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Abstract
Biodiversity is threatened on a global scale and the losses are ongoing. In order to stop further losses and
maintain important ecosystem services, programmes have been put into place to reduce and ideally halt

these processes. A whole suite of different approaches is needed to meet these goals. One major scientific
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contribution is to collate, integrate and analyse the large amounts of fragmented and diverse biodiversity
data to determine the current status and trends of biodiversity in order to inform the relevant decision
makers. To contribute towards the achievement of these challenging tasks, the project EU BON was
developed. The project is focusing mainly on the European continent but contributes at the same time
to a much wider global initiative, the Group on Earth Observations Biodiversity Observation Network
(GEO BON), which itself is a part of the Group of Earth Observation System of Systems (GEOSS). EU
BON will build on existing infrastructures such as GBIF, LifeWatch and national biodiversity data centres
in Europe and will integrate relevant biodiversity data from on-ground observations to remote sensing
information, covering terrestrial, freshwater and marine habitats.

A key feature of EU BON will be the delivery of relevant, fully integrated data to multiple and
different stakeholders and end users ranging from local to global levels. Through development and ap-
plication of new standards and protocols, EU BON will enable greater interoperability of different data
layers and systems, provide access to improved analytical tools and services, and will provide better har-
monised biodiversity recording and monitoring schemes from citizen science efforts to long-term research
programs to mainstream future data collecting. Furthermore EU BON will support biodiversity science-
policy interfaces, facilitate political decisions for sound environmental management, and help to conserve
biodiversity for human well-being at different levels, ranging from communal park management to the
Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES). Additionally, the project
will strengthen European capacities and infrastructures for environmental information management and
sustainable development. The following paper outlines the framework and the approach that are pursued.
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Background

The world’s biodiversity is in a dramatic decline and in its speed is unprecedented.
However, the target to “achieve by 2010 a significant reduction of the current rate of
biodiversity loss at the global, regional and national level as a contribution to poverty
alleviation and to the benefit of all life on Earth”, formulated in the “2010 biodiversity
targets” at different Conferences of Parties (COPs) of the Convention on Biodiversity
(CBD), has not been met (Secretariat of the CBD 2010, but see Carvalheiro et al.
2013). The empirical basis for assessing the scale of biodiversity loss remains weak,
and a comprehensive global analysis is lacking. A main obstacle in achieving the “2010
biodiversity targets” was the lack of integration of biodiversity information into deci-
sions in sectors other than nature conservation (Mace et al. 2010). Thus, there is a need
to acquire the capacity to assess the consequences of a range of political and economic
decisions in many different sectors. However, these developments and assessments are
limited by our ability to predict the future of biodiversity and its interactions with the
anthroposphere. Therefore a wide range of different scenarios are required in order to
improve the decision making capacity of those responsible for sound adaptive manage-
ment of terrestrial, freshwater and marine ecosystems, as well as the sustainable govern-
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ance of our planet’s natural resources. For this purpose, scenarios need a sound scientific
knowledge basis that is reliable, relevant, up-to-date, readily accessible and understand-
able. Only then will it be possible to achieve the five strategic goals of the “Strategic Plan
for Biodiversity 2011-2020” and the Aichi targets for 2020 formulated therein.

All five strategic goals and the underlying twenty targets are important. The de-
velopment of EU BON is directly linked to the target that states “By 2020, knowl-
edge, the science base and technologies relating to biodiversity, its values, functioning,
status and trends, and the consequences of its loss, are improved, widely shared and
transferred, and applied.” (target 19 under strategic goal E; see http://www.cbd.int/
sp/targets/). While a large quantity of biodiversity data have already been gathered,
access to it remains difficult as it is often distributed in fragmented and heterogeneous
datasets. Data are scattered across countries and continents with many differences due
to countries’ specific traditions and societal frameworks (Amano and Sutherland 2013;
Vandzinskaite et al. 2010). Furthermore, there is often a heavy bias towards easily rec-
ognisable and high profile taxa. Research methodologies and monitoring schemes are
largely conducted by different independent communities who rarely share concepts,
data or infrastructure (Schmeller 2008, Schmeller et al. 2009, 2012). To meet Aichi
target 19, the available biodiversity data needs to be reorganised in a Big Data plat-
form, which allows sharing and easy transfer of the vast amount of biodiversity data
collected in Europe each year (Schmeller 2008).

