to the design and specification of the system well in
advance of implementation. (1)

The pressure to ‘get sites in the ground’ should not be allowed to compromise the
design process. (1)

Investing in a planning process for setting clear objectives for the system is probably
the single most important investment that can be made. (1)

The odds of failure will be lessened if sufficient early resources are invested in
determining whether a monitoring system is actually required. (1)

The odds of failure will be lessened if sufficient early resources are invested in
determining whether a monitoring system is actually required. (1)

There is arisk that the designers, mostly scientists, will design a system that suits their
own professional interests. (1)
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The programme of work needs to be achievable - this is a significant but often
neglected issue for large-scale monitoring. (1)

Design groups should be less technical, as many of the debates are about broad goals
and issues (What is the ultimate aim? Which components of bd?) cannot be settled by
science alone. (2)

Longevity , continuity are key principles to design for (5)

Clarify your objectives and review your resources first. This is a key stage in planning
and any uncertainty at this point might limit the usefulness of the results and waste
valuable time and money. (5)

Long-term institutional commitment is more than long-term funding - it means a
system that meets both its own and the objectives of a number of other organisations
with often different interests. (1)

Reporting on the system should start before change data are available. It will help
maintain support for the programme, provide archival material and ensure corporate
memory. (1)

Stakeholders place "expectation value" on the programme and want outputs before
data are available. The outcome is frustration, with funders being given a message that
the system has no value. (1)

Ensure the system sunives irrespective of the people involved - if its sunival relies on
the charisma of individuals is almost certainly a system that is not meeting the needs of
stakeholders. (1)

Champions are needed initially. However, if a monitoring system is to sunvive, reliance
on individual initiative must be superseded by an organisational solution. (2)

To ensure longevity, the following are important: (a) professional biodiversity
monitoring staff; (b) regular presentation of results and findings through annual reports,
policy briefs and the media that demonstrate the value of monitoring; (c) freely
available monitoring data to support research, conservation activity, and feedback
through scientific publications/ peer review. (2)

In real terms core budgetary support for GOOS has declined, replaced by short term
grants and support from various institutions and regional programs. This has driven a
significant decentralization of GOOS efforts and weakens sustainability. (4)

The most likely breaks in continuity are due to the withdrawal of funding. If you or
others can persuade your government to sign up to agreements that require it to
produce regular reports on its bird populations, it will then come under pressure to
provide at least some funding. (5)

Thus, it is useful to find multiple sources of funding. If several ‘partners’ fund a
programme, it is difficult in public-relations terms for one of them to drop out.
Furthermore, if one does, then the work can still go on, even if at a reduced scale. (5)

If funding totally disappears, do not allow the scheme to stop. At the very least, people
must be found to organise the work in their spare time and some of the fieldwork must
be undertaken ... The key requirement is that there should be some continuity, so that
long-term data analyses remain possible ... It’s an ongoing process — plan to continue
monitoring work indefinitely and have contingencies in place to maintain the data
gathering even if funding is cut. (5)

Simply building information infrastructure, however, will not be enough: Achieving an
integrated research network will require funds to sustain activities such as ongoing
entry of site monitoring data into these data bases, for the continued operation,
maintenance, and upgrades of these information-sharing systems and for active use of
data they contain in cross-site synthetic analyses. (8)

High-level governmental pressure has to be exerted to make monitoring a priority. (2)

If the following factors are lacking, we would not advise initiating a systematic
monitoring scheme: (a) legislation mandating monitoring; (b) governmental oversight
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and audit agencies exerting pressure for evidence-based reporting; (c) biodiversity
agencies engaged in evidence-based policy and assessment; (d) inter-institutional
support for collective effort. (2)

The in-situ obsenving systems rely on a mixed funding model. Ocean obsening must
be mowved further up the political agenda to secure long-term funding mechanisms. (4)

It is better to have less ambitious but achievable objectives than to stick with over-
ambitious objectives that one fails to achiewe. (5)

Aim high (but not too high!). (5)

An effective systemis capable of providing not just data, but clear information and
knowledge on forest dynamics at a glimpse. (7)

A compelling research agenda could mobilize EFRs as a research network, and the
EFR system has a unique opportunity to set such as an agenda with its long-term
record of climate, streamflow, vegetation, and biogeochemistry obsenations from
seweral dozen experimental watershed sites across the Nation. (8)

Sufficient numbers of well-skilled, competent staff need to be available for the task,
complicated when specialist skills are required for a broad range of taxa. (1)

Monitoring's lagged realization of value is an issue at human levels too. Those working
the system before it has real data/value can become bored, lack excitement, or lack
drive. (1)

Monitoring has to be placed in the hands of those who see monitoring itself as a
mission and who derive professional and individual satisfaction from doing it well. (2)

Managers want to leave a mark on their organisation and are therefore loath to commit
too much time to pre-existing programmes when funding could otherwise be deployed
on new initiatives. (2)

Maintaining peoples’ enthusiasm for long-term projects depends, abowe all, on prompt
and continued feedback about the results and how they are being used. (5)

Scientists working at EFRs must play a central role in developing cross-site science,
but these network-wide social and scientific interactions are likely to grow only if the
tasks required are rewarding for EFR scientists. Recognition of scientists’
achievements in the EFR Network and funding for cross-site experimentation, synthetic
analysis, and publications will be critical to motivate and enable scientists to reach this
goal. (8)

Simpler, less precise monitoring techniques will need to be considered - a sacrificeto
achieve low obsenver error, given inevitable staff number, turnover and training
considerations. (1)

Trade-offs in sampling intensity and attributes sampled need to be well-understood
early, so that the system s not criticised because it doesn’t address a large enough
suite of management questions. (1)

The monitoring system will need to include funding, collection and database protocols
for ancillary data at the system design phase. (1)

Monitoring protocols are adhered to only when rigorously backed up with regular
training and review because participants are reluctant to abandon favoured techniques,
cut corners for cost or time reasons, experiment with new techniques or simply drift
from the guidelines. (2)

A reliable common scientific and highly intuitive conceptual framework is required to
help the communication between scientists and officials of the involved governmental
agencies. (3)

