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The ECOPOTENTIAL Sites: 25 protected areas
Funded by the 
European Union

25 protected areas from Europe and 
beyond Europe, covering all 

European biogeographical regions 
plus arid and savannah ecosystems, 

and including several kinds of 
conservation status
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Arid and semi-
arid

Coast and 
transitional

Mountain
Marine

26 Protected Areas

Make the best use of Earth Observations
to characterize the state and changes of ecosystems 
and improve management and conservation
in Protected Areas and beyond

4 ecosystem types

48 partners

ECOPOTENTIAL in a nutshell
Funded by the 
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ECOPOTENTIAL in a nutshell
Funded by the 
European Union

Use existing Earth Obs. data

use of COPERNICUS data

Generate EO data products
Make data open and available 
through GEO/GEOSS 



A system approach to nature conservation 
in times of rapid change

Scientists:
monitoring,

modelling and 
prediction,

identification of 
possible actions

Nature 
managers:

identification of 
practical needs and 

implementation
of concrete actions

Policy makers:
Identification and
implementation of 
strategies at local

and European level

Citizens

ECOPOTENTIAL in a nutshell
Funded by the 
European Union



Geosphere

Biosphere

“One Grand
Organic
Whole”

(A.R. Wallace)

The ECOPOTENTIAL conceptual framework
Funded by the 
European UnionECOSYSTEM’S CONCEPT
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ECOSYSTEMS GLOBAL TRENDS

The ECOPOTENTIAL conceptual framework



Guerra et al. GECCO (2019)

Funded by the 
European UnionECOSYSTEMS ESSENTIAL VARIABLES

The ECOPOTENTIAL conceptual framework
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https://vlab.geodab.org/

CREATING KNOWLEDGE FOR 
INFORMED NATURE MANAGEMENT

The ECOPOTENTIAL conceptual framework



In- field 
Data

Remote 
sensing data
and products

Modelling
Policy

Sharing

Funded by the 
European Union

The ECOPOTENTIAL Roadmap

The ECOPOTENTIAL conceptual framework



More than 300 remote sensing  products 
generated and available

Remote 
sensing data
and products

Funded by the 
European Union

The ECOPOTENTIAL implementation

Remote sensing products for protected areas



Access to reliable and well documented
data is needed for open science and
reproducible results.

ECOPOTENTIAL uses DEIMS-SDR (Dynamic 
Ecological Information Management System -
Site and dataset registry)  to store quality-
assured context information and their data 
products about the ECOPOTENTIAL Protected 
Areas

In- field 
Data

The ECOPOTENTIAL implementation: DEIMS
Funded by the 
European Union

https://deims.org/

https://deims.org/


Where:
Protected areas in 
Europe and beyond

For whom:
Scientific community
PA managers
Policy makers

What:
Ecosystem
Ecosystem services
Changes
Future Projections

How:
Correlative 
Process-based
Conceptual…..

Scale: from local/regional to global 
Transferability: from low to high
Openness: models available on the ECOPOTENTIAL  VLab

Funded by the 
European Union

The ECOPOTENTIAL implementation: MODELLING

Earth observation driven models for ecosystems knowledge-informed management

Modelling



Working with the ECOPOTENTIAL Protected Areas
- co-designing research threads with PA staff  for:

Funded by the 
European Union

The ECOPOTENTIAL implementation: PAs

Analysing the current state of Protected Areas and 
ESS from In situ and Remote Sensing

Detecting ongoing changes in the ecosystems and 
the environment

Modelling future projections on the state of the 
ecosystems



Research strategy co-designed by scientists and PA staff:
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w

Co-design a research plan to: 
Address the conservation issues
Identify and retrieve the data needed (In Situ/ RS)
Identify and develop the ecological models 
PA management engagement to develop conservation and      
management policy options.

Focus on given Protected Area(s): identify the ecosystem 
conservation issues and ecosystem services, functions and 
processes, the threats and the management policy issues.

Funded by the 
European Union

The ECOPOTENTIAL implementation



The use of Sentinel for 
conservation and environmental 
monitoring provide us new way of 
working

Antonis Tsakirakis, Samaria National Park

The use of Sentinel data has 
improved the control and 
management of high altitude 
grasslands providing plenty of 
information for remote areas

Ramona Viterbi, Gran Paradiso national Park

“The EODESM system provides 
timely information on wetland 
conditions and dynamics that 
determine the distribution of flora 
and fauna species.  This can assist 
in efforts to ensure planning of 
conservation management”

Ricardo Díaz-Delgado (EBD Doñana ) and Loïc
Willm (Camargue ).

