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A timeline of biodiversity targets
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A global biodiversity model intercomparison
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How good is our biodiversity monitoring data?

False trends detected

Correct trends detected
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The SC5-33-2020 Call:
Monitoring ecosystems through research, innovation and technology
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Many EU policies rely on the supply of regularly updated
biodiversity data

To harness scientific advances and bring together various actors to
strengthen current efforts and devise a cost-effective approach to
monitoring combining in-situ, space and air-born monitoring

The action should design an EU-wide framework for monitoring
biodiversity and ecosystem services

Horizon 2020
Programme



EuropaBON project
Designing an EU-wide framework for monitoring biodiversity

CO-DESIGN (WP4)
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INNOVATION & COST-EFFECTIVENESS
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The consortium and the
EuropaBON network of
members

* A consortium with 17 partners across
Europe

e About 1600 members in over 70
countries

https://doi.org/10.5281/zenodo.10047342
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https://doi.org/10.5281/zenodo.10047342

Designing a Biodiversity Observation Network
with Essential Biodiversity Variables

Monitoring design
(1) Where and how to monitor?
(2) How to integrate data?

(3) What models to use?

tUROPABON

In-situ observations

Remote sensing observations and

modeled drivers

!

Driver | |
Models

Calibration and Validation
(State variable)

-

Biodiversity
model

Space
EBV Integration

—

Spatiotemporal predictors

GEO BN

EBV Selection

(1) Which EBV are needed for each policy question?
(2) What taxa and ecosystems?
(3) What spatial and temporal resolution?

Estimated EBV
Reporting units

e.g. countries, ecoregions

Indicator \

Time

LA \;J

[ Time series

B Single snapshot Biodiversity
] No data — \Change Indicator/

[[] Modeled

Fernandez et al (2020) in Remote Sensing of Plant Biodiversity
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User needs challenges

ack of integrated data i
Lack of integrat ata Regions

\
/ \ M Eastern Europe

Lack of data integration
at different spatial scales \., I¥ Northern Europe

5.0 - B Southern Europe
Lack of long-term policies
for monitoring 4.5 M Western Europe

Lack of integration between f !

- in-situ and,remote sensing data [l Europe average e |/
_ /e . " Europa Biodiversity
olse &\ Observation Network:

% Userand Policy
pre ~ Needs Assessment
nsufﬁcient spatial coverage ' =

——— Financial resource
constraints

Insufficient resources

£UROPABON
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Monitoring frequency
too low to detect trends

Elep 1uaoIynsu|

Lack of human and \ :
technical capacities \

Under-representation ]
of ecosystem types Lack of raw accessible data

Under-representation
of taxa
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Moersberger et al (2024) in Conservation Lettters



Selecting EBVs only makes sense in the light of user needs

Wildlife Epidemiology

Species Action Plans 0.5%

5 Ecosystem State
18.1%

6.3%

Habitat Conservation Status

6.3%

Species Conservation Status

Species Management Plans Sy
13.4%

Invasive Alien Species Management Climate Change
3.1% 0.8%
Land Use Management Ecosystem Services
3.1% 2.1%
Forest Management Plans Habitat Management Plans
3.1% 2.6%
ElAs and SEAs Hunting Management & Permits
2.9% 2.9%
Agricultural Strategies Protected Area Designation
1.6% 6.3%

Green Infrastructure Strategies Protected Area Management

0.3% . = 9.9%

Species conservation management [ Conservation status and monitoring ~ Cross-cutting topics

' Habitat conservation management  Land use management

tUROPABON

Moersberger et al (2024) in Conservation Lettters






EuropaBON EBVs Taxonomic Coverage
Proportion of EBVs
0 0.25 05 0.75 1

Ecosystems-focused EBVs

Species-focused EBVs

I Amphibians I Fungi I Plankton I Forests I Reptiles

I Animal disease vectors I Lakes I Riparian Habitats I Microorganisms I Vascular plants
I Arthropods I Lichens I Rivers l Phytoplankton I Mammals

I Benthic habitats I Macroalgae canopy cover I Seagrass cover I EUNIS habitats I Birds

I Coastal habitats I Macrophytes I Wetlands l Fishes I Unspecified
I Coral cover I Oyster Reefs I Zooplankton I Insects

I Forest and crop pests I Phytobenthos I Benthic invertebrates I Invasive species

EUROPAB®N Junker et al (2023) List of EBVs
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A list of balanced EBVs

Species-focused EBVs

EBV class

Genetic
compaosition

Species
populations

Species
Iraits

Ganetic
composition

s
populations

Species
traits
Genetic

compesition

Species
populaticns

Species
traits.