To define what methods, we considered cost effectiveness and the large variety of
ecosystems. One criterion to satisfy these conditions was to awid dependency on site-
specific experts. We opted for multi-taxon methodologies and favoured traceable data
sampling and person-independent sampling (to ensure replicability). (3)
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Clear methods; Keep it simple. (5)

A final important question is what ancillary information to gather (environmental,
topography, etc.) (5)

Pilot work is always to be recommended before you introduce a new monitoring
scheme. This could take two different forms; pilot years of a full scheme, and pilots to
test field methods. (5)

Planning is a time-consuming process but do not become so tied up with planning that
you suffer from ‘planning paralysis’ — never getting round to doing something because
you are thinking so much about the best approach. (5)

The methods should be regularly reviewed, to ensure that they remain appropriate and
that developments in thinking, technology or resources have not caused them to
become out-of-date. (5)

Changes in survey design or field methods should only be done with the greatest of
care, so that continuity of results is maintained despite a change in methods. The best
way to do this is to have a period of overlap, when a scheme based on the new
methods is run alongside a scheme based on the old methods. (5)

Design a surnvey that can be expanded in size or scope if more resources become
available. (5)

The geographic scale of monitoring platforms needs to match forest governance scales
for true effectiveness. (7)

Methodologies and forest classification schemes for national forest measurement,
reporting and verification for the REDDCopernicus framework are tailored to each
country’s specific needs and context. (7)

For large area countries, national scale monitoring might not be fit for effectiveness and
local-scale monitoring might prove to be more feasible. (7)

Local-scale monitoring also allows remote sensing scientists to have a better
knowledge of the local sources of spectral variation leading to lower modeling errors
(e.g. Mapbiomas project in Brasil organises personell into teams for mapping each
biome independently through ecosystem-adapted standardized methodologies). (7)

A characteristic of long-term monitoring is that the benefits typically lag behind the
costs for years or decades, also because startup costs tend to be higher than annual
costs. (1)

Approximately 25—-30% of the budget should be used for data management,
assessment and reporting. (1)

Perhaps the only general advice to be given is that when estimating the funding
required one should make sure that all costs are included — organization, fieldwork,
data processing, management and archiving, curation, analysis, communication and
publicity. (5)

Community restoration projects are popular but little monitoring is done; the few groups
that do monitor are unconvinced of the benefits of sharing their data. (2)

While citizen science initiatives such as iNaturalist can provide useful support, they
cannot substitute for this core professional expertise. (2)

When starting a new programme it may be tempting to offer payment in order to boost
the number of participants. What needs to be borne in mind, however, is that it will then
be difficult to stop paying in future, which makes the work particularly winerable to the
withdrawal of funding. Furthermore, it sets a precedent: people start to expect payment
for any similar work. (5)

Biodiversity status and trend reporting will inevitably give the impression of continuing
failure. It is difficult for any organisation to present data placing it in a poor light and
most awid doing so. (2)
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It is advisable to engage directly with some of these influential critics earlier in the
process to ensure that at the very least they grasped the intent of the whole monitoring
scheme. (2)

Respect the differences methodologic, cultural etc. (5)

Considerations in the matter of technological independence and autonomy are
necessary. Considerations of data and tool access should be made, for example if
access to data portals is dramatically change by political decision. (7)

The ability to migrate to all open-source image processing workflows using local
computing or open cloud-based senices should be considered in the case that
proprietary platforms are terminated. (7)

The OBIS secretariat at the IOC Project Office in Belgium allies closely with the
Flanders Marine Institute and other scientific institutions in leveraging core technical
capabilities such as central source data hosting, provided free of charge to OBIS
Nodes who do not have these capabilities in their host institutions. (6)

A risk of centralisation is loss of local knowledge/ skills; however much of this local
knowledge is ephemeral, it is rarely well documented and turnover of staff means loss
of this knowledge. (2)

Commencement of centralised, protocol-based monitoring and decreased local
autonomy became a focus of resentment. (2)

An inter-institutional structure is needed to support a large-scale monitoring system. (3)

The proliferation of consortia/organizations (the “acronym soup”) that now share the
broad ocean obsening mission makes the governance challenge even more complex.
4)

Practitioners are challenged to dewelop the direct or concerted relationships required to
dewelop the system’s feedback loops further addressing science and societal needs.

(4)
Improved governance must demonstrate how international engagement can bring

advantages, including cooperation, coordination and leveraging the best practices of
others. (4)

Thematic based collaborations allow for broad, and as appropriate, multi-disciplinary
engagement across geographic areas. (4)

The diversity, energy and activity in the global ocean obsening community can be
seen both as a strength and a weakness of the current ocean obsening system. The
global ocean obsening community is multi-faceted, loosely organized, and growing
maore so every year. (4)

The rapidly increasing requirements, the growing landscape of actors and activities in
ocean obsening, and the constrained resources, require that some form of improved
ocean obsening governance ewlve that can effectively and efficiently address the
growing needs of the many stakeholders. (4)

When dealing with polycentric governance a central authority should have a subsidiary
function, performing only those tasks which cannot be performed at a more local level.
This subsidiarity principle establishes a link of co-responsibility among different levels
of governance. The central idea is that local governance will be the most responsive to
local needs, increasing quality and effectiveness and managing risk at the appropriate
level..(4)

The OBIS infrastructure is fundamentally distributed: source data repositories (OBIS
Nodes) where core data management is conducted; OBIS Node data is harvested into
a central index ... The power of this approach is in its ability to mobilize and enable the
broader global community in building their own tools and capabilities on an open
framework. (6)

The organizational structure of OBIS and its placement within UNESCQ’s IOC provides
a mandate and institutional framework for continual capacity building as a core
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function. More effort/resources are put into developing the OBIS Nodes than building
the central infrastructure. (6)

The operationalization of monitoring systems might be more effective as a network of
smaller subnational monitoring systems, each tailored to their own forest governance
units (e.g., tropical forest reserves, provinces, ecoregions, etc.). (7)

Decentralized approaches are important for understanding forest dynamics at local and
regional scales and identifying effective solutions. (7)

Ultimately, engagement with local ecologists, managers, etc. will allow forest
monitoring systems to be actors and not marginal tools in the decision-making process.

()

It would be unrealistic to expect networks centered outside the Forest Senvice, even
integrated research networks, to contribute more than peripherally to the goal of
integrating EFRs into a functioning research network. Forest Senice R&D is the only
organization likely to have a strong enough stake in integrating EFRs into a functioning
research network to provide the sustained leadership and support that will be needed.