This Aichi target was motivated by the growing demand to provide readily accessible
data that can be integrated and analysed to support political decisions (cf. Hardisty et
al. 2013). This demand was first addressed by the Group on Earth Observations (GEO)
and resulted in the idea of establishing GEOSS (Global Earth Observation System of
Systems), with a focus on providing information on nine areas of social benefits (dis-
aster, health, energy, climate, water, weather, ecosystems, agriculture and biodiversity;
http://www.earthobservations.org/geoss.shtml). The GEOSS biodiversity monitoring
platform is organised through GEO BON (Group on Earth Observations — Biodiversi-
ty Observation Network; e.g. see Pereira et al. 2010, Scholes et al. 2008, 2012). Europe
has high quality data as well as substantial capacities to contribute to such a platform
(Schmeller 2008). Since 2005, the European Commission has invested in several large
scale projects with that objective. Examples include the quest for a better understanding
of the monitoring landscape in Europe (EuMon; Schmeller 2008), the development of
a European Biodiversity Observation network with a focus on terrestrial habitat and
ecosystem monitoring (EBONE; Halada et al. 2009) and a European contribution to
GEOSS, which addressed interdisciplinary interoperability in three strategic areas (bio-
diversity, drought, forestry) (EuroGEOSS; Vaccari et al. 2012) and, most recently the
successor of EBONE, to further build the European contribution towards a global Bio-
diversity Observation Network (EU BON; this paper).

The main aims of EU BON are to follow up the requirements set by GEO BON,
while building on the groundwork set by the above mentioned projects, mainly fol-
lowing the footsteps of EBONE (see http://www.wageningenur.nl/ebone). To achieve
this aim, a large collaborative network has been assembled with contributions from 30
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institutions including research institutes, small companies (SMEs) and NGOs from 15
European countries, Israel, Brazil and the Philippines (see Figure 1), with the inten-
tion to subsequently involve additional associated partners around the world. The 4.5
year EU BON project period, which commenced in December 2012, is supported by
the European Commission under the Seventh Framework Programme (FP7). Further
details and updates can be found on the project’s website at http://www.eubon.eu.

Additionally, the question arises how the above mentioned data and results are
best presented to science, policy and the broader society (see discussion “Connecting
policy, models and data” later in the paper. A more detailed discussion and results
from a first workshop are presented separately (Vohland et al. in review).

What is needed to link science and conservation policy?

Networking for biodiversity science and conservation policy can occur at two main
levels that need integration: (1) a science-based social network, comprising and link-
ing the communities of practice engaged in collecting, managing, analysing, and using
biodiversity data, and (2) a physical network of interoperating IT infrastructures and
systems that store and distribute information of all kinds held by multiple organisa-
tions and partners, providing a platform for data analysis and interpretation. For re-
source efficiency, the establishment of EU BON is built on existing infrastructures and
efforts to integrate monitoring schemes and their data across Europe and internation-
ally, in particular the Global Biodiversity Information Facility (GBIF). In supporting
GEO BON, EU BON has the specific objectives:

*  Advance the technological and informatics infrastructures in close collaboration
with GEO BON, by moving existing biodiversity networks towards standards-
based, service-oriented approaches, enabling full interoperability through the
“GEOSS Common Infrastructure”.

* Increase data mobilisation and data publishing via scientific communities, citizen
scientists and potential data users.

*  Enhance our knowledge of biodiversity, biological resources, related habitat and
environmental characteristics (e.g. measured via remote sensing), for Europe, and
beyond, by integrating, harmonising and mainstreaming data and identifying cur-
rent knowledge gaps.

* Improve the range and quality of methods and tools for assessment and analysis,
as well as visualisation of biodiversity and ecosystem information, focussing par-
ticularly on predictive modelling, identification of drivers of change, biodiversity
indicators, and supporting priority setting.

* Provide mechanisms for delivering integrated biodiversity information to EU
member states, other governments, and sectoral stakeholders to support their re-
porting obligations under the CBD, the Nature Directives as well as other interna-
tional conventions and mechanisms.
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Figure |. Geographic representation of the countries, where black dots on the map indicate the location
of the EU BON partners (see http://www.eubon.eu for more details).