M

.r

'
B
.

r

EBVID

Spp_GC_div_unsp_FW
Spp_SP_abn_bird_FW
Spp_SP_abn_inse_FW
Spp_SP_dis_alie_FW
Spp_SP_dis_amph_FW
Spp_SP_dis_inve_FW
Spp_SP_dis_mamm_FW
Spp_SP_dis_mphy_ FwW
Spp_SP_dis_rept FW
Spp_ST_phe_bird FW
Spp_ST_phe_fish_FW
Spp_GC_div_unsp_MA
Spp_SP_abn_fish_MA
Spp_SP_dis_alie_MA
Spp_SP_dis_fish_MA
Spp_SP_dis_inve_MA
Spp_SP_dis_mamm_MA
Spp_SP_dis_rept_MA
Spp_ST_phe_bird_MA
Spp_ST_phe_fish_MA
Spp_ST_pha_mamm_MA
Spp_GC_div_unsp_TER
Spp_SP_abn_dise TER
Spp_SP_abn_inse_TER
Spp_SP_abn_mamm_TER
Spp_SP_abn_pest TER
Spp_SP_dis_alie_TER
Spp_SP_dis_bird_TER
Spp_SP_dis_inve_TER
Spp_SP_dis_mamm_TER
Spp_SP_dis_rept TER
Spp_ST_phe_fung_TER
Spp_ST_phe_frui_TER
Spp_ST_phe_plan_TER
Spp_ST_phe_bird TER
Spp_ST_phe_inse_TER

HD

Main EU legislation
BD WFD MSFD NRL BODS

IAS NECD CAF EEA-EA CFF SML Pl
]
.
]
|
|
[

LULUCF FMR

Ecosystem-focused EBVs

EBV class

Community
composition

Ecosyslem
function

Ecosystem
structure

Community
composition
Ecosystem
function

Ecosystem
structure

Community
composition

Ecosystem
function

Ecosystemn
structure

Realm

Several more EBVs related to Ecosystem Service Policy

tUROPABON

EBV ID

Eco_CC_com_ppla_FW
Eco_CC_com_mphy_FW
Eca_CC_com_pben_FW
Eco_CC_com_inve_FW
Eco_CC_com_fish_FW
Eco_CC_com_zoop_FW
Eco_CC_com_fung_FW
Eco_EF_phe_ppla_FW
Eco_EF_pro_habi_FW
Eca_EF_dec_habi_FW
Eco_ES_con_habi_FW
Eco_ES_dis_habi_FW
Eca_ES_sir_habi_FW
Eco_CC_abn_inve_MA
Eco_EF_dib_habi_MA
Eco_EF_phe_habi MA
Eca_EF_phe_ppla_MA
Eco_EF_pro_habi_MA
Eco_ES_dis_cora_MA
Eca_ES_dis_malg_MA
Eco_ES_dis_plan_MA
Eco_ES_dis_oyst_MA
Eca_CC_bio_inve_TER
Eco_CC_bio_micr_TER
Eco_CC_abn_inse_TER
Eco_CC_bio_bird_TER
Eca_CC_bio_mamm_TER
Eco_CC_bio_inse_TER
Eco_CC_com_micr_TER
Eco_EF_pro_unsp_TER
Eco_EF_pro_bird TER
Eco_EF_pro_mamm_TER
Eco_EF_dec_unsp_TER
Eco_EF_dib_fire_TER
Eco_EF_dib_huma_TER
Eco_EF_phe_plan_TER
Eca_ES_sir_plan_TER
Eco_ES_dis_habl_TER
Eco_ES_con_habi_TER
Eco_ES_bio_habi_TER

HD

Main EU legislation
BD WFD MSFD NRL BDS

IAS MNECD CAP EEA-EA CFP SML Pl LULUCF FMR

Kissling et al (in review)



A database of monitoring integration in Europe

Butterfly monitoring

Freshwater monitoring

® Integration Node ura 2000 Butter

® Integration Node
TR I AT T odiand Butterfly. .
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~~~ Aggregated - - = Aggregated
EBV EBV
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https://monitoring.europabon.org/monitoring/
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https://monitoring.europabon.org/monitoring/

Assessing existing biodiversity monitoring

All Integration Protocols Entity Space Time Accessibility

No PartialGap

| Terrestrial
n Freshwater
n Marine

. div_unsp M
Genetic

composition

Taxonomic/
ecosystem scope

«» Habitats

# Plants

£ Lichens

W Invertebrates
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»* Amphibians and reptiles
A Birds
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e
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phe_bird A
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Community com_inve W 000
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% of European countries

Report on gaps and important new areas for monitoring in
Europe: https://preprints.arphahub.com/article/103657/
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https://preprints.arphahub.com/article/103657/

o Data collection & sampling

Existing monitoring methods

» Structured surveys (e.g. -
transects counts) or g %
opportunistic observations

* Trait or DNA sampling (e.g.
phenology records)