@)

Forming EFRs into an integrated research network requires more than just data
sharing. Probably the greatest challenge will be developing a viable community of EFR
scientists to foster sharing of ideas and cooperation in designing and carrying out
multiple long- and short-term cross-EFR research projects. (8)

If monitoring programmes are perceived as not delivering immediate benefits to staff,
overt or surreptitious attempts to thwart them will inevitably begin. (2)

A familiar institutional ploy to resist resource reallocation to monitoring is the argument
that existing monitoring expenditure is overestimated and not available for diversion.

)

Vital support came from upper-level managers who were championing the programme,
and the governmental oversight agencies who had been promoting systematic
assessment programmes in the government sector. Providing well documented plans,
analyses, research and preliminary results to bolster this support was essential. (2)

Faster delivery of relevant, local monitoring information would have made the whole
project more palatable. (2)

An ever-present risk is organisational restructuring and turnover which causes reduced
capacity through loss of funding, staff, institutional knowledge and data.

The most important practical considerations: (a) a high-level framework coordinate
lower-level effort; (b) research guiding selection of sites, ecosystems and organisms;
(c) development of monitoring expertise, training and development of strictly
implemented protocols; (d) a dedicated budget not subject to large yearly fluctuations.

)

National-level, long-term monitoring requires centralised coordination, logistical
expertise, trained monitoring staff, and a secure budget. (2)

We propose the following principles for an obsening system governance structure: (a)
Responsiveness: Governance must respond to the needs of stakeholders across
scales, and sectors (b) Purposeful: Governance must demonstrate purposefulness for,
and on behalf of, the community; (c) Clear objectives; (d) Transparency: Transparency
and openness must be a priority, to ensure broad and public access to and benefit
from the system. While some private (closed) networks may be warranted, in general
information should be public and governance arranged accordingly; (e) Efficiency and
Effectiveness; (f) Adaptive; (g) Sustainable; (h) Authoritative; (i) Performance and
accountability: monitoring and feedback to measures of success and performance. (4)

An “effective” monitoring system is used by managers and the public, is trusted among
all stakeholders, and drives socioecological land system management and decision-
making on the ground. (7)
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The system’s value lies both in the production of biodiversity information and in the
cooperation of government agencies by making the data available for participating
agencies/ citizens. (3)

Broader representation of developing and less-resourced countries is required.
Capacity development strategy must be sustained, and stronger partnerships, new
funding models, innovative technologies, and new training approaches will be required.

(4)

It is important to engage partners through the whole value chain, including private
sector partners, both as data providers, and as users of ocean information. (4)

Strong partners and respected personalities on your side (5)
Invite researchers to study the data (5)
Communication keeps the network alive (5)

Do not hesitate to contact countries that have experience of doing such work,
especially those that are culturally or ecologically similar to you own ... Things that
work well in one country may not work in another, so you need to think carefully about
such advice. (5)

It is essential to consult widely during the design phase: fieldworkers (does the method
work? do they like the method); other surveyors (technical and human issues);
statisticians (robustness, soundness) (5)

Coupling forest monitoring scales with forest governance scales will require the direct
engagement of remote sensing scientists with local forest management or conservation
agencies in its design and implementation from data ingestion to product
dissemination. (7)

This lack of awareness of, and/or coordination with, already existing obsening systems
in some areas has resulted in less positive outcomes, including duplication of
obsenving efforts, use of less-than-optimal obsening technology, and limitations in data
standards and data sharing. (4)

Enthusiastic coordinators (5)

National-level leadership has an important strategic role to play in forging a research
network. (8)

The databases need to be well-designed, yet they should be sufficiently userfriendly
that multiple people in multiple locations can extract useful information. (1)

Making the outputs available , open access BUT respect data ownership coauthorship
policy (5)

Data should be archived in a way that guarantees that they will be available indefinitely
into the future, which means multiple copies in multiple locations, and with the archives
being accompanied by the relevant ‘metadata’, describing exactly how they were
obtained (5)

The type of communication of the results you choose (science-based, goverment-
based, public facing) will influence how you manage the data and the kind of data you
gather. (5)

It is also important to make the submission of data as easy as possible. (5)

OBIS is deweloping a simple online data entry and editing tool that will allow individual
scientists to submit these incidental records without the need to worry about whether
they follow agreed standards or the need to organize data in the right formats which is
identified as the main challenge of data sharing. (6)

Local-scale monitoring frameworks will inevitably differ in remotely-sensed data
sources, target forest attributes, and temporal and spatial scale, but technologies for
data ingestion, processing, and dissemination could converge and lessons could be
learned between each system. (7)
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The experience developing ClimHydroDB showed that technology was not the limiting
factor in making data and metadata widely accessible. Rather, it was bringing groups
of scientists and information managers from across multiple sites to consensus on how
to design and implement an approach ... Support staff could facilitate this necessary

work but cannot be expected to provide the foresight and leadership to anticipate
national-scale issues. (8)
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1591 4. List of interviews

1592 Interviewees for the Greek case study.

John University researcher; private 14-Nov-22 Habitat's monitoting
consultant
Mary University researcher; private 15-Nov-22 | Bird monitoring
consultant; formerly NGO
employee
Kate Employee: Greek Natural 17-Nov-22; Monitoring in Greece
Environment & Climate Change 22-Nov-22
Agency
Aphroditi | University researcher; private 17-Nov-22 = WFD monitoring
consultant
Evangelia = University researcher 22-Nov-22 Pollination monitoring
Giorgos Protected area manager 23-Nov-22 = Monitoring by PA
management bodies
Pantelis University researcher; active NGO 24-Nov-22 Bird and forest
volunteer monitoring
Manos NGO employee 25-Nov-22 = Mammal monitoring
1593
1594

1595 Interviewees for the lessons learned content of the report.

Mario DG employee 19-Dec-22 Land use monitoring
‘ Helen NGO employee 20-Dec-22 Large-scale species ‘
monitoring
‘ Annie National history museum employee 5-Jan-2023 Large-scale ‘
infrastructures
1596
1597

1598
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5. List of tasks proposed as the technical mandate (roles & responsibilities) of
the BMCC

Code colour:

Category: Data collection, mobilization, integration andsharing

Key tasks highlighted by experts and stakeholders
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¢ Develop technologicaltools and databases to help data collection. (4 votes)
e Takean activerolein and fully support the devel opment of data mobilisationand
integration (e.g. data sharing standards, data repositories, | T-based tools. Create the
pipelines fordata collection and data repositories (5 votes)

e Agree on common language for metadata

¢ Work out data transfer formats

¢ Build database+portal

¢ ProvideIT capacities to its storage

¢ Data collection infrastructure

* Create DOIs fordatasets; have standardized data flows;

¢ Have a singular database - like GBIF for monitoring data. Similar to GBIF data will be
entered following a standardized protocol.