*  Develop frameworks and strategies for future generations, management, and use
of integrated biodiversity information at national and regional levels (towards full
implementation of the GEO BON plan); this supports the science policy inter-
face, in particular, for IPBES (Intergovernmental Platform on Biodiversity and
Ecosystem Services) and existing national reporting obligations to European poli-
cies and international conventions.

*  Design concepts to sustain future integrated environmental information systems,
including active participation by citizen science as well as business and industry,
thereby strengthening European capacities and infrastructures.

In addressing these objectives, EU BON directly engages with researchers, policy
and other relevant stakeholders as end users of integrated biodiversity information.
EU BON’s main deliverables will be made available via a comprehensive “European
Biodiversity Portal” designed to satisfy the data and information requirements of the
different stakeholder communities, as well as through strategies allowing for a global
implementation of GEO BON.

The research approach

The work programme of EU BON has been developed to advance social as well as
scientific networks, and to provide at each step valuable products which serve the
broader community. In a first step, a gap analysis on available data sources is being
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Figure 2. Structure and work flow within the EU BON project.

performed and strong efforts are being directed at mobilising fragmented or hidden
but valuable biodiversity data. The interoperability between the different resources is
being enhanced, and tools for interpretation, modelling and visualisation developed
and applied at the global scale to identify the main drivers. A key for transformation
of this concept into practical applications are the EU BON testing sites which provide
additional scientific information and serve as a reality check for the EU BON tools.
Last but not least, the progress and development direction of the project is being con-
tinually discussed with different stakeholder groups addressing different scales, in order
to play a fundamental role in GEO BON and IPBES. The EU BON work programme
has been structured along nine themes (see Figure 2).

Gap analysis and mobilisation of fragmented data sources

Biodiversity data are demanding to gather, manage, and analyse because: i) they in-
clude many different types of data; ii) the amount of data is large; iii) relevant data
sources are still largely fragmented and coverage is often incomplete. Relevant data
types include remote sensing data and products such as land cover, habitat information
as well as land use intensity, water quality estimates and climate proxies (cf. BIO_SOS
project, www.biosos.eu); taxonomic backbone data including nomenclatural informa-
tion; genetic sequences and genomics data; observation and monitoring data or spe-
cific organisms or taxa; ecological data; data from bio-repositories, and species profile
data (e.g. functional traits, conservation status, distribution, abundance data, invasive-
ness). The amount of biodiversity data is rapidly expanding not only with innovations
in genome sequencing technologies but also with new tools for efficient field record-
ing becoming available (Eymann et al. 2010) or different techniques in the realm of
remote sensing. Therefore biodiversity data has to be regarded as Big Data, which
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requires flexible information systems (Marx 2013). For example, The European Bioin-
formatics Institute, one of the world’s largest biology-data repositories, currently stores
20 petabytes of data (Boyle 2013). Another challenge for managing biodiversity data,
particularly from meta-genomics, is the traditional classification of individuals into
unique entities called species. All trait or associated biodiversity data are anchored to
these species. Over time, however, one species can split into many species, and there are
also cases that two or more species can be lumped together. In addition, there are also
competing taxonomic concepts for many organisms, for example if one study supports
single species but another study endorses two species. Solutions for this challenge are
available. Kéljalg et al. (2013) for example suggest means for managing multiple spe-
cies hypotheses (and associated data) that change in time and space.

The structural complexity of biodiversity data and the collection process itself are
some of the reasons why important data sources are still fragmented and nearly every
data type and every monitoring organisation has developed its own information sys-
tem. EU BON will assess and generate a gap analysis of different data types and make
recommendations as well as working examples for future integrated biodiversity mo-
bilisation policies. The project will provide solutions for the storing and managing of
selected biodiversity data types such as taxonomic backbone data, data generated by
bio-repositories, species profile data, and citizen-science based data.