Funded by the 
European Union

The ECOPOTENTIAL implementation: working with PAs



Making the best use of Earth Observations
• New models, able to incorporate Earth Observations, 

have been developed, tested and implemented

• Creating an ecosystem community of practice

• Enhancing Protected Areas management
• Providing a Virtual Laboratory Platform for data, products, 

services, models and information generated by the 
project, as a contribution to GEO/GEOSS

• Creating new opportunities for SMEs in the field of 
monitoring and application of Earth observations to 
ecosystem study, conservation and management.

ECOPOTENTIAL results, products and impacts
Funded by the 
European Union



ECOPOTENTIAL  results: Changes in PAs

Multiple changes detected in the phenological cycles within the marshes of Doñana
National Park, Spain (2007 – 2016)

Funded by the 
European Union



ECOPOTENTIAL results: Climate analysis in PAs

Heatmap of the standardized change between the
average in the period 1986-2015 and the average in
the period 1956-1985 of each annual climatic
indicator displayed in the y-axis.

X axis: ECOPOTENTIAL Protected Areas

Vivaldo et al.
in preparation (2019)

Funded by the 
European Union



The standard prediction chain for climate
change impacts has been used.
The output of a global climate/land-use
change model, at coarse spatial scale, is
downscaled through regional climate models
and a further statistical or stochastic
downscaling method.
The downscaled climate and environmental
variables are then used to drive surface
ecosystem models at small spatial scale.

ECOPOTENTIAL results: Climate analysis in PAs
Funded by the 
European Union



Expected habitat change of semi-permanent marshes under the greenhouse emission
scenarios RCP 4.5 (stabilization) and RCP 8.5 (steady increase) for the years 2050 and 2100.

Impact of climate change 
on Mediterranean wetlands
Lefebvre et al., 2019
https://doi.org/10.1016/j.scitotenv.
2019.07.263

ECOPOTENTIAL results: Climate analysis in PAs
Funded by the 
European Union

https://doi.org/10.1016/j.scitotenv.2019.07.263


Land-cover classification of
Doñana National Park from
October 2009 to August 2010.
Legend: a) Bare soil, (b) Very
sparse vegetation, (c) Marshland,
(d) Deep water such as Ocean, I
Sediment, (f) Forest, (g) Bushes,
(h) Mid-level water, (i) Shallow
water.

ECOPOTENTIAL  results: Data Mining
Funded by the 
European Union



Marco Turco et al., Scientific Reports 2017
Nature Communications 2018a, 2018b

Use of European datasets: 
EFFIS, CRU TS for SPEI
Use of national inventories
Use of Remote sensing products

MAIN RESULTS: 
Summer burned area is highly dependent on same-summer drought conditions
and delayed precipitation conditions
• With a global temperature rise > 1.5 °C above pre-industrial, estimated summer
burned area in the Mediterranean can double
• Empirical fire-climate models allow improving seasonal prediction of summer
burned area

ECOPOTENTIAL results: fires in Mediterranean Europe



Karnieli et al.
in preparation (2019)

Spatial and seasonal distributions of 
European vegetation growth limiting factors 

Relationships between LST and NDVI 
in different seasons and for 

different biomes

ECOPOTENTIAL  results: climate forcing analysis from RS



Conservation goal:
Monitoring and predicting

cyanobacteria blooms

Example: Curonian Lagoon (LT): how climate changes 
alter the ecosystem services of a Baltic coastal lagoon?

HEC-
RAS

RCM4.5  
RCM8.5

Habitat 
suitability
projections

Commercial fish stocks 
projections

by Razinkovas et al. (KU)

Funded by the 
European Union

ECOPOTENTIAL  results: Ecosystem services



ECOPOTENTIAL  results: Ecosystem services
Funded by the 
European Union

Crops
Energy (Biomass)
Fodder
Livestock
Fiber
Timber
Wood Fuel
Capture Fisheries
Aquaculture
Wild Foods
Biochemicals / 
Medicine
Freshwater
Mineral resources
Abiotic energy 
sources

Provisioning services

Recreation & 
Tourism
Landscape 
aesthetics, amenity 
and inspiration
Knowledge systems
Religious and 
spiritual experiences
Cultural heritage & 
cultural diversity
Natural Heritage & 
natural diversity

Cultural services

Example: Danube Delta (RO): Assessing the impact of 
aquatic ecosystems provisioning services on tourism 

Potential of ecosystem to produce services



Example: Protecting marine mammals in crowded waters 

Pelagos
Sanctuary

ECOPOTENTIAL  results: Integration of data sources

The PELAGOS Cetacean Sanctuary in the Mediterranean Sea



A bottom-up approach for the identification of Essential Variables
Conservation managers identify locally important variables

Four steps:

1. describe and identify the major system components, functions and 
processes,

2. Develop models to quantitatively address these system elements

3. Identify the set of variables that summarize observations 

4. Prioritize which observations must 
be collected 
considering both in-situ and 
remote monitoring 
and the practitioners’ own needs.