¢ Using one commondata system

¢ Support the devel opment of web-based portals for data integrationand mobilisation

Data 4:Data
accessand data
sharing policies

e Visibility, links to national data free access

o It will makeaccess to data possiblein FAIR mode

e Makethedata "freely" available

¢ Data areeasily accessible to usersinan harmonized wayworldwide

¢ Work out open data policy

¢ Ensurethatdatais available openly or under request

¢ Detailed and updated species lists that are accessible to the general public

* Promote open data: data should be FAIR

¢ Opendata (2 votes)

¢ Data availablein central place and translated in alllanguages

¢ Data Sharing policies: Data policies differ between countries. Canthe centre providea
protocol for Europe after taking intoaccount EU and national policy laws of the countries
to avoidforcingregulations of 1-2 countries to therest.

¢ Enablingdataaccess: BMCC will facilitate the streamlining of monitoring data flows to
enable Scientists and other stakeholders easy access to raw andaggregated i nformation
¢ All this datais Fully available. on GBIFandaggregated through the Centre's website -
DATA is consumable by Region /protocol..

¢ EnsuingFAIRness of the dataandstandard procedures.

¢ Provide standardized approaches for accessing EBV for species and habitats

Data 5:Fielddata
collectionand
monitoring
implementation

e Other possibility to buildup an owndata collection system with financial background.
(6 votes)

e Collectraw data together with metadata on sampling response design

¢ Implement new monitoring with adequate spatial andtemporal sampling resolutions

» Data collection: a) stratified survey on condition of all priority habitats (building on +
strengthening Habitats Directive reporting) b) stratified survey on existence + condition
of landscape elements infarmed landscapes (complementary to MS+IACS data etc.)

* Data collection: Geneticdiversity is monitored forall species, using i)proxy data and/or
ii)mol. DNA data. Using EBV indicators for geneticdiversity
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1604
1605
1606  Category: Analysis and reporting to support stakeholders

Key tasks highlighted by experts and stakeholders
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* Semi-automaticreport generation linkedto relevant background data (e.g. Species info
from GBIF), adaptable to target audiences on different | evels (s patially etc.)

* Manage portals with simple and always updated data for stakeholder and the general
public (2 votes)

¢ Supportthe devel opment of web-based portals for data integrationand mobilisation

¢ |[deallydashboards at EU level with taxa-level information - designed for userneeds

¢ Provide a website with interactive dashboards to explore status, trends on EBV at
different/relevant space/time resolutions

¢ Dashboard, Construction, Supported by scripts

¢ Provide real time biodiversity i nformation

e |ssuereports of project results / integrate project results (e.g. national or supranational
projects can send their results there to pool information)

¢ Link data analysis andreporting with policy processes and objectives

* Makethe data collected easilyunderstoodand usable by stakeholders (i.e. some end
productis needed forvalidation)

¢ The Raw data is transformed in downloadable DATA packages & just the form the EEA
wantto receive the data, EEAReporting, County, GBIF, BMCC + EEA

* Show online examples

Analysis 4:Gap
analysis, both on
monitored data
andon
knowledge
(prerequisite for
D2 & D5)

¢ Find the gaps in monitoring of key important groups

e Wherearedatagaps

¢ |[dentify gaps

¢ |[dentify gapsinneeded analysis, support gapfilling activities, keep track of reporting
obligations

¢ |[dentify gapsincoverage for each species and reporton thesein a waythatwill engage
new recordersin priority areas.

¢ |[dentify gapsinknowledge thatare priorities to be addressed by researchers suchas
PhD students. (3 votes)

» Perform review/meta-analysis of dataand make results available

e Cross check/review results submitted by MSs (2 votes)

® Gap analysis

¢ To |Identify missing data to be comparable with specific calls;

e Targetsetting;

¢ Continuous monitoring/reports existing gaps and bottlenecks

¢ Do status quoandgap analysis of whatis already inplace, for instance data standards,
etc.

Analysis5:
Develop and
standardize
analysis tools

e To standardize the kind of analysis methods and reports (2 votes)
 Researchtenders about methodologies, explaining trends etc.

¢ New methods for analysis

¢ EBVs/indicators for genetic diversity (best practices available)

¢ Continuously evaluate the mostimportant advice on methods and the current status
quo of biodiversity monitoring

e success stories highlighting good design/protocols/methods/variables/indicators

e to develop analyticaltools to analyse datasets

e develop soundscape analysis tools

e BMCC will explore data and approaches to extract relevantindicators
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¢ Provide framework for national analysis, so all countries canassess using the same
methods
e Highlight best practice

Analysis 6: FAIR
principles and
justice/transpare
ncy

¢ Ensuretransparencyinthe use of data withinits reportingi.e. openly available
methodologies and data attribution

¢ All the Code & scripts for analysis are open andarereused inthe wholeof EUand are
the Centrein theresource for DATA, SIRIPS & CODES USED for analysing and reporting
¢ Make data, analysis techniques and results openly availablein order to improve
transparency; Use communitysupported analysis andtechniques

¢ Data accessibility (2 votes)

¢ Exchange of codes and methods

o Statistical and mapping software with easier user interface and affordable pricing so
thateverybody can access and participate

¢ The data need to be open so thatanalysisis federated

* Promote ( stimulate/finance): use of commonstandard, open data, FAIR principles

¢ Overcomethechallenge to become exclusive and represent only the voices of strong
countries in thefield (in terms of capacity andtools). Do notignore the local or regional
needs (e.g. Med Sea vs North Sea)

o Facilitate the sharing of knowledge between high and low capacity regions/institutions
¢ Yearly reports on all the datasets can be made but with all the data and openandFAIR,
member states, institutes and other organizations can make their own meaningful
reports & analysis

¢ Freeshared data exchange

* Use open science approach: open data, openanalysis, open reports

1607
1608

1609  Category: Coordination and support services

Subject

Coordination2:
Collaborateand
engagewith
external
knowledge
holders

Key tasks highlighted by experts and stakeholders

¢ Collaborate withmuseums andbotanical gardens

¢ Get biodiversityinto university curricula

¢ Coordinationof a genetic monitoring scheme across Europe; early warning system for
identifying factors associated with genetic biodiversity levels; looking at genetic
extinction

» Organizing a network of universities and specialized study programmes. This would put
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the education on the shoulders of the universities, but wouldfacilitate the establishment
of curricula andexchange of students.