Integration and interoperability of data

EU BON will develop recommendations for data integration and interoperabil-
ity. Starting from the previous work done on-ground by GEO BON (O Tuama et
al. 2010), GBIF (Hobern et al. 2013) and for remotely sensed data by BIO_SOS,
MS.MONINA (www.ms-monina.eu/), and the EAGLE working group (Blonda et al.
2013) it will address the heterogeneity of data types, projects and networks by design-
ing the information architecture for EU BON. Furthermore, the project reviews state-
of-the-art needs for improvement of current data standards and will make recommen-
dations for their use. Tools for data sharing will be developed and an information hub,
the European Biodiversity Portal (EBP), backed by a registry and metadata catalogue,
will be developed for unified and easy access to data, services and analyses provided by
the network. The EBP will serve as a gateway to the different data layers and individual
data sets. It will be designed to facilitate access to relevant information and analyses for
various stakeholders and decision makers on different political and spatial levels. The
EU BON architecture will need to be linked closely to the existing European infra-
structures such as LifeWatch (Herndndez-Ernst et al. 2009), GBIE, LTER and related
networks in other parts of the world. Therefore, an international informatics task force
has been invited to advise the EU BON project. The key question of how a user-
friendly interface for those myriads of data sources and services that exist in Europe
and across the globe can be combined with the GEOSS Common Infrastructure will
need to be explored in detail. Selected priority use cases from the wider GEO BON
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community will guide this work. To reach all the different potential users, a helpdesk
will be established and a comprehensive training programme developed. It will include
in addition to the usual functions, an applications and documentation repository.

Improving tools and methods for data analysis and interface

One important barrier to global biodiversity assessment is the shortage of appropri-
ate analytical tools, and poor accessibility for non-specialist users of those tools that
have been developed. Tools and methods for analysing biodiversity monitoring data
will be improved and an interface developed to assure the best possible presentation
of biodiversity data. EU BON will implement new and existing tools and methods
in accessible software packages to make them more widely available to non-specialist
users. Remote sensing data provide an important source of habitat information that
may improve biodiversity assessment and modelling, yet such data are typically used
in isolation, allowing only very coarse categorisation. The EU BON project will help
to develop and promulgate recent advancements in interpretation and classification
methods (e.g. learning and random forest algorithms, multi-scale methods; cf. Brad-
ter et al. 2011). The project will also help to improve access to novel techniques for
downscaling species’ distributional information (Azaele et al. 2012) and upscaling bio-
diversity data, two key challenges in the application of biodiversity datasets in conser-
vation planning. We also work on developing enhanced species distribution models,
also called environmental niche models, to better incorporate information on spatial
patterning (Keil et al. 2013). We also help in the development of tools to mine biodi-
versity data directly from the published literature, thus making it easier and faster to
access new species records.

Linking biodiversity trends to natural and anthropogenic drivers

A key prerequisite for sustainable management and conservation of biodiversity is
a good understanding of how natural and anthropogenic drivers determine spatial
and temporal trends of biodiversity. Drivers as well as biodiversity patterns and trends
strongly depend on the scale of the analysis even for the same dataset (e.g. Keil et al.
2012, Kithn and Klotz 2007, Tzanopoulos et al. 2013), providing major challenges for
understanding the effects of drivers on biodiversity. Through the rapidly advancement
of remote sensing capabilities, as well as new analytical techniques to interpret and
transform digital data, a wealth of pertinent information has become available that
is not yet fully used and integrated with on-ground data (e.g. Rocchini et al. 2011,
Blonda et al. 2013, Nagendra et al. 2013).

The outcomes of traditional species distribution models yield substantial uncer-
tainty originating from various ecological processes and ignorance of the diversity of
life-history patterns. In EU BON, we aim at implementing methods to quantify un-
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certainties propagated as a result of using different sources and modules of models.
An important recent advance is the development of dynamic simulation modelling
approaches explicitly including ecological processes (e.g. Bocedi et al. 2012). Further-
more, new approaches exist to incorporate species interactions into species distribution
models (Kissling et al. 2012, Schurr et al. 2012, Wisz et al. 2013). EU BON builds on
these advances to make projections of possible future trends in both populations and
distributions for real species in real landscapes. Even with improved models, predic-
tions still depend on the availability of monitoring data which is spatially highly het-
erogeneous. Despite considerable advances in the theory and practice of optimal spa-
tial sampling (e.g. Braunisch and Suchant 2010, Lin et al. 2008), trade-offs between
optimal spatial and optimal temporal sampling are not yet completely resolved. The
advances for habitat monitoring achieved by the EBONE project (Brus et al. 2011,
Metzger et al. 2013) will be taken up and EU BON will tackle these challenges with
new statistical and virtual ecological approaches (Railsback and Grimm 2012).