* Airborne or satellite remote
sensing (e.g. radar, %
hyperspectral, LIDAR) Y

National or EU-wide monitoring initiatives

* PanEuropean Common Bird -
Monitoring Scheme (PECBMS) A"

* Water Information System for
Europe (WISE) WlSE

* Copernicus Land Monitoring  ,— i
Service (operricus

Emerging tools

* Digital sensors (e.g. cameras, m \!

sound devices)

» Citizen science apps D
* eDNA sampling (e.g. soil,

water) P
- ﬁ;'%".r.fv ] a

=H

tUROPABON

Designing monitoring around EBV workflows

o Data integration

Standardizing field data

* Standardized sampling
& data entry protocols

» Data aggregation &

harmonization
* National or EU-wide
integration nodes

Data exchange and automation

—

* Data transfer
~— mechanisms (e.g. APIs)
Y6 (&) and exchange formats
— ! * Automated, end-to-end
data streams

Computational integration

* Centralized data
repositories

+ Data access and
machine readability

* Integration of ground
truth and remote
sensing data (training
points)

9 Modelling

Statistical modelling & extrapelation

Regression & .
machine learning l
(e.g. species ;
distribution models)

Models for trend analysis & forecasting

q<<
A

Biodiversity change Short-term
indicators ecological forecasts

Artificial intelligence

Al for species detection,
tracking, classification &
segmentation

Spatiotemporal ensemble modelling

Multi-model comparison,
parameter optimization,
meta-learners

Kissling et al (in review)



How to collect the data

In-situ

observations

56 EBVs |a=| Structured monitoring

a—| programs

Citizen science

Species distributions of birds, mammals,
reptiles, amphibians, plants, butterflies,
dragonflies, pollinators, lichens, etc.

Phenology of fructification of mushroom

» 64 EBVs 3 EBVs ohaaTvations and wild fruits, phenology of flowering
and leaf senescence
= _ o DNA metabarcoding of soil microbes,
5 EBVs Genetic monitoring genetic diversity of selected terrestrial,
freshwater and marine taxa
84
EBVs
Remote . Ecosystem distribution of habitats, algal
sensing 15 EBVs Satellite remote blooms, ecosystem productivity and
&V sensing phenology, connectivity of habitat types
| Airborne remote Vertical structure of vegetation,
20 EBVs 2EBVs )\%m} sensing structural complexity of riparian habitats
' Aerial biomass of migrating birds, bats
3 EBVs Weather radar ard iesacts
EUROPABON

Kissling et al (in review)



EBV workflow demonstration in showcases

Raw observations

Data integration

Models and indicators

Raw observations

Data integration

Models and indicators

Birds counts

8 W

Bird observer networks

— Pan

- uropean
Common

Bied

Monitoring

Scheme:

PECBMS

= \; EBBA 2

SDMs - changes in
distributions

=

eDNA from soil
samples

A7

LUCAS, Eudaphobase,
GBIF

EUdapho
Ppbase

12 GBIF

SDMs & community
models - Projections

s E'ﬁ

Plot vegetation
communities

&K

European Vegetation
Archive, ReSurve

» =

RS & machine learning,
Habitat extent

»  © W

Opportunistic records

GBIF, Mushroom databases

Bk || \gerF 2

Machine learning real
time forecasts

£ o &
O

Systematic sampling
of Macrophytes

National databases & EU
Water Information System

G » WISE 4

L___EEA

SDMs - ecological
quality ratios

»
&

=

Radar detection

@ <

Meteorological observation
networks

EUMETNET

Radar classification &
forecast

"m D" w N

Report on Birds Directive showcase available at
https://doi.org/10.3897/arphapreprints.e126021

Report on Habitats Directive showcase available at
https://doi.org/10.3897/arphapreprints.e128158

Report on Water Framework Directive showcase
https://doi.org/10.3897/arphapreprints.e128109

tUROPABON

Report on Soil EBVs for ecosystem restoration
https://doi.org/10.3897/arphapreprints.e128926

Report on Bioeconomy showcase available at
https://doi.org/10.3897/arphapreprints.e119131

EBV workflow templates
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The EBOCC (regional nod for GBiOS)

Technical and stakeholders advisory board |
(transnational organisations, data
infrastructures, scientific experts)

Executive/ General assembly
strategic roles (national hubs, EU bodies)
Tactical/ 4 2 .
collaborative roles N

General secretariat
(new staff, detached

Operational roles

e /
A

" Hosting body (EEA, JRC,

EUROPABON

experts) (

Data governance and ethical committee

Specialists and implementers W
(from the thematic hubs)

i

EU BIODIVERSITY OBSERVATION COORDINATION CENTRE

National
biodiversity EU institutions
monitoring and agencies
hubs

Coordination and Analysis and

@ support reporting @
Secretariat

Data collection
mobilization integration

and sharing
Transnational .
NGOs and Inter:::lmnal
latf _
cro:di:;::: regional data
itori y infrastructures
monitoring



Costing the implementation of the EBOCC

( Empirical data N

] Staff Salaries

Data
Collection

methods Costs per individual Prlr.nar.y
EBv monitoring

Workflow networks
needs

é Assumptlons

9 Sites/collector Data handling J,

tUROPABON

~50 M€ per year for integration
and coordination

~500 M€ for monitoring
implementation

Benefits one order of
magnitude greater

Innovation, natural capital, environmental
impact assessment, cost-saving

Coordination Cel

EUROPABON
N | P




Findable, accessible, interoperable and reusable!