¢ Linking relevant stakeholders andfindingsynergies

» Keep track of regional, national, EU projects to support networking between them (3
votes)

¢ Agreements with existing monitoring agencies

¢ [tshouldintegrate existing monitoring programmes by actively involving themas
contractors and/or cooperating partners (3 votes)

¢ All biodiversity monitoringprojects andinitiatives are mapped

* Fine-tune: own European monitoring network with | ocal policy actors

e Connect ESFRI for long term biodiversity monitoring at all ecosystems

e Work together with ESFRI

¢ Collaborate with existing databases to identify needs and communicate these to data
providers and end users like funders, policy-makers.

Coordination 3:
International
coordination

¢ Foster coordination with extra European countries to be able to integrate information
from other regions as ecosystems —do not have politicalboundaries.

* Support of existing reporting frameworks (IPBES etc.)

e Support EU (and beyond) reporting processes with data, indicators +tailored analyses
(automaticor alsoad hoc)

* BMCCshould coordinate globally

Capacity building
1: Supportdata
exchange,
analysisand
standardization

* Promotionand capacity buildingin the use of data standards for data collection

* Regular workshops forstakeholders on best data use (2 votes)

¢ Provide workshops formember states and ensure each has representatives trained to
compile, submitandanalyse data from all networks following submission (3 votes)

¢ Organise Education/training for data upload/download, preparation, ...

e Capacity buildinginpublishing / integrating data (4 dots)

¢ Conduct workshops on how to use the data for different stakeholders

¢ Facilitate data sharing; promote data standards and common protocols

¢ Deliver capacity building on data standards + protocols + the aggregationinto EBVs
¢ Support with training for data collectionand collation

¢ Train peopleforanalysis (4 votes)

¢ Provide training sessions/workshops on various aspects of biodiversity data analysis
¢ Providetraining sessions/workshops regarding
comparability/harmonisation/standardisation down the line (2 votes)

* Organize workshops to explain and discuss the use of information products

¢ Implementtrainings in obligatorydata analysis and reporting for MSs

¢ Provide trimming sessions on theimportance of data sharing

Capacity building
2:anoverarching
role

¢ BMCCshould be a catalyserfor knowledge exchange andhave a strong program of
capacity buildingbacked up by eachsingle countries resources (2 votes)

¢ Knowledge exchangeis crucial, e.g. the Centre could help build capacities by collecting,
synthesizing and distributing best practice from member states, e.g. regarding
implementation of birds or habitat directives (3 votes)

¢ Capacity building: this is the key activity that the BMCC should be leading

¢ Capacity building: training->all aspects of monitoring circle ->on site, online, tutorials.
¢ Provide a unifying centralknowledge/expertise service

* BMCC coordinates a knowledge hub thatis organized at the stakeholderlevel. This hub
will have tools, organize capacity building events, share best practices etc.

¢ Capacity building: Primary mission, Linking users with providers

¢ Train a new generation of taxonomists using i ntegrative taxonomy approach (4 votes)
¢ Hub of expertise

o |[dentifyingcapacity needs across Europe

e Capacity building and awareness on the integration data into governance/policy

¢ Build capacity of countries and institutions mostin need though knowledge exchange
workshops

* X

*
* ot

ok
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* BMCCis organizing events to ensure data gets collected ina standardized way

* Provide training sessions/workshops on various aspects of biodiversity data collection
¢ Events to develop and update methodologies for data collection according to the
emerging needs/challenges (7 votes)

¢ Provide sampling expertise (1 votes)

¢ To identify missing skills to support trainings intaxonomyfor groups with same
expertise

Capacity building
4: Design of
national
monitoring
schemes

¢ Supportto national level

¢ Assistwithsetup of national schemes

¢ Help designlocal monitoring schemesina waythatthey are compatible.

¢ Organize events to ensure that monitoring protocols are well understood and data gets
collectedina standardized way

* Good practice for implementation of monitoring schemes;

¢ Organizetraining courses forappropriate conduct of monitoring

¢ Seminars, workshops, design monitoring schemes (2 votes)

¢ Training sessions on how to build interdisciplinary actions of studydesign and
implementation. E.g. Amodel design withexperimentalists, data experts, can provide
importantdirection on data collectionand mobilization needs then a studyonly designed
by data providers Xonly.

¢ Support national monitoring centres/units by providing expertise

Capacity building
5:Supportto
citizen science

¢ Train citizen scientists (incl. NGOs) on methods andtaxon ID

¢ Improve use/uptake of data these were devel oped collaboratively (co-creation) - >
involve all stakeholders (citizens, managers...)