Essential Variables across Storylines, space and time

Essential 
Variable(s)

Number 
of cases        

PAs

Number of 
cases Coarse 

scale

Number of 
storylines 

D2.2

EBV, ECV or EOV

ECOSYSTEM 
STRUCTURE

4 5 14 EBV class

Ecosystem 
extent

2 1 7 EBV

ECOSYSTEM 
FUNCTION

6 2 10 EBV class

SPECIES 
POPULATIONS

3 1 11 EBV class

Species 
distribution

1 1 4 EBV

Air temperature 2 1 5 ECV
Precipitation 2 2 10 ECV

ECOPOTENTIAL  results: Essential Variables 

Guerra et al. GECCO (2019)

Funded by the 
European Union



DEIMS-SDR provides information on:

• 32 study areas addressed in ECOPOTENTIAL including all 
protected areas

• 101 data products (including observation campaigns)
• 128 datasets

1.028 long term monitoring sites
are documented on DEIMS-SDR, including
101 data products, 529 datasets, 
55 member networks and 953 persons.

ECOPOTENTIAL Products: In situ data repository: DEIMS

In- field 
Data



ECOPOTENTIAL Products:  in situ DATA in the GEOSS portal

In- field 
Data

In-field metadata from DEIMS-SDR are
searchable from the GEOSS PORTAL
through the ECOPOTENTIAL Catalogue:

https://www.geoportal.org/

https://www.geoportal.org/


ECOPOTENTIAL Products: PROTECTED AREAS from SPACE

PA from space is a web map server
showing and delivering all data and
metadata produced within the project.
This service is compliant with the Open
Geospatial Consortium standards and
allows visual analysis.

http://maps.ecopotential-project.eu/

Remote 
sensing data
and products



ECOPOTENTIAL Products: PROTECTED AREAS from SPACE

User can go directly to the Protected
Area of interest by using the selector

Data available on global and local
systems and can be shifted on the fly

Remote 
sensing data
and products



The Earth Observation Data for Ecosystem Monitoring

EODESM is designed to generate land cover and 
evidence-based change maps by simply combining 
environmental variables retrieved primarily from EO data.

Land cover classifications, Bahamas, a) prior 
to and b) following Hurricane Dorian and c) 
change.  All classifications were generated 
from Sentinel-2 data within the VL.  
d) Comparable mapping of most damage, 
NASA’s Earth Science Disasters Program

Terrestrial vegetation
Aquatic vegetation
Not vegetated
Water

Conversion to bare (land)
Inundation of aquatic vegetation
Inundation of land

Moderate damage
High

16th Aug 2019 6th Sep 2019

Change

Forest (various)

Snow and ice
Bare (various)
Water

Herbaceous (including agriculture)

Gran Paradiso NP, Italy

https://essilab.wixsite.com/eodesm

Funded by the 
European Union

ECOPOTENTIAL products: EODESM

Remote 
sensing data
and products

https://essilab.wixsite.com/eodesm
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• Designed for use by a wide range of users
• Entirely open source and freely available 

Remote 
sensing data
and products

The Earth Observation Data for Ecosystem Monitoring (EODESM) system 
allows direct classification and change detection for any location 
worldwide by combining Sentinel-2 data from any two dates from the 
Sentinel hub. 

https://essilab.wixsite.com/eodesm

ECOPOTENTIAL products: EODESM

EODESM is available through the 
ECOPOTENTIAL  Virtual Laboratory.

land cover is classified according to the Food 
and Agricultural Organisation’s (FAO’s) Land 
Cover Classification System (LCCS2) taxonomy

https://essilab.wixsite.com/eodesm


EODESM: end users can run EODESM through the Vlab
and visualize the output.

Funded by the 
European Union

ECOPOTENTIAL products: EODESM

https://essilab.wixsite.com/eodesm

Remote 
sensing data
and products

https://essilab.wixsite.com/eodesm


ECOPOTENTIAL products: use of DATACUBES
Funded by the 
European Union

Swiss, Greek and Catalan data cubes 
empowered by ECOPOTENTIAL and 

empowering ECOPOTENTIAL 

maps.ecopotential-project.eu

Remote 
sensing data
and products



… and more

ECOPOTENTIAL  products: Models
Funded by the 
European Union

Modelling

Process-based, conceptual, correlative, Bayesian Networks..