)

s journal O,

Author  Title

EBV Data Portal

Europa Biodiversity Observation Network: integrating data .
streams to support policy I

The EBV Data Portal includes a variety of EBV raster datasets.

EUROPABON Papers published: 28 h se d i h L h o | | k Y | | d EBV
x r e S
Papers in press: 4 Edited by Henrique Pereira, Jessica Junker, Andres Marmol-Guijarro, Joachim Maes oucan IFI‘IDOI'T thes a ets into the map with a -.-‘lﬂg € CliCK. You can also UD oa YOUr own
printed version: Paperback dataset for sharing with others.
Observations are key to undarsland the drwers of biodiversity loss, and the impacts on ecosystem services and ultimately on people. Many EU
Unigue views: 2571 policies and i demand and regularly updated biodiversity and ecosystem service data. However, efforts to
monitor biodiversity are spatially and temporally fragmented, taxonomically biased, and lack integration in Europe EuropaBON aims to bridge
Total views: 3747 this gap by designing an EU-wide framework for menitoring biodiversity and services. the power of
medelling essential variables to integrate different reporting streams, data sources, and monitoring . These essent| provide
consistent knowledge about multiple dimensions of biodiversity change across space and time. They can then be analyzed and synthesized to
support decision-making at dlfrerEnt spallal scales, from the sub-national to the European scale, through the production of indicators and
a ACCES! scenarios. To develop tial and variables workflows that are policy relevant, EuropaBON is built around stakeholder

Engac and kr g (WP2). EuropaBON will work with stakeholders to identify user and policy needs for blodiversity

i and ir { the ibility of setting up a center to coordinate monitering activities across Europe (WP2). Together with
F| |ter stakeholders, EuropaBOM will assess current monitoring efforts to identify gaps, data and workflow bottlenecks, and analyse cost-
effectiveness of different schemes (WP3). This will be used to co-design improved monitoring schemes using novel technologies to become
more representative tempaorally, spatially and taxonomically, delivering multiple benefits to users and society (WP4). Finally, EuropaBOM will

by Subject a~ ate in a set of how ! tailored to the Birds Directive, Habitats Directive, Water Framework Directive, Climate and
Restoration Policy, and the Bioeconomy Strategy, can be implemented [WPS)

Portal statistics

This collection only admits publications that are a direct product of the EuropaBON project.

= [ Agriculture and Forestry : . . . -

5 [ Architecture ot RETEHIEYTIRE Entity Type Spatial Domain Environmental Domain
O ans

# [ Chemistry Select: All None Download: [EE EXN G2

# [ Computer & Information sciences

# [] Earth & Planetary sciences

https://doi.org/10.3897/rio.coll.145 Ecos:';tems GI?{::)aI

44 EBV datasets in total

£UROPABO®N https://portal.geobon.org/home



https://doi.org/10.3897/rio.coll.145
https://portal.geobon.org/home

EBV data portal scope:
Global, regional and National Essential Biodiversity Variables data

Historical local species richness M ks _
(PREDICTS) Predicted suitability for EUNIS habitat

types for EU27 countries

Habitat availability for African great apes

‘ Community composition ‘ Ecosystem structure ‘ Species populations




Assessment of users and
policy needs, data gaps,

Coordinating existing
biodiversity monitoring
schemes

Support:
Funding opportunities,
collaboration, reporting

models and tools

u|

STAKEHOLDER ENGAGEMENT & CO-DESIGN

in situ and mobile —N—
sensors Species- e
_ . based EBV Cube == ~ ~
XD = Protected area
Yo ) ¢ Condition managers
—~ ++
: EBV-useable EBV-ready Deliee & anll
ik data data m"df";:: ! a a a
EU Policy Makers
EU Web-GIS,
DATA :
: 2 EBV Virtual Lab &
Structured and HARVESTING & Bio::ii::rsi:v Q
unstructured data PROCESSING Assessment Gateway
Ecosystem- = 0
Dafed N vhibe EU Member States
INTEGRATION & MODELLING AUTOMATED ASSESSMENTS
Remote sensing
DIGITAL INFRASTRUCTURE \

EBV Data

J\GBI F ©BI|S sansomsm,
Portal

(opericus
J

EUROPABON -
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