¢ All citizens should beinvolved. Citizen science is well integrated in the monitoring at
BMCC

* Freetrainingin taxonomy for citizens

¢ Supporting Citizen Science Activities (4 votes)

¢ Photographic database of s pecies to assist with publicawareness andscientific
identification

¢ Supportto development of citizen science surveys on taxonomicgroups thatare not
yet well covered (e.g. Moths, amphibians, carabids)

¢ Ensure continuity in European scale citizen scienceinitiatives to do with monitoring
biodiversity e.g.in 2022 the Cost Action Alien-CSI launched a European bioblitz which
was focused on detecting Alien Invasive Species

Capacity building
6: New
techniques and

¢ Capacity building into new techniques /approaches (3 votes)
¢ Guidethetransition between traditionaland novel approaches for biodiversity
monitoring(4 votes)

approaches ¢ Integrating high-throughput data sources for added-value extraction
¢ Capacity buildingin'new' tools: eDNA, remote sensing, biologging, etc
¢ Capacity building ingenetic monitoring
® Precise guidelines available with tutorialsingenetics

Funding1: ¢ Funding for NGOs

Allocation of
funds to sponsor
monitoring
schemes

¢ Support financially the devel opment of bird monitoring schemes in countries which lack
such schemes sofar;improve coverage

¢ Financiallysupport s pecific monitoring on mentoring programs, trainings andteachings
¢ Implementation of a funding scheme to address data and knowledge gaps

¢ Fund long-term projects that canbe implemented inseveral European countries
(Financial tool to support long-term monitoring programmes inthe individual countries;
structural funding for long-term monitoring programmes (10 votes)

¢ Mobilize funds to starta network of sites targeting taxonomic groups thatlack
monitoring(2 votes)

¢ Sponsorstandardizationandhomogenization of protocols, from sampling to pipelines
to final data outputand visualization.

¢ Provide adaptable funding to us to maintain andimplement existingschemes intolong-
term

¢ Organize structural long-term funding for transnational biodiversity programmes. E.g.
through centralized fund or transnational agreements

**
*

*
*

ok
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 Coordinating / steeringdata collectionefforts through funding mechanisms
e Stimulate (finance)

Funding2:
Capacity building
on financing
options

e Facilitate access to funding for partners (2 votes)

¢ Help with finance and for actual monitoring / way of applying for funding

¢ Supportcountries by developing project funding and applications if needed, preferably
several Member States includedin the projects
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6. Key responsibilities and benefits of BMCC stakeholdersin detail.

Table 4.1 MS governmentbodies responsibilities and benefitsin relation to the BMCC.

RESPONSIBILITIES

1. Funding and support

Fund a larger monitoring network

Ensure the continuity of existing long-term
funds

Contribute monitoring teams as part of a
larger EU network

Contribute to (co-) funding

2. Representatives in governance structure

BMCC board)
Create networks between stakeholders
Represent national centres and monitoring
programmes/centres

3. Policy, strategy and coordination

Coordinate national-scale monitoring with
standardised protocols

Contract human resources

Provide guidance and needs

Ensure implementation of surveys within MS

Adopt general guidelines

4. Data and indicator use

Build upon standardised data and policy
suggestions

Application of BMCC results

5. Explore whether and how raw data can be
hanested from national databases

Explore optionsto get access to national
databaseswith raw data.

6. Give up some competencies to the EU level

7. Standards development

MS would play an active governance role (e.g.

BENEFITS

1. Funding and support
Get training support
Get EU money for monitoring

2. Policy, strategy and coordination

Build national strategies supported by the BMCC

Meet target goals

Facilitation for local policy strategy and decision-
making

3. Data and indicator use

Comparison of national data due to harmonized
standards may reveal interaction structures

Would get an easier and standardised reporting
system

Get their data for monitoring and compliance
purposes

Table 4.2. EU and EC agencies responsibilities and benefitsin relationto the BMCC.

EUROPEAN AGENCIES/ EC/1GOs

RESPONSIBILITIES

1. Provide funding and support
Provide funding to ensure monitoring

Joint financing of EU relevant biodiversity
monitoring

Be a “home

BENEFITS

1. Get evidence-/ data-based decision
making abilities

Get insight in the state of European biodiversity

Assess policy effectiveness

Gather information and data for establishing &
updating policies
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2. Provide policy framework and mandate
Develop regulatory framework for monitoring

Standardize & harmonize directives
implementation
Provide cross-cutting mandate

Provide overarching cover, global vision and
needs

Analysisand IT development

3. Bundle and disseminate information and data
Bundle and disseminate information
Develop web portal

4. Coordination
Provide overarching coordination

Validate, standardise and harmonise data &
methods

5. Analysis and IT development
Produce the EBVs at the EU scale
Develop IT capacities

6. Methodological support

Facilitate capacity building regarding
methodologies
Provide useful remote sensing data products

Get standardized & comparable data for
monitoring biodiversity

2. Builds on existing institutions

Uses the expertise of existing institutions

(EEA, ETC-BE, KCBD, Biodiversa+, GBIF)

Awoid duplication, furthers research and policy
responses through cumulative evidence by

integration of monitoring data, e.g. through
GBIF.

Table 4.3. NGOs & natural history societies responsibilities and benefits in relation to the BMCC.

NGOS & NATURAL HISTORY SOCIETIES

RESPONSIBILITIES

1. Coordination of monitoring schemes

land
Coordinate monitoring schemes
Implement of concrete schemes

2. Sharing knowledge & capacity building
Sharing methods, experience and tools
Provide reference expertise (e.g. taxonomy)
Knowledge exchange

3. Provide data

Provide historical data
Regularly provide data to the database

Engage in improving accessibility of privates

Contribute data (including citizen science data)

BENEFITS

1. Receive funding

Receive funding so they don’t rely on selling their
data

Receive funding for the monitoring that they
perform

Receive funding for training volunteers

2. Raising awareness

Their observations contributing to society
awareness of status and trends in biodiversity

3. Enhance evidence-based decision making

Observations leading to evidence-based
decisions by local, regional and national
government (e.g., permission for new
industrial development)

Use the information to control EU and national
gowvernments
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4. Organise publicity, citizens & wolunteers
Recruit and train volunteers

Provide feedback to volunteers
Engage citizen scientists

Organise publicity

5. Data processing & analysis

Data processing (e.g. EBCC will continue to
work on the Farmland Bird Index)

Be involvedin data storage
Co-develop monitoring standards and systems
Provide ideas on new methods

1621
1622 Table 4.4. Universities and otherresearch and education organisations responsibilities and benefits in re lation
1623 to the BMCC.

RESEARCH AND EDUCATION INSTITUTIONS

RESPONSIBILITIES BENEFITS
1. Research 1. Leadership and collaboration
Analyse monitoring data to help inform future Enhanced international profile

directions More research publications
Addressing knowledge gaps such asdriversof | | eading Regional Biodiversity Portals

change Connect with monitoring organizations in
Piloting experimental case studies for order to stimulate projects

advancing monitoring approaches
Identify areas of research 2. Increased funding

Receive funding for the monitoring that they

2. Knowledge provision perform
Contribute best practices, new methods Receive funding to analyse and report data to
Strengthen the scientific basis of the BMCC the database
Guidelines for monitoring/ use of new tools Refégt\/: funding to support BMCC to analyse
3. Education

Education of students about European 3. Enhanced engagement with society

biodiversity frameworks and institutions

Students can assist with data collection for uni
credits.