Testing and validation of concepts, tools, and services

The data integration and analytical work undertaken in EU BON are applied to real, on
ground situations, as it is important to validate the new tools and the results gained and
apply to actual, smaller-scale levels. So far, three European test sites for the envisioned
results are part of EU BON: Dofiana Biological Reserve (Spain), LTER Rhine-Main
Observatory (Germany) and Amvrakikos Wetlands National Park (Greece). Planned
additional sites are the Mercantour National Park (France) and those managed by the
Sierra Nevada Observatory (Spain), the Israel National Ecosystem Assessment Program
(Israel) and the Fundacao Amazonica de Defesa da Biosfera/Instituto Nacional de Pes-
quisas da Amazonia (Brazil). These sites also provide direct links to the wide range of
stakeholders involved in, and using biodiversity information, such as agriculture, for-
estry, and tourism. Based on the experiences with the test sites, a strategy for long-term
monitoring and observatory data harmonisation will be developed including a business
plan for obtaining and managing the necessary financial and other resources.

As a Biodiversity Observation Network (BON) needs to inform policy, a success-
ful development will need to understand the expectations and needs of policymakers.
Therefore, four work packages of the project engage in science policy dialogue (mainly
IPBES), the implementation of EU BON in the global biodiversity observation network
(GEO BON), general outreach and the dissemination of results, and the management of
the project including its linking to other EU initiatives and projects, such as LifeWatch.

Connecting policy, models and data

Currently, for biodiversity there is typically a mismatch between the knowledge require-
ments of policy makers and the information available to them (Sutherland et al. 2011).
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There seems to be also a data quality problem in common reports (ETC 2008). This
can lead to both less efficient policy-making and to reduced political support for sci-
ence if the outcomes are not perceived as useful. There are a host of reasons for this
mismatch, including a lack of horizon scanning to identify future issues, a failure to
identify critical issues for monitoring and research, and a gap between the manner
in which biodiversity information is presented and how it is required. It is obviously
important that any biodiversity programme considers how it could be used and how it
can be most efficient in aiding practice and policy making.

Identifying the use of research and policy issues and their attempted resolution will
show what has been effective in the past. The information needs of the policy makers
require to be identified and connected to the required monitoring activities (see Vohland
etal. in review). Anticipating the possible policy responses to actions in a changing world,
including developments such as artificial life, nanotechnology and geo-engineering is chal-
lenging. It is an ambitious but important objective to achieve the integration of all stages
in the process, including monitoring, research, modelling, dissemination and policy de-
velopment. We see this as providing monitoring help to improve the rigour of assessments

such as IPBES and CBD (Sutherland 2013).

Implementation of GEO BON:strategies and solutions at European and
global levels

As EU BON is intended to be a major contribution to GEO BON, it is necessary to
closely link the EU BON work with the GEO BON agenda and also to provide an out-
look and refine the GEO BON goals, especially at the policy science interface. Within
EU BON we will formulate recommendations for all aspects covered in EU BON on
national, regional and global levels with a special focus on monitoring schemes and
biodiversity information structures. Outputs of EU BON are also expected to contrib-
ute to the work of IPBES, on reducing or even halting the global loss of biodiversity
through provision of sound information on the current status as well as future trends
of biodiversity. IPBES was established following a gap analysis of the Environmental
Programme of the United Nations (UNEP) (UNEP 2010) and the last Conference
of the Parties (COP 11) of the Convention of Biological Diversity (CBD). EU BON
therefore engages on a more global level in science policy dialogue and by that also con-
tributes to the fulfilment of the European obligations following the CBD and IPBES.
EU BON also evaluates possible paths for a European or global BON business plan to
assure persistence of large-scale biodiversity observation networks and infrastructures.

Dissemination and outreach

The goals and objectives of EU BON are ambitious and can only be achieved with
outstanding engagement in both dissemination and outreach. Project partners are ex-
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pected to put considerable efforts into communicating the outcomes of their scientific
work. As funding comes from EU taxpayers, letting the public know how this money
is spent is an obvious obligation of every FP7 project (European Commission 2012a).
However, most of the publicly-funded research results that exist in the form of data
are still not made available for others, which makes the investment highly inefficient
(European Commission 2012b). With the aim of ensuring that communication and
dissemination are properly developed, implemented and managed throughout the pro-
ject lifetime, EU BON is developing a comprehensive communication strategy, so that
the EU BON brand will be widely recognised and its results and achievements reach
a broad audience across different stakeholder levels, including policy, administration,
conservation managers, scientists, journalists and the general public. This “Communi-
cation and Dissemination Strategy” will be of foremost importance for the success of
the project.