Modelling

ECOPOTENTIAL  products: Models
Funded by the 
European UnionExample: INSTAR

An agent-based model for forecasting forest pests



ECOPOTENTIAL  products: On-line data services

Selected models and other 
model supportive workflows 
were transformed into 
operational online data 
services and integrated into 
the ECOPOTENTIAL Virtual 
Laboratory (VL). Services 
may be utilized either stand-
alone or as workflow 
components to generate 
input for further models or 
decision support chains. 

https://vlab.geodab.org/

Calculates 
phenology 
metrics 

Detects changes in 
vegetation 
phenology cycle

PhenologyMetrics

PhenologyChanges

Assessment of 
vegetative cycles 

through time
151-365
136-150
118-135
98-117
79-97
59-78
39-58
20-38
0-19

Days of greenup

2015.001 – 2016.365

2013.001 – 2014.365

2011.001 – 2012.365

2009.001 – 2010.365

2007.001 – 2008.365
5
4
3
2
1
0

Year and date of 
greatest change

No of abrupt 
changes

Automated execution of models 
or modules by the users is 
enabled by the ECOPOTENTIAL 
Virtual Lab. 

Users may input existing or new 
data and activate the online 
services. 

Products can be downloaded in 
commonly used formats.

Support the 
assessment of the 
hydrological cycle

Calculate aquifer 
recharge & surface 
runoff

WiMMed

Generate 
inundation 
maps with 
Sentinel-2/ 
Landsat 
data

Estimate hydroperiod

Improved 
speckle 
suppression  
of SAR images 
to be used as 
input data

WaterMasks & LAST-EBD

Speckle Removal

HydroMap & LAST-EBD

(A)

Open SeaOpen Sea

(B)

inundated
non-inundated

Calculate landscape 
fragmentation 

metrics

PLAND
(per object )

%

Impact of landscape 
topography on 
species distribution

Impact of human 
activities and 
topography on 

species distribution

LandMetrics

MountainMetapop

Funded by the 
European Union

Modelling



VLab APIs VLab
Portal and 

apps

VLab App Developer VLab End User

Long-term 
preservation

archives

EO products

Knowledge bases

Remote 
processing 

services

Source code

Datasets

Workflows

• The VLAB is interoperable with GEOSS allowing 
users to access datasets and publish products

• The VLAB allows end-users like decision-makers and 
protected area managers to visualize data and run 
models through apps and a portal.

All data, images, products and models are  made available through the VLAB

ECOPOTENTIAL  products: Virtual Laboratory Platform

Sharing
(by Mazzetti et al.)

https://vlab.geodab.org/



ECOPOTENTIAL  products: Virtual Laboratory Platform

The ECOPOTENTIAL Virtual Laboratory (VL) is a virtual 
environment supporting 
the ecosystem community-of-practice

From Science to Society
Allowing science-based decision-making

From Ecosystem Community to policy-makers
Generating knowledge targeted to policymakers
(e.g. PA managers)

From Data to Knowledge
Generating Essential Variables, Indicators
and Indices

From Open Data to Open Science
Sharing knowledge, procedures, algorithmes for re-usability, 
Reproducibility

(P. Blonda, CNR,  3rd STI forum- New York, 2018)

https://vlab.geodab.org/

Sharing



ECOPOTENTIAL  products: Citizen science apps

Apps for participatory mapping: 
ESS mapping in PAs

Funded by the 
European Union

https://www.ufz.de/index.php?en=40618
joerg.priess@ufz.de

Sharing

https://www.ufz.de/index.php?en=40618
mailto:joerg.priess@ufz.de


gBay: a toolbox for decision support

ECOPOTENTIAL  products: decision support tools

gBay is an online toolbox that allows to link 
Bayesian Network models with geodata
Link: wiki.gbay.ethz.ch

Policy



ECOPOTENTIAL PRODUCTS: Participatory management

Serious games for natural resources management

Policy



Policy recommendations at the EU Parliament
Funded by the 
European Union

• Communicate ECOPOTENTIAL research results to decision-makers

• Provide PA managers with RS maps on a regular basis

• Community of Practice:  lessons learned & needs of PA managers

• PA managers are experts in their field à inlcude their knowhow
into the design of projects from the very beginning

• Advocate for a central support office/ authority with a legal 
mandate for EO à link between the PA‘s and the political level
(e.g. EC)

Policy
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http://natura2000.eea.europa.eu/

(Protected Areas surface %)

Creating knowledge and products for other  Protected Areas

The ECOPOTENTIAL legacy



The ECOPOTENTIAL legacy
Funded by the 
European UnionDelivering the  knowledge and products’ use to other projects

GEO GNOME



The ECOPOTENTIAL legacy
Funded by the 
European UnionUse the results for societal benefits

Protected areas staff and  managers

High Tech SMEs and Industries

Policy and decisions makers



ECOPOTENTIAL
Improving future ecosystem benefits 

through Earth observations

ECOPOTENTIAL has received funding from the European Union’s Horizon 2020 research and 
innovation programme under grant agreement No 641762.
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