4. Data provision & collection (monitoring)

Perform the actual monitoring of some
components (e.g. genetic diversity)

Regularly provide data to the database
Data collection (observatory, long term)

5. Data use & analysis

Work with provided data
Analyse the (integrated) data
Support BMCC to analyse data

1624
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Table 4.5. Private sector organisations responsibilities and benefits in relation to the BMCC.

BUSINESS SECTOR

RESPONSIBILITIES BENEFITS

1. Provide funding and support 1. BMCC data use

Make tools andtechniques available (e.g. Use the data for adaptation and mitigation
cameratraps, at alower cost measures

Offer specific services/technologies geared Quantify the impacts of their activities in
towardsthe needs of biodiversity science biodiversity/environment

Contribute financially

Develop toolsto support citizen science 2. Compliance activities

2. Participate and collaborate

Co-develop monitoring and data standards
Participate in Research & Development calls
Contribute feedback on data needs

3. Provide & promote open data
Promote FAIR data

Provide data from monitoring and
Environmental Impact Assessment studies
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7. Role of EEA and Copernicus Services in support of the European biodiversity
monitoring landscape

The European Environment Agency (EEA) and its member country network Eionet (32 member
countries and 6 cooperating countries) have a range of tasks related to the compilation of
environmental data, environmental reporting and assessment as well asdata dissemination. The EEA’s
role and obligations have grown over time. While it was initially designed to compile data reported by
its member countries (mainly under EU legislation) and produce related assessments it has taken on
additional tasksin termsof data generation and curation over time. Key examplesare an EU delegation
agreement to host the Copernicus Land Monitoring Service (CLMS) and the Copernicus in situ data
service and the compilation and validation of EU Member State data under the LULUCF Regulation.

EEA collects and disseminates environmental information across all environmental domains. The
collected information is used for EU-wide thematic assessments such as the State of Nature, State of
Water or State of Marine reports as well as integrated State of Environment Reports (SOER) as well as
indicators and other information products designed for a social media environment.

EEA’s involvement with biodiversity data occurs mainly in the context of reporting obligations under
EU legislation (e.g. Birds and Habitats Directives, Water Framework Directive, Marine Strategy
Framework Directive etc.). Via a dedicated biodiversity team and the EEA topic centre(s) dealing with
biodiversity it has supported the development of reporting standards under the Birds and Habitats
Directives, compiled and analysed data reported by EU Member States, and provided training and
other assistance to EU Member States in support of reporting under these directives. EEA has also
developed the EUNIS habitat classification as a comprehensive pan-European system for habitat
identification, see https://eunis.eea.europa.eu/

EEA has always put emphasis on working closely with all its member countries via Eionet, whetherin
the design of reporting flows, consultation on assessment products and identification of work
priorities. One outcome of that is the investment in Reportnet 3.0 whichis designed to enable a further
digitisation and streamlining of environmental data flows.

EEA engagesclosely with the services of the European Commission, whether it be policy users such as
DG ENV or DG CLIMA, or other data providers, such as Eurostat and the EU Joint Research Centre. A
recent example is the collaboration establishing ecosystem accountingin the EU, which inter alia has
resulted in guidance for an ecosystem typology for accounting purposes.

One key objective for EEA’s work is to provide information to policy makers and the public. For this
purpose the EEA has established several thematic Information Systems, covering biodiversity (BISE),
forest (FISE), freshwater and marine (WISE). EEA also makes accessible all the data underpinning its
indicators and assessment reportsand/or related toits reporting obligations. To make it better suitable
for modern data access demands this data interfaceis currently undergoing modernisation.

EEA is identified as one of the key users of Copernicus services and constantly evaluates the use of
remote sensing data for ecosystem and biodiversity monitoring and assessments in cooperation with
Member States, ESA and research projects. It acts as facilitator for linking in-situ biodiversity
monitoring with earth observation for better biodiversity and habitat monitoring and mapping for
uptake by the service providers for furtherimprovements of the service portfolio.

Connected to the work on using Copernicus and many other geo-spatial assessment purposes EEA has
invested for over 15 years in a geo-spatial data infrastructure and related processing tools. The aim is
to build up a geo-spatial data base that includes biodiversity, ecosystem and many other data layers
to be able to generate integrated assessment products and a data pool available to others.

EEA in its role as collector and distributor of environmental information developed the network and
knowledge to coordinate and is hosting complex data flows, involving a wide range of thematic areas,
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1675 actors, spatial and temporal scales as well as end users, as required for setting up a Biodiversity
1676 Monitoring Coordination Centre (BMCC) with the respective content management, dissemination
1677  tools and ITinfrastructure.

1678  As EU institution EEA is an established governance body for the implementation and maintenance of
1679  a sustainable biodiversity monitoring scheme. Making use of the knowledge and expertise in hosting
1680 and managing a biodiversity monitoring coordination scheme however requires building-up of
1681 respective capacities for the implementation.

1682
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8. Governance scenarios considered but rejected in favour of the “hub and
spokes” scenario

Centralised - (C)BMCC

A centralised system would be a partnership led by some organisation with the EU/EC(an agency such
asthe EEA, a programme, a DG, etc.). The BMCCwould be a network and a partnership probably based
on some authoritative or legal mandate by the EU coordination body. It would rely on cooperation
between the EU coordination body and MSs. BMCC members (MS) collect and process national data,
while the EU coordination body ensures harmonisation of the information, dissemination official
biodiversity statistics and organises capacity building and knowledge exchange.

In this structure, the EU coordination body would have the following responsibilities: leadership of the
system; management; technical organisation, data validation and harmonisation; administration;
verification; data collection (through tenders) if gaps national efforts are insurmountable considering
MS capacities; develop data and ethical standards; act as BMCC representative.