Furthermore, we will work on a comprehensive data publishing, citation and usage
strategy, including IPR and license issues. Special efforts will also be put into a novel
peer review strategy for publishing research data. As a basic dissemination principle,
EU BON has adopted open access and multi-targeted popularisation of outputs, to
comply with the decision of the Council of Europe recognising “the strategic impor-
tance for Europe’s scientific development of open access to scientific information” and
the European Commission’s communication and recommendation to the member
states that they should aim at improving the access to scientific information produced
in Europe. “The open access to scientific research data enhances data quality, reduces
the need for duplication of research, speeds up scientific progress and helps to combat
scientific fraud.” (European Commission 2012c¢).

The core output will be the development of a fully integrated data publishing and
dissemination toolbox helping data providers to find the best way to publish differ-
ently structured biodiversity data. It will also integrate workflows between data jour-
nals and the leading aggregators and repositories, such as GEO BON, the Biodiversity
Information System for Europe (BISE) run by the European Environment Agency
(EEA), GBIF, Scratchpads, the International Nucleotide Sequence Databases Consor-
tium (GenBank, ENA, DDB]J) and others.

Summary and vision for the future

The main impact from EU BON will be through increased interoperability and mo-
bilisation of data and systems through adoption of new standards and technologies,
towards the development of strategies for future harmonisation and mainstreaming
of biodiversity recording and monitoring, and strengthened European capacities and
infrastructures by providing a comprehensive “European Biodiversity Portal” for all
stakeholder communities. In addition, public awareness of biodiversity, one of the
prominent targets of the CBD Strategic Plan for Biodiversity 2011-2020, as well as
of many national biodiversity plans, will be increased. The implementation and fur-
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ther enhancement of analytical methods and visualisation and interpretation tools will
provide completely new insights on biodiversity and will strengthen the usefulness
of the available information which then can be used for sound political decisions to
help safeguard biodiversity in the future. In this way, GEO BON will emerge as the
integrating network of networks, as foreseen in the GEO BON Concept Document
(http://www.earthobservations.org/geobon.shtml). There will be increased intention
to see that various networks and projects pursue the same aim and to share and use
biodiversity data freely across borders and regions.

Recently, GEO BON set the goal to achieve an operational system by 2015, the
year when GEOSS’s 10-year implementation plan comes to an end. The Essential
Biodiversity Variables (EBV) as proposed by GEO BON (Pereira et al. 2013) will help
to focus what is meant by “operational”. The use case that EU BON and GEO BON
will jointly work on is making EBVs operational by streamlining and automating the
data flows from the many disparate biodiversity observation systems towards EBVs,
and further to useful indicators (Figure 3). Our vision for the EU BON Portal is that
it will act as a window to facilitate looking into all these observation systems, how data
flows are working and possibly showing how the “Shared Environmental Information
System” (SEIS) of the EU (cf. Hiebi¢ek and Pillmann 2009) works for biodiversity.

In conclusion, EU BON will use its potential to change the interrelation between
citizens, science and policy for biodiversity. Decision makers at different levels will be
able to make use of biodiversity information adapted to their specific requirements.
Disparate and unconnected databases will be integrated to allow monitoring and eval-
uation of measures at different spatial and temporal scales. This requires strong efforts
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dataset

Indlwdual
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ECOIogIcaI
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Processing BN CBV/.2 Indicator-1
Remote Sensing /’ eluicesZ Indicator-2
q Analysable Indicator-x
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Processing /
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Ecosystem Analysable
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Figure 3. EU BON will be implementing the GEO BON vision of automated, streamlined data flow,

end-to-end, from observations to Essential Biodiversity Variables (EBV), using a plug-and-play service-
oriented approach, coordinated through the GEO BON registry system and linked to the GEOSS Com-

mon Infrastructure, and transparent to users through portals.
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not only in regard to technical harmonisation between databases, models and visuali-
sation tools, but also in the dialogue with the associated social networks, spanning a
variety of scientific as well as civil science organisations.
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