Core (C)BMCC structure would include the following bodies:

(C)BMCC Committee: The heart of the (C)BMCC. The (C)BMCC Committee is chaired by a member of
the EU coordination body and members are the heads/representatives of national monitoring
authorities. Its tasks include:

e Main decision making body in the (C)BMCC

e Professional guidance for developing, producing and disseminating EU biodiversity indicators
and trends

e Implementsactions that the Commission intends to take in the field of biodiversity monitoring
and/or are required by existing and future laws and regulations

e MSrepresentatives take partin committee procedures (comitology)

e Advisory function

(C)BMCC Committee Support Group: group of (C)BMCC Committee members elected to facilitate its
work. Itstasks include:

e Strategiclevel discussions and agenda setting

® Promotes cooperation between MS national authorities especially in the theme of common
standards and mutual interests

Identify potential monitoring topics and themes as they relatedto policy

Develop new monitoring programmes

In change of stakeholder dialogue and internal discussion

Strengthens the strategic capacities of the ESS through internal discussions, stakeholder
dialogues, etc.

(C)BMCC Scientific Committee: the scientific advisory of the (C)BMCC. It is comprised of leading
researchersand heads of scientific heads large-scale monitoring programmes (PECBMS). It:

e Advises on all manners required by the (C)BMCC Committee and the (C)BMCC Committee
Support Group

e Designs curricula on biodiversity monitoring in Europe focusing on taxonomy, data collection,
curation and standards, and data analysis

® Assesses knowledge and data gaps

European Biodiversity Monitoring Conference: organised every year in a different MS, devoted to:

e Discussing (C)BMCC internal issues
e Highlighting best practice cases in biodiversity monitoring (whole value chain)
e Organising workshops and trainings
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e Exploring new methods and technologies

European Monitoring Code of Practice and Ethics committee: Self-regulated committee Chaired by EU
citizen organisations nominated by MS every 3 years. Chaired by a member of the EU coordination
body, and supported by a 10-member Ethics Scientific Committee comprised of monitoring and data
science experts. Its tasks include:

® Ensure FAIR data and indicators
e Develop, promote and update a common biodiversity monitoring code of conduct across MS

(C)BMCC Biodiversity Monitoring Stakeholder Committee: its members are a mix of users, data
producers, and other stakeholders. They are appointed by EU institutions, MS, EC, and comprise
representatives of NGOs and citizen science organisations, DG and EU agencies, large monitoring
networks, large-scale data aggregators, etc. It role is to:

® Provide opinions and advice on existing and new monitoring schemes, and the relevance of
indicators

e Develop new themes and provide suggestions for new monitoring schemes and indicators as
the world is changing (policy, biodiversity, political economy changes)

e Runseminars and facilitate knowledge exchange

The (C)BMCC has a sizeable number of employees who are organised in various working groups that
cover aspects of the organisation’s diverse monitoring mandate (e.g. remote sensing, modelling
species and species diversity; data collection; data management and curation including standards;
genetics; etc.). There are also cross-thematic working groups (biome: terrestrial, marine and
freshwater; standards: from data collection to reporting, etc.). There is a layer of management
personnel who are in charge of each working group.

Political level EC; EU; DGs; Agencies

t i i

BMCC Stakeholder BMCC Scientific Centralised

Committee Committee * Partnership led by EU/EC
organization

Members are MS

Strategic advice

BMCC Committee i inistri
n == European Biodiversity agencies/ministries
(Chair: EU Body Head; —_— S
- Monitoring Conference
Strategic level Members: MS agency heads)

(C)BMCC Committee
Support Group

WG Directors

L

Management level

Working groups
(technical and cross-
Technical level thematic groups of Ethics committee
employees)

Figure 2. Schematic representation of a centralised governance model.

Decentralised (D)BMCC

This approach is based on the benefits of self-organising efforts. A central partnership organisation
(independent and voluntary), outside of the EU institutions would be set up. The central organisation
could be an association/secretariat and would be headquarteredin a EU city. It would have a diverse
membership comprised from EU monitoring ecosystem, including MS agencies and government
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bodies, researchinstitutes, universities, private companies, NGOs, citizen science organisations, ERICs,
etc.

General Assembly: the general assembly is the decision making organ of the (D)BMCC. Itis comprised
of representatives of the participating organisation, and meets regularly. The membership is diverse,
and includes scientists, policy makers, NGO and citizen science organisation representatives, MS
agency representatives, etc. Members have equal voting rights, and democratically:

e Decide on and provide strategic orientation
e Develop new and evaluate existing partnerships

Executive Board: the executive board is appointed by the General Assembly and is responsible for
implementing its decision and the day-to-day activities of the (D)BMCC.

Secretariat: it is comprised of employees of the (D)BMCC (< 20). The Secretariat is tasked with
implementing decisions made by the General Assembly and the Executive Directors Board.

Working Groups: The (D)BMCC is supported by several expert Working Groups in areas underpinning
its objectives, to identify strategies, cooperate, co-produce and promote operational biodiversity
monitoring. Working Group members are not empoyees of the (D)BMCC but are experts from each
participating organisation. These Working Groups include:

Species and habitat monitoring group

Data management, exchange and curation group
Technologies group

Scientific advisory group

Capacity building and knowledge exchange group

Technical Groups: Technical Groups are networks of biodiversity monitoring (e.g. PECBMS), data
aggregation (e.g. GBIF) and tool developing infrastructures (e.g. LifeWatch). They have the following
tasks:

Coordinate and harmonise existing monitoring, data aggregation and standardisation efforts
Conduct gapanalysis on the EU biodiversity monitoring and data system

Develop common reporting and services

Develop scientific and technical solutions, joint programmesand coordinated action aiming to
enhance EU biodiversity monitoring infrastructure

Biogeographical groups: a series of cross-thematic groups are organised that foster collaboration
between regional partners, enhance transboundary efforts, and coordinate data collection efforts.

Funding for the (D)BMCC is not centralised, but depends on the fund-raising activities of the network
(and its sub-networks). A lot of funding comes from EU Horizon, LIFE and COST action projects. LTS is
not guaranteed, and significant effort is expended in fund raising. In termsof personnel, the (D)BMCC
is a light-weight organisation, and the majority of its employees are staffing the Secretariat. Onits own,
it has limited technical and scientific capacity, andit relies on the capacity of its member organisations.

*
*
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1796 Figure 3. Schematicrepresentation of a decentralised governance model